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SUMMARY 

-DMH forecasts the spatial location of employed res iden!:s based on 

place of work, zonal land use 'patterns, zonal incomc distributions, and the 

zone-to-zone travel impedances. In addition, land use patterns are updnted, 

and the Hork to home, home to shop and worl< to shop trip matrices are 

cst ünated. 

DRAH is meant to be used with a trip ass ignment model as part 

of an iterat ive proccdure to forecnst future locat i om; of urhan a e o- jv it ies 

and traffic patterm!>. It can, however, be used without this intercon11ectL:m. 

Input Requirements - DRAM requires a bas ic emp] oyment forecAst, 

the !Jase year distributions of land use by :,::one anJ income distribution by 

zone, and an impedance matrix for the forecast period. The bas ic employmenL 

forecasts must either be obtained exogenously or, if possihle, forccast 

using EMPAL. Data on land use and income distributions must be obtained 

from publtshed or survey data for the base year, but later runs of DHAM 

in a forecast series can use output from previ.ous DRAH runs. The impeclance 

matrix can be obtained either from observed data or a trip asstgnment model 

for the base year, but future impedancc matrices must be obtained from the 

trip assignment package. 

Control totals must be obtained exogenously. Parameters for the 

residential allocation procdure are normally obtained from the gradient 

search procedure CALIB. 

Output - DRAM outputs two files to mass stornge and prints several 

reports. The files on mass storage are land use, income djstribution and 

service employment, nnd the trip matrices. 
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Reports printed are the input data, land consumption cocfficients, 

the int('rmediate calculations in the household alJocation procedure, 

fjnal popuJ.atj_on and Jand use measures, anda sunnnary of trips originati.ug 

and arriving in each zone. 

Operation- The op~ration of DRAM consists of 3 parts; data input, 

resiclcntial allocation, and land consumption and trip generation. 

Data input is done in the main routine and an input subroutine. 

1 

Base year lancl use and income data, and a basic employment forecast are 

read, and land consumption factors are calcuJated. The household al loca-

tjon procedure is a three step process. First an initial allocation is 

macle using the base year data. With this initial allocation, a forecast of 

retaiJ employment location is made. Then a second household allocatipn is 

made us ing the new reta i1 employment locat ion. Land consumption and trip 

generation are performed last. Land is consumed based on the allocation 

of res i.dents and previous dens ity. Commercial land is consumed based on 

commercial employment and previous conm1ercial density. Trips are generated 

using probabili.ty matrices from the residcntial and service employment 

a]locntions. 

ACKNOill~EDGEMENrS 

The DRAM model was specified by Stephen H. Putman and programmed 

by Frederi.ck W. Ducca. Both of the Urb,an Sünulation Laboratory, Department 

of City Planning, University of Pennsylvania. 
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What is shown helow is the title of ea eh report, headers ar..d 

the first line of output. 

1. Size and parameter data 

100 ZONES 
30 INTERVALS IN PROBABILITY FUNCTION 3 MINUTE INTERVAL WW11i 
PRII'\T OP'.L'ION 1 

STRATU!'·! 

TITLE 
RETAIL THADE COEFFICIENTS 
10.0 
5.0 

PARAMETERS 

LAND USE AND IMPEDANCE 

1.05 -.~5 .77 ·1.24 o.o 

The p8 rameters are in order: 

1,2 - impedance parameters. 

3 - residcntial 1and arca. 

4 - percel)tage of developab1e land 

5 - vacant 1anc. 

6 attraction to in come group 1 

7 - attraction to in come group 2 

8 - attraction to in come group 3 

9 - attraction to in come group 4 

CO~~ERSION MATRIX 

0.319 0.297 0.126 0.258 

0.159 o. J 92 o. J 68 0.481 

0.133 0.133 0.190 o. 544 

0.318 0.295 0.125 0.262 

INCO!vl..E DISTil.IBUTION 

2.22 1.11 -.6 -1.71 

which has be en deve1oped. 

note: Tltis matd.x convt:'rts cmployment by type to cmploy111ent by incom(;:: 
group. Thc entry 0.297 indicates that 29~7 pcrccnt of thc employces 
in cmplc_,y¡¡¡ent group 1 are in income group 2. 
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2. Base yc~r data 

BASE YEAR--IIOUSEllOLD DISTRIBUTION 

JTOUSEJJOLDS ' TOTAL RESIDENT GROUP QTRS El'fPLOYED NONWORKING TOTAL 
1 2 3 l¡ J!OUSEIIOLDS POPULATION RESIDENTS POPUlNriON POPULATION POPULATION 

7500 979 6071 847~l 

BASE YEAR--LAND USE 1\CTIVITY 

TOTAL UNUSE.t\BLE STREETS, VACANT TOTAL 
IJ\ND V\im HIGHHAYS BASIC RETAIL. RESIDENTJJ\L AVAILABLE AVAILABLE 

1 705 83 \ 205 250 108 56 3 417 

D1PEDANCE MATRIX, UP TO FIRST 20 E'NTRIES 

66 272 250 249 265 193 257 152 

2 171 266 251 177 123 205 116 181 

BASE YEAR-- EMPLOYMENT DISTRIBUTION 

BASIC ENPLOYMENT TOTAL RETA IL EMPLOYNENT TOTAL EMPLOYME1'T 

1 2 3 

10 211~56 7771 29237 10988 40225 

LAND CONSUMPTION 

RE'i'AII~ RESIDENTIAL 

.006 .003 

n·ote: .006 indicates that for each retail. cmployee, .006 U11.i.ts of 
1and are required. 
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3. Forccast year data 

HOUSEHOLDS 
2 3 4 

FOREcAST YEAR- -lJOUSEilOLD DISTRII3UTION 

TOTAL 
HOUSEl!OLD S 

RESIDEN1' GROUP QTRS 
POPULATION RESIDENTS 

-5-

EMPLOYED NON -iWRJ<INC (e on 
POPULl\TION P0J'ULI\'l'ION 

57245 45~29 28820 23102 157792 620580. 979 154597 

TOTAL POJ'UJ..AT!ON 

oLJ.559 

FORECAST YEAR--LAND USE ACTIVITY 

TOTAL UNUSEABLE STREETS, BASIC RETAIL RESIIIENTIAL VACANT TO'l'AL 
lJ\ND LAND HIGHWAYS LAND LAND AVAILAJ3I,E AVAlJ..ABLE 

1 

1 

705 83 205 267 101 o 

Note: Total availab1e land is the sum of basic land, retail land, 
residential land and vacant available land. 

FORECA ST YF.AR- -EHPLOYHENT D ISTRIBUTION 

BASIC E:t-fPLOYMENT 
1 2 3 

o. 21456 7771 

TOTAL 

29227 

RETAII, 
EHPI..OY11Et\lT 

240525 

TOTAL 
EMPLOYMENT 

269752 

4. Trip distribution 

53314. 

WORK TO HONE 

389785 

TRIP GENERATION 

WORK TO SHOP 

155228 

HONE TO SHOP 

3072l~]_ 

TRIPS FRm1 ORIGIN ZONES TO FIRST 9 DISTRIBUTJ.CN ZONES 

20371~. 10554. 518 5. 6191. 12170. 7268. 11952; 

417 

413lt2. 

TRIP ORIGINS TRIP DESTIN!\'J.lONS 

WORK-JIO;>IE WORK-SJIOP HOME-SJIOP WORK-HOME WURK-SHOP ltOME-SIIOP 

91196 36318 [¡1197 423M\ 

Tal'AJ. Tfc1PS e52~51 
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T-:¡ addition to the rcpo1·ts ahovc, thcre are 2 optional reports Hl!ich 

mny he printcd if pnrametcr IPRNT:i=l. Thcy appcor bctwcen thc Land consumptlon 

r~port nnd the Forecast yenr - household distr.i.hution report. They are: 

IN'rERMEDIATE ALLOCATION 01'' RESIDENTS 

1 5437 39674 23633 19548 

PP-OBABILITY OF TRAVEL FOR 3 MIN, TIME ~NTERVALS PROBL-BETA = 5.0 

.1997 • 2598 .1471 .0606 

:t-lESSAGES FROM DMN 

DRAM prints only two mcssages, both in the main program. Thcse 

messnges concern the amotmt of the ar.ray urea requcstecl compared to the amount 

availablc. 'l'hey are in the fo1lmving forro: 

Main Program Array H Allocated XXXX l\IOrds, uses YY''{Y 

Main Progrnm Array :Nu Allocated VVVV lvords, uses HHWiv 

If eithcr YYYY. is greatcr than XXXX or HH\.J\v grcater thnn VVVV the program Hill 

stop. OthcrHise the messagcs are for informntion only. 

'rhe files belmv are used for =intermediate data storage during 

~ecution. 

F:i.lc nrunc DD Nrune Contcnts 

I'l'LUPIV. hf10IONE FT02F001 Probnb H lty matrix of lvorlc to home trjps 

ITLPPIV. IINSITOP FT08F001 ProbnhHity mntr.lx oí homc to shop trip~ 

I'rLUPIV. HKSHOP FT09F001 Probabil:tty mntrix of Hork to shop trip~ 
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Thc files below are input fi~cs for DRAN. Sorne of thc f2-lcs 

dcscribcd lllay be in caL'(l input fol· the sample prohlem but sbould be on m!i~S 

storagc dcv4ccs for applications. 

Optional 

Optionnl 

Optional 

Optionnl 

Optional 

N 

NlliT 

lNT 

NG 

NK 

DD Namc 

F rot~FOOl 

F~ClJ.FOOJ. 

FT12F001 

Funct::Lon 

Bas:Lc employment ancl bnsic li!.nd use 
forc~asts. 

Base ye~r lanc.l use and ·incomE' distJ.·lbJ.L­
tion. data. 

Impcclancc matrix 

T.he follmving are output files: 

I 

I 

I 

I 

DD Name 

Fl'13lrOOl 

FTll~FOOl 

Funct:h!?1!. 

Matri.x of or:tg:m to dcstjn.ation trip~>, 
to he~ uscd in trip loading proce;durc. 

Forecast year land use and income 
distribution data. To be uscd in ncxt 
it<>rat:i.on of projcct:ton package. 

Dir.JCnf;ion Parametcrs 

Valuc or Purpose 

Numbcr of zones in arca, 

Numbcr of intervals in retail allo~ation 
fnnct ion. 

Intcrval H'idth, retail allocation funct·i on. 

Numbcr of incomc groups. 

NwnhcJ: of cmpJ oym0nt r,nn1ps. 



r.cyuo:rd 

EA!,lPRO 

l'l\OPOP 

vm 

HS 

l!S 

CNV 

PLT 

rm 

B(l) 

B(2) 

TITL 

PPI 

IPRNT 

R 

R 

R 

R 

R 

R 

R 

R 

R 

A 

R 

I 

("1 .... 
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Contro1s 

Pm·pose 

Forccast volumc of retail cmployment, 

Projcctccl populntion total. 

Total Hork to homc trips. 

Total ~vork to shop trips. 

Total home to shop trips. 

Mathem::ttica1 parnmeters 

Factors to convert employment by type to 
employmcnt by income group. 

Land use and impcdance parametcrs of 
rcs:i.dcntin.l allocat:ton functi on. 

Income clistribution parameters of rctnil 
allocati.on function. 

I:mpedancc factor, work to shop trips 

Lnpec1ancc factor, homc to shop trips 

Run t:i.tle 

Factor to scale employm~1t, uscd in policy 
testing. 

Print opt.i.on. 
O - Omlt intermed intc report~ 
I - Pr.i.nt intcrmccliate rcporls 

----------------------------------------------~--------------------------------
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co:rm REQtJIRBWNTS 

Corc rcquired for an c.xccutitm of m~ iH a funct:ton ot prl1gt:n1n 

sizc nnd array sizc. The array size in turn dcpcnc.ls on thc ntnnbcr of :t(•~H·s 

in thc areal systcm, Thc formula fm: the rcquj red array s:l:te is N
2 

. -+- oO~+ 200 
2 

\vhcrc N is the number of zoncs, The pro¿;ram 1m~th is 50796 by!:cs of corc. 

Thus, if thüfC <JJ.'C lOO :~oncs in the areal systC!m) t:hc core rcqtd-rcrnent :ts 

( 100
2 + 60 (lOO) + 200~ X (4) -+ 50796. 'l'his is cqual ·to 95596 bytes. Tn 

2 
nppl:i.cations, it is wise to Add 4K bytes to allow for buffer size. 

EXECUL'1.0;~ TJ!.fE 

Execution time increases as the squa1·r· ¡,1- the numbe:r. of zoncs. 

For a nine zonc samplc problcm, e:x:ecuti,on totals 22 scconds of CPU time 01: 

a 360/65. For a 291 zone application, exc·cuti.en time Has 9 minutes CPU 

time using ~ 360/65. 

DATA JNPU'J' 

Data Input l>RAH 

Carel 1 - Format 7 I 5 

\'a r _¡_._,hl e 

1 - ~: - the numbcr of :tones 

2 N!N'J'- the number of intervals in retail prohability fun.ction 

3 - lN'f - ~ntcrvnl \.;rldth, rctail prohabHity function 

li - IRND- projcction round Ld. nunócr. 



5 - IPRNT - print optlon for inte~ucdlntc calcul<~tions 

6 - NG - number of houschold nroups 

7 - N!< - munbcr of cmployment group:; 

Card 2 ~ Formnt FS.l 

Variable 

1) -TITL- titlc or run, o to 80 char:J.cters 

Card 3--- Formo.t FS.l 

1 
Variable 

-10-

1) Beta (1)- impeüance parameter, retail allocation function, 
worl<s.i.te demand, 

Card 4 - Format FS.l 
1 

Variable 

1) -Beta (2)- impedance paramctor, retail allocation function, 
res id en t ial d cmand. 

Card 5-8 - Format 5X, 5Fl0.5 

Variable 

.. ' ... 

1-5 PLT 
- Land use aud trausportat::ion parameters, resideutial allocatl.on 

function, one card for each income group, 5 parametcrs pcr cnrd, 

Card 9-12 - Format 5X, 5Fl0.5 

J _,, 11"':) 

- :income distribution parameters, resiclential allocation functLon; 
J_ carel for CilC'll incomc r;roun, 4 parnmctcrs pcr carel. 

Card J 3-16 - Fonnat 4Fl0. 5 

Variable 

1-'~ cmr - convers ion matrix, converts cmpJ oymcnt by omployment t:y:)c to 
cmployment by :incorne group, Four paramctcrs pcr card. (Note: 
tho following dato. may be :input frrnu cnrds or mass storagc 
dcv:ices. Thc documcntnti.on listcd herc is for thc 9 ~onc samplc 
n•·ohlcm). 
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1-.. ile_ 11 -1 record per ~one. 

Variable 

1 - zone ID 

2-5 l!!l employed r,es id en ts in ca eh incomt: group 

6 - AP ~ populat1on 

7 - TEPR - tot.:q. employcd residents 

8 - GQPS - Group quarters populatjon 

9 - AHU ~ hous.i.hg unjts 

J. O -™ - total ] ancJ arca 

11 .. AU - um1suable land 

12 - AAAB - land used for has ic employment 

13 - AAC ~ land used for conunerciol cmployment 

14 - GAAR - resiclential land 

15 ~ AAV - total useable land 

16 - A9 - streets and highways land 

17 - AVI - vacant land 

18 fo:}fP(I~4) - base year service employment 

y.'jle 1 ? - 1 record ner zonc. --· / 

1-9 - impcdance from each zone to each of the other zones 

File Lf - 1 record per zone. 1 
Variable 

1-3 - EHP- employment in tl:ree carcgc.ries, basic employmcnt forecast 

- MltB- basic land use 
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Carel 17 Format 5X, 3Fl0. O, FlO. 5 

Variable. 

1- EHF'R 2 - durruny variable 

2 - El-l:f:'R 3 - dwmny variFtble 

3 - E./\HPP-.0 - total servic~ employrncnt, target year 

1+ - PPI factor to incr0ase or dccrease total employment, used 
in policy tcstlng 

Card 18 - Format 5X, FlO. O 

Variable 

1 - PROPOP - total projectcd population 

Card 19- Forn1at 3Fl0.0 

Variable 

1 Total nw11bcr of Hork to home trips 

2 - Total number of ,.,ork to shop trips 

3 - 'rotal ntn11ber of home to shop trips 
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UdJall employment ;ontion h.1s frequen~ly H'CéiYed sf.on 
,fmf t 111 s•mulanun stud~es. A!• hough t"c la e k of eood d . .n.1 

1s l.trgc:ly rcspons1ble for thb. few attempt:. ha..,c bccu m.tde 
ro dt·veiop .1 mc..dcl framcwori.. whiíh m•ght l:dp ;pt.ufy 
v.har data werc rcqulrt:d. A rcYII!W of pno1 urban em¡'loy­

mt·m rnode111•g cffurrs •~ pre_~·:ntcd along Wil J. a cÍ;¡s;.lyu1g 

prll!crplc whid1 h!!lp> ro cl.mfy thc p•ublc•m, .1nd .1 

>truct un: for .1 ,-on•pr
1
chen>•ve rnodcl !> propth•!J AÍ r!n ... u!;h 

11 •; 110t hl..ely rho~r rl:c mude! can l>c nnplt·me!:tcd m rhc 
u.:.:r fut:•rl!, UI>Cil>\!011 o( the srruct!'rc ~.!11, l•op~fuliy, !c .• d 
to fnrlltr:r .tttcmpr~ to..1 rcsolve rhc probli·rns of w!.>dn 
empluymt nt for•·c:•~ung. 

TI,~ processcs wlnlh rcsult m the sp.HJ,t! 
dJstnbutJon of crnployment in urb.1n arcas are 
.1mon~ the more irnport<!nt phctlomcn;:. ill rhe 
urb,m sysrern. To date, wtth the poss!ble exc~pt1on 
o( the retad sector, attempts to expl1c1t!y dcscnbe 

rlu.:se pruli.!Sses have rarely been succ.e'istu1. Many 
arrcmpt~ Jt urban rnodelmg s1dcstep rhe i~sue Sy 
,1\~Umlllf?; thar rno~t or .dl urban cmp!oyment 
.!Ctlv:tv 1s determJned exogcnomly (to thc model). 
The I.).ISI~ for ~!11~ scraratiL>n i~ fre(¡uenrly not wcll 

dl·,•cloped, oft.:n be1ng thc rcsult oF Jntultlvt: 
t'ecl¡ng;\ of thc rnodl.!lbudder alJuut ba~IC Jnd 

llullb.bic crnpluyment clt.mlctcrtz;ttlúllS. Thi~ oirti­
clc rev1ew~ :1 'lumber of the rr.ore lmporLlllt 

inodeling attemprs and suggesrs some appropnJcc 

~rcp~ le.td1ng ro nnprovcd furccd~t1ng abJIJty. 
Tl1e .11 t1c!c 1s dJvlded 111to thrcc nLJin ~cct10ns. 

The !irst \CCtJ()n liJscussc~ the prob!cms of cb~­
~JfVIII~ cillpluyml.!nt types. Suc\1 ,, ci.J\~J(JcJtllm •s 

1111[-lLll tJll[ in OiSCUS'illlt; the adt'')Udcy OÍ l'XI~tlllg_ 
. llld proposcd mockls of employme11t locJt!o•1 .1nd 
growth. The sccond secr1un dl!>:.:!l~SI.!~ (''<'Sllll~ 

'llOdc\5 o( Jntraurb,ln crnployrncnC illCHIOII fo~ 
~'oth non rn;¡_rkct-~l.!!lsllivc empluy111ent .111d JrJ.lr­
kcr sc:n\ltJve ernploymcnt. T!u: tl1-rd sectJO'l 
de.,CJJtws .1 suggested new m ocle! 1lf Jr.tr.l u1 h.111 
employment locllJOP whic-h attcmpt~ ro Lomb,Jt: 

fcarures of existing rnodc!s. 

Classification of F.mployment Types 
A key dcclslu•l, usually madt: e.1rl)' in empluymem 
modehne; c(f'orts, :s thc detcnninatJon uF v.'IJJCII 
types o? ernplovment are ro be llldudcd 111 the 
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model, .1nd u( lJUw t;I{;Y are: t<) he !:antJied. 
Cons~tplco1tly, the qu.:c,tloJo uf empl•J)'f'll'W rypc~ 
~~ crn.cal: dep.:ndq:g on therr defll..tÍun~- SOIIJc 
sccturs m.ty he 111.1ppropriar.cly rno(k\¡•d or even 
cxc!udcd !rom cOIJ!.Jdcr.ltron. Many of thcse ci.J•,!.J­
fic:ltioll~ >tCIP f'n,!JI CLtollOIJ11C ba:.e t!H:nry .lll(i 

llllfllernem.ttion of econornH: o::~~e stud!e>, d!Jd l'> 

suth are dd.rnecl j¡: rcrmc, of th.:- iCJdu~try':, ourpul 

Althuugl1 t!11~ metl•od o!- Ll.i..,~JfJcc~tJnrr WJS Ljllll!;' 
o~t>prnpn,lrl' (or early atrempts tn mode! ur b.11· 
tll1Jl

1
0y'IPt:l1t beh,lVltll' d!Hl W:IS Cll:JII.!I)' CUibi~(Cill 

wJth mo~t oLher ccoPomic <tnaly•;c~. ,¡ mure r:~:­

<,rous ,tnd '"rllprt:hc:•~•vc clo~ssJf':.:dtiO!l (.,\IJ .1nd 

~l1ould be attclr!ptcd. Prcvwus cb~~~~ rLatJull~ h,J\'C 
,tlw hccn b,t<;Cd on ob~ervl.~(t locationa! lklrad~r­

l~r,cs élr 011 very spec1fic attribute~ of a g1ven sectuc 
111 a ¡;•ve!l area. Sur:h cl.Jss¡ficacions, whde oill 

•mprovement over tl,c earlrer eco!lornll b,t:,c 
s, i1ernes 111 ti1<H they are based on "rndt•~tfi.d" 
inrut cl,ar.JcterJ\tlCS, are st1ll somewll.H !l ~tllcted 

in ~cop(·. A nt.•w cl::~~slrlc.ttlon wouid be b.~~ctlun" 
rnurh Ilion· ~~enerJ!, though exp!icJtly dc~n:!wd, 
c.'l.oillllll.lrr(lll o( 'llput rt:quJrcmcrlt\. Tl11~ rnetl)()d, 
111 ei'fl'Lt, pruduce<; .1 L!a5~1r1cation G.1~ed un pro­

ductJon fund!Uil .. ttnhures wlnr.:h, iP tUl 'l, rci.Jrcs 
ro cl1e thcorc:tJc • .l consrruct on winch che mo(iL·i(s) 

~~ (.uc) b.l>l'd. Onc ~ulh schcme of empluym<.:nl 
cla%ific.lt ion 1s d:~cussed 111 Hami!ron er dl. ( 1 CJ66, 
pp. H-1 -l-31)), .wd anotl1er, ~nrncwhar dd'fercnt 
procedure is dLscu5sed 1n Rose ( 1 ')óR, p. :::-+ ). ¡\ 

rh11d SLhl'me, ha~cd (dwugh not l'Xplrcnly) 011 
t\J! fal'JilC~ !Ji prot~UCtiCP f'u,,~ tidll'> ,Jnd U! lllltl'd 

tow ,,-d ldtr.tnb.lll Jnalvse!. is d1scussed bcluw . 
lt' •t 1~ .t-.'!Jrn~d rh.tt o_-v~¡y en:pl<Jyn•<.Jt typt: 

IJJ,lY lw consH!t·rcd a~ p.:rfo¡ m11w, thru: prrnldl y 

.lCtiVltll'\' prl\Cllr!tr~; prULt.'SSII1~~; ;: ~~d dJ!>tr•hutlll):!; 
(1-foovel, 1 1)48), tht:n by cfulaCtt:IIZIIIg thr• w.1:" rll 

1Vh1ch the~c funcnom are F•:rierm~d by dr!ll'rl'lll 

types, ~ume bases for c!.tssili:-ar~on C:ll\ he,¡._., tvcd 
For l'X.Il!l)Jic, ccrt.nn types nf rc"1nufaccunn~ 111-
d!l~triL'\ '1 l.!l:u1ring bulky inputs (rrocurelll<'ll[~.) 
wflllh •• re best dehvered by ¡,¡ji cranspurt wril be 
'il-cly ro .!ocatc on d s1te ne;u a ;-,,JI tcrml!lal nr 
,•d1ng. TI¡,· n,,run· o( tht·se mdu~lrlt:<o' outpllts na.!) 

l l ' . ' ,- 1 1 
lt'lf\IIJC ,l( l ll!U11a· lacwrres., 'Or c:-:.unp•~. guo<. 



acccss to mam interctty h1ghways. Another type of 
m<~nuf.;ctur!llg 1ndustry, havmg much smaller 
(p 11ysJC.al) lllput requ¡rcments, m1ght be most 
Jn!luellccd by relat1ve c.t!>C of acccs~ to the local 
,, trport For prionty sh1pment of tts outputs. A 
rcscarch facdity whose pnmary mput was skdled 
:ahor m1ght tcnd to locate in a suburban arca 
convenlellt to the ernployecs' res1dences. 

The pnrnary . acttVJtiCS may be defined as 
(ollows· 

1. T!1c procurement aspect 1ncludes every­
rl11ng as~ocJated with obtaining ~he requ1red 
matenal 1npucs and gettmg thern to che 
loc.ltlon w!tere chev are to be uscd. 
2. T!1c proccssmg ~spect mcludes all che coses 
of pcrform1ng whatever proccssmg funct10n 
tl1e ernploymenc pcrforms. For example, 111 a 
manu 1.1ctunng sector 1t would lllclude coses 
of l.tnd, labor, and capnal for product1on. In a 
serv1ce ~cctor, 1t would includc the o;ame costs 
but would undoubtcdly be dommatcd by che 
labor cost. 
J Tite dJstnbutJon aspect mcludes all che coses 
assoc1ated w1th che sale and dehvery of the 
produce or function performed. 

TlliS classJfJcatJon scheme encompasses a wide 
vane~v o( factors: for example, avadabd!ty of 
!.tbor, c!t.: cost of w 1nch presumably mercases as 
th.: ~upply of 1t clecreases, and proxnnity to 
m,td,et~. which 1s 11nporcant to certa1n employ­

rnent tvpes bec,lUse consumer behav1or may d1ccacc 
h:~:~ l1l~tJtbution co~ts for a producc1on s1ce located 
!.1r from <~ rn,trb:t (t 11ac 1s, sec of consumers) whose 
mcmbas do not tr..tdic10nally travel far to obtain 
tts ~pcc1 ¡·,e produce. 

Th1~ cl.~~s1f1cat1on is developed under che fol­
low1ng cund1t1onal scacement: Jf a facil1cy (that 1s, 
a group o( cmployees) 1S CO be loc..tCed 1n a given 
urban arca, tlre11 these are the factors which wdl 
detLT•n1ne 1cs locattonal preference. A prel1m111ary 
c:.1~s1 f1c.ttton sc11erne may thus be clcvelopccl bascd 

u pon t he procurement-proccssJng-c!t~tnbutlllg 
tnchotomy. At the same cunc, for c.1ch crnpioy­
mcnt type, Jt is also necessJ.ry to cons1der whcthcr 
any or al! o( chese elernents of acttvlty are 
llltrmaiJmz locat1011 decerrn1nJ.nts. That 1s, to clas­
~1fy an ernployrnenc type accordmg to th1s scheme 
1t is f1r~t necessary to determme whether che 
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p.trt1c.u'ar a~pect of ernpioyment acc1v1cy (pro­
curemcnt~. process¡ng, or dJstnbution) is o( loc.t­
tlon.d J1npurt,1Jice; then 1t rnust be dctcrmllll:Ll 
·f tllcre .trt' ~ub-area dtffercnces wtrhin urban an;.t~ 
wh1ch w1l! a(fect che perFormJnce of th1s activtrv. 1 

A Review of f."xisting Modcl.\ 
The following dtscusston a~surnes th..tt the prub­

lern bemg addrcssed here 1s that of small drl'J 

mtraurb.tn ernployrnent locatJon and that cnyw1dc 
totals of each employmcnc cype are given. In 
acldJtiOn, it 1s assurned that w1thm the urban area, 
the sizc of che sub-arcas being cons1dercd 15 
rclatively srnall, being on che arder of ccnsus tro~cts. 
The first assumption has a subscant1al lmp<~ct on 
c!1c nature of che problem. By re~tnctJng che 
problem to nztraurban location, 1ntcrurban or 
111terrcg1onal cornpansons are obviated. That 1'>, 
rnany location dcc1s1ons cons1st f1rst o( selectlllg a 

reg1on or a metropolnan ctrea 111 wh1ch to locate, 

and then of selecting a spectf1c s1te wtthtn the 
chosen arca. The d1scussion prcsentecl here focuscs 
only on the latter pare of che problern. The f1rst 
part of che problem is an 1mport..tnt aspect of 
regional ernployrnent m~dels an~ ~~ dJscussec! 
el~cwhere (Putman, 1969, 1970). 

A rn.ost 1rnportant aspect of the proposcd 
employrnent classJfJcatJon scheme 1s che deterrn1na­
tion of 1ntraurb.111 d1Fferences wttl¡ rcgard to che 
d1scnbutton .1spcct. Th1s subset of che proposecl 

clas~1fic..tt1on scheme refers to thc locat1on uf 
'·markets" and the importance o( their loc.tcJon co 
che empioymenc sector be1ng cons!(lcrecl. Ex1!>ting 

rnodcls of urban employrnenc act1v1ty are frc­
quencly classified by che scccors wh1ch they 
attempt to rnodel, for example, retatl or rnanu· 
faccunng. The dtscussion above md1cates chat an 
alternat1ve cl.tss1ficacion of exJsclllg rnodels can be 
rnade by analyzmg che means by which they 
consider '·rnarkets." Given chis, tl1erc ,¡re sume 

employment types wlwse focatwn w1tlrin the 

urum1 are a wtf f !Je marf<et-Sell.\1 fll'e ull(/ SU Ir! L' 

wlzose location will t10t. In rnany urbJ.n rnoclldlllg 
efforts, chosc cypes whose JntraurbJ.n locatJon 
dccJS1ons are noc market-semttlve have becn 
tre..tted as bcing exogenously determmed. In a few 
c.a~es, atternpts havc been mac!e to model thc 

loc.monJI behavior of thesc types o, employmel•:. 
These atternpts have had sorne, .tlbelt lmuted, 
success but 111 al! cases they have req.Uired substan­
Cial addJt10nal work. 

In contrast co the few attempts at modeling 
non-market-sensitive locatton, there have hecn a 
number of attempts ca rnodcl rnarket-~elbttlve 
1mraurban employmenc locat1on. Emplnyn,ent 
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•_.Gil c..:..__!:..-~-~.(~ 

non-Jni:.trket-sensrnvc., ho\v~\.·er, ·N'}ft- cnq~~·d¿;v¡:d -,_s. 

berng nwrker ->en~ittve in cnhc1 S~L•dl!:, .f\.itho;.,~il 
rlr¡~ diil.:rence was somerim:::~ du<.· to ¡~rff:~rcnccs in 
gellgraphrc level o( clet.Ji!, in other case' lt w..t~ dLE' 
ro o.i:flercnces rn rnrcr~'retatrDn ur .-lSSumptror,s or 

bGrl· on che p.trt o{ thc mude!btllldcrs. Typ¡c;¡l!y 
t

1
1t:St' liJGdc!s develop llleasur:;s or the ''r·otentiaJ 

m.trkct" L)r tlh~ ·~ec.rnrs o( rntetesr in e.1ch suh-;1:-cc~ 
bt'l't~ CO'l~rderec!. The gro·..vtil uF e:.cL ~ecr,,, ''1 
c;¡~,.;l >uh-arc.,; ;:, then p:opo: uor,,d (v1.1 nor~' ot ! . .:~~ 
comp!<.'\ l"unctrun~ ~ to tht: 111.1ri-.er ¡)otentíd: 

~n~.l~:tre. A't'tough these rnodc 1 ~ 'IJ,IVC I'lec ~,~;¡r!; 
;re.Jtt'r ~ucu·~~. WiJl :, r~ nc·edt•(l IJtr• . .!<, •\el' 

MOOr:LS OF NON-MA.!<"'Ef-SFNSI l'!VE t.OCATION 

r-'¡r~r IC ITiUSt b,c' r~·cug-n1zed tl:,:t thc ll10dl· 1 ~ 
,1: .l u:.:.c:d i.L re ,trc. 'lüt nec,·~s;q·,l:r II'Jit i!!,.r kcr-SL'Ihl­

l'V<' "' ! ia·1r ronstnrch, 1;tt!:L!, t 1 1L'~.' ·lll' lt'll>ltkrcll 
by thc•!• duthurs to be CipJhk uf prDducin¡; 
Íur¡,·<.as~~ nf noP-mark::-t-scn:.JriVl' cmploymenc lu­
C.<t:on. 

Thcrc are severa! (~lSCUSSIOl!S or t lle deterl11lllanr, 

or lii[I'.IUr~J.lll p:.lnt dlld Lc.d,ty '·Jc .• rÍo:¡ '!o tllt· 
irter.ttur•: (Carn::r ·;nd Sc~Jrht(·r, 1 ()68; Mcfv1t".tll 

1965; Stcl.tnJak., 1 062; TowrrQe, 1 969). TiJt·w 
srLrdt.:~ W<.'rc• basJc,tl!y tmpll·ic,rl elfons to deter­

mine wh,tt factors locators cons1dercd l!Pportant rn 
. ma~i'l~ the location dcc•.;Jun. Along wtth other 
~:cud:L'\ of .t 3lmd.r·r narurc (Crcarncr, 1963; r.uchs, 
19ú2, Luttrc!!, 1962), ti1ey prov!de uscl'crllnform.¡­

tllJIJ lt·,,d '''g to the for :nation o( •TlOd(·ls, hut rlwy 
are not r!Jetllselves rnodt·ls of loc.HtotJ. 

A ~econd body o( liter,tture focu~c~ on v.urous 
m,!t

1
J...•marrc.d prugrctmm:ng tre,ttllll'llts uf che 

prob\·rn (Stevcns and Coughl111, 1959; Coor::r. 

1963; Lcfeber, 1958; Goldrn.In, 193:-:). Altl10ugh 
tht~-c .trtrc!es ¡Jiov1dc interestPl~ thcurl'nc.d f'r<~me 
work~ fot !>pecul.ttion, tite loss of re.1 1 1~rn lllé!lrrccl 

l)y l"urcing rhcm ro t"!t tite ~otrH::w!J.•t resrnc llVc' 

!•11e.tJ prugr.tlnmt•Jg form rn,¡l,c~ tltL·rn o¡1.:r,• 

cron.tlly u~cless. Goldman (1958
1 

p (J7) doc~ 1J<1l 

lt:>t tntrattrb,m loc.ttion forecastllll!: J~ une o( t!:L' 

pusst~)le uses of hi~ modcl. ~peC!f;·c,dly, the pr•' 1) 

lem~ herc ~re the rClJLilr:.:d lmeartty O( ll!Cdc! 
cguations and the rather ilmtted cun~;dc•.~r:olt 
ofluc.ntun deterrnir.ams other th;tn tr.t·,~p:>n co'r~ 

The l.trge~t cldsS of rntnurb,tn ~:n•uinvn;er,t 
modl·l~ ts r'har of elle "cotH'fiUuus funcr1r~n :¡Jl,¡, .t­

troil" mode!~ Thesc rnodel~. wlth !"ew exccpr10ns, 
havc pnm,H!ly market-sethlttve c.cn:>tlucts; ¡l,ey .:n: 

mentH>ned 1
1ere bec~u<.e they somt:Llrn;;s :nc!u,k 

non-mar~er-~ensttrve cmploym.:m typt's .ts \"eí' .~:> 
Tn.lrkct-sens~uve rype~. One exceprl<>" ts ::,t. 

LINTA rnodcl (5e,drr.cm, 196CJ, ?P- ~35-!Jf¡; 
21H 

tÍt..~vt·l )P·-t' to Ita~·{ ~ts~ tl¡e !oca~ 1nu of n1anuLh 

~d<Jllb c':ilploymcnt (\vhll !• !. predoillllldlltly lll•ll 

m,u ~t r ..,, .. ,•,¡trv~..) hy ·;n;;¡i¡ ~·r::;,, Th,.., rnudel (u-,r 

S~)l"'.'.id~ t h.; re:-~:on,tl f',l OV. íil l,tr.: of" .1 gtv::ll .lCtiV.Ity 

ova ,ti! ~L'b :IIL.t!.. Tl,'-·n, b.t;,c(i 0'1 ~uh-.trca.~pt'(tftc 
rnect~ures ,,f '·,¡nractJvene~.,," thc modclr,·,,lloc.lte, 

the gr')wtl, to ,ljf'(cn.:nt s•Jb-are.I:i in pr.>portHlll l<l 

tlH·iÍ :ltti,ILtiVc'IIC!><:. J\lc!>r.'Ut-1: te~tS .,' t!!l\ lliiHfcJ 

'A'Cre rnodcr;l~':!~' ~t..:-c~';·,rJ~, ![~ ln!~}, fcvr.:l ot ~ec­
ro;"¡ .tg~:IL'l!;,ltlull ,!rld lt'> Í:l.lb,::q• t(; UH!~idr:r 

di\trct·· (,cdl(y !,,~a· j,¡;, .1r:: lPIPUJ t,ll-!1 dc!'r<"H'IILI<:~. 
TIJ¡•, 1' n,llflcu~.trlv tll<.' é:¡•,¡· ~.,r urtj,lfl1•. 1',1tlil'> wl1erc 1 • 

J ¡
1

{.' l"CLil1GHliC dttr~bl~[l~::, (Chd( 1\, dc!ll'f H}11l,U1[~ of 

!_!rnwr 1
1! ol S'lb-.lrlé".t'> arl' -.,¡:fh..:·t:l't\· ,,,n,Ji,u .~~ ro 

l"l''>l1;, 1'' t
1
>t· m:1dl'l\ b('Jr.g ctp.th:l' of fure.:.t,tlng 

on!y ''n.t:' lt'!;"),¡¡- ch.tn~l''> rn ,di suh-.tn:a~ ~,tiJcr 
1 1 1 1 i ' 1 ,-tll,lll ( lt: l,ISCIC:lC lfrC:.!;ll•dt C·l.lll~e-, W'IIC 1 S!l 'l t.lll 

<JCCllr. 

Arlulitct C:~1iltlllt 1 ,.U~ (l!IICLJun ,d!uc,HIU!l modc' 
• J - · r , tit'Sl~'lCu spe•·'~Jcali)' .o¡· IL•recas~1ng 11011 m.u¡;er-
~emittvc ''mploy!P-•·t '" ¡\)_:rl;.¡moil\ BE,\10D. Tht-, 
rn.>dcl (fur whrcl> ,, u:·rnplecr' rec:,ntc.d d,:scnp[l(•ll 
,., nor o~v,:l_,bie) w.ts dcvcluped by rl1c B;rv Ate,¡ 
'l'r.rn~pí>rt.lrr,·n ~.;tuciy Cutnrn·~sr:);·, to pr<JVI(k b,"d< 
t·mp!uymcnr P1p~1ts to rih'lr PLlJ~,' ¡v>¡Hd.tt,nn .~,,._' 
nnnhJ.,'t unploytrlt-tlt rnodc! ( l3.ty r\r<.'a Tt.Jil'\por 

(.tt!Oil Swd y CnnJtlll·,~tun, l <)(¡,~ ). Ha~ed upun cer 

1:1111 .tttr:~>tJr''' uf t<~ch sub-dreal .t ~ecror lemp 1r,y 
fllL :Jt typt·) '·flcetflc 'iC:CJre ur t::clex rs c.lludared i"ur 

tht" ~uh-.ti('.J, W!t('!) cdi ~uh-;:,·e,t ~l.llfl'~ ''""l.' bl'Cil 
Lülllpurcd, ri¡e ll'gtul!Wllic giO\Vt!J ur decl!lll' f<.J 

l'.Jclt en,rluyrnl'nr typc 1~ ,·l!o('.ttcclLo tl11.: ~ub-.·rr.:.t~ 
,¡-; " fUI!CfllJI\ (,( thc "s..:urc'' ,tnd dVdti;J!J!t: J,md. 
EH.C.,~ .Ji'vl:ttloJI:; die h,lltd:t'.::l by repe<~ttilg the 

procl'dure wHh 1JHaid-Jeci ;,tnd .tV:lll;,bditte~ (Steven<, 

.111d \Vhe.tro•t, 1070, p. 3). Th" rnodcl pl<~h.tb!y 
~uf(el'> !"rurn tite ,,¡;;¡e prntJ!<:ill~ ,¡~ L!NTA. wltdt· 
pc1 ((lf!JIIIl~~ ',lii!ILWIJ.tt lktrer UVt:r .rll, but l..t l, 1JI 

pub!"ltccl duLurnent.ttiO!l 11~ake~ fu:-rhcr ev.tlu.ttiutt 
llll¡'< ,~ .. ihk. 

Tltt• E.rv1PJ R IC nwdel •s di:Ot l:er CU:ltl:tllou\ 

(ur!Cllc>Jl ,t!loc.ltlurt ntod,:l ( Hdi, 1 ')(,5). Ti11', rnodt•l 

1s ~w,d,,r 11: l''''IC.I!l!c to cl1.: L!h!T/\ mod!-1 (wl11ci, 
w;:o; .kvt·!l)pcc• l"r\l;n ti.•: Ef.t.PlRiC .n.d Pl·,:_: 
METF,IC mudd ef'í·ll·ts). f"h~ frvíP!RIC nwdd~ 
.:n•¡·,tru([ 1~ GlSCIISt··l bv !-'r:ltn ti,e tol!owlng v,;;1y 

]',¡e el,, 11¡;;e rn ;:j¡l. subre¿;liH~..l .>h<cté CJ( a 
l 1 • l t ' 

l.J<..~.tll'u •./Ln trtble ''' e .. H ~~ s~;¡,regt<.)l¡ i~ !Horur 

.,,,11,1: to Uilc. tit,- e k, 'lgt· !n t!tc >uL1; eg!;>n,d 
~L .• re n!" .:~1 ur 1.cr !t,C.Jtcd v,p·i,íhlc·~ 1 il ,¡,._: 
rl'gion. ~'}¡fl, r:'c cl1ang-c 1n t!:r !'ttbrt·grc~r~~i! 
,,'ltrr· uf .1 numbcr uf !llL:..tor ''o~rub!c~ 111 tl,e 
•,11br .·grr.p, .llld ti,r~·e. rl.c v.:lu._ ,1f rhe ~uG­
r,·gror;,tl .,;,,Jrt.:'> ,,¡- utl1cr !~ c .. tt\' v.truh!r_-, 
. J 1 1 1 1 p .... 

JUI Y l'J7~ 
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Tl1c comnll'llt~ rnJ(tc .tbove regard111g LINTA are 
t:L)l'·d!v .IDJ,IIc.Jble l1erc. 

T'IL' 1.(JL\VL'Ii>[CIIl rnodcl 

c1·•n 1 ,,,e~ .t trencl-b,J~ed .Jn,t!ysls of mdustnal 
'L'Ct• •r !.!' ''wri1 w1th1n d1~tr1cts 111 rhe [>I¡J!aclel­
l''"" rc~ll>ll w1th .111 ,d:ucatton technu:.¡uc 
;,,,..,l'll llll ¡l¡e attr.tctlvene~s of t:Jclt distr1ct 
1 ,.•., .. ve· ro al' or!1er dl'>trlctS in the reg1on for 
c.tc 1

1 I!Hiu'>trV under <..OmHicrarion. 

... tiiL Clll!C.tl notJon nf tl11s process IS thar lt 
a~cert.JIIl~ t 11e 11llp01tance of .1 number of 
!uc.lt•Pn.JI (lctermllld nt~ fur a vanetv of lndus­
tncs .1~ wc 1 ~ as thc Jvailabdity' of tltcse 
(~ncrmiJ1,1nto; 1n .t numbcr of are.t~. Tite arcas 
.1re r.tnked .tccorcl1ng to tite degrce ro wl11ch 
t ltL·v pu~ses~ tltesc ch.Jractcnsncs .1nd an 
.1pport·onrnent IS m.rdc. r Lowcn~tcm, 1967' 
pp. ~·6. ~ 

In t
11•s mode!, wi11Ch was never m.1clc oper.~troll,d, 

tite crnp 1ovrnenr types are two-clrgrt S.I.C. cl.1sseo;. 
The L¡uest1011 of SlllJUltaneous versus sc(¡ucntJ,d 
locat•or~ of d,ffercnt rndustry types 1s not dbcu~secl 
in tite rnodcl clescriptlon. !nste.1d, the problern 1s 

bypassed by assum1ng titar thc loc,ltlon of c.1ch 

mdustry wdl be 1ndcpendcnr of tite locatiOII of 

eaclt other industry. Each of the location factors 
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was wc1ghred accordmg to its 1mporrancc to the 

!ticJtlng 1ndusrry. The moclel dea!s with allocatlon 

of emp 1uyment 1ncrc.tses or decrc.Jsc~ as a conrin­
uous function alloc.Hion, .1nd thercfore thcrc 1s no 

comtra111t on rhe allucat1ons except that of ern­

ployment dcns1ty by sub-arca. The absencc of such 

,¡ constr,llnt prcsents the poss1bll1ty thar over 

longcr projccoon penods tlns moclel rnay forccast a 

U111form denmy by 1nclusrry typeo; as the prcdomi­

nant ch;¡ractenstlc of Industrial locat1on (alrhoug!1 
opcratiOll.JIIy tlns may never occur). There 1s no 

consrderat1on 1n the model of the possibilities of 

d1screte facdny location. The useful aspcct of th1s 

rnodcl construct is the list of factors 1t postulares 

.~~ 1nfluencing mtraurban mdustnal locat1on. 2 Al­

thougll 1t would not be useful to try to unplcmcnt 

tlns model, cons1derat1on of these locat1on factors 

for use 111 ,tnorhcr rnodel m1ght prove reward1ng. 

r n surnmary, some contmuous function allo­

catlon modcls are capablc of producing reasorí.tbly 

good forccasts of non-rnarkct-sens1t1ve employ­

ment locatron 111 sorne circumstances. Howcvcr, 

rhcy are unable to deal with discrete facrlny 

locatron. This inabd1ty is hkely to be a s1gnif1cant 

problem rn dcaling w1th non-market-sensltive crn­

ploymcnt types. When these modcls attem pt ro 
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forecast significant changes 111 th~- ioc,H.C:l :-J: 

non-rnarket-sensitive industry types, thcy an: open 

ro this cntic1sm. T1us, although tlocse modeis are 
capab!e c.f producmg reasonable forc.:casls t·o:· 

rnarl;.er sensitive ernplorment t}'pes, ;¡s v.,.IIl be 
d1scus~ed bclow, their cap:1biliry ro deal vmh 
non-mar kct-semJtive employr>1cnt is restticted ro 
!::ltuatlons •.vhere ncw or rc·locatmg f".!cdity location 

is u!1ltke!y to takc pL.1c.e <!nd wlll're growtil or 
decline (or both) are more or less regu~·trly 
d!<>tribur.et~.' 

Th<' mo~t promismg rnodels cf norJ-rnark<·t-~;cnsi­
trve locatio.1 appe:1~ to be thr.Jsc wl11ch atternpt to 

tol·ecast drscrete facdity iocatrons. A fcw such 
models have been devdoped, inc!ucling 01H: hy 
Goldberg (] 967 ). \ 

Goldberg descnbe~ h1s modcl in the fc!iow¡ng 
way: 

[Ir 1 functtor.s by tdentifying for ec.c!l m­
c!ustry group a set of location tacrnrs It needs 

!'il. 

in iindtn,! a SlcC. F·.1~ cac~1 fÍte (in che case ,n 

hand fo;- Cdch cer.~~.:s trJct) tlle factors are 
measur.::d and added teo¡~ether to givt' ,1 scon: 
for each cen:>us tract fot e.1ch indusuy group 
The trc~cr w:ch the highest score for ;¡ g1vcn 
1ndustry gwup reccn,-es ::¡ un!C of Clllf'!oyrnent. 
The sc(¡re:; are then :.~sual!y reca!culated and 
~he alluc<~tton cGntim,es ~s ;•bovc u¡;rd a 1: 
?IO_wcred emrloym~.:nr ts a:loc.!L'l!. 1 1'· 1 .1 

In tlns rnod.el the er.1ploymenc dtsst:s ,lrc twu-(\:tL 

S.l.C . .:lasses aggt·cgated ;ntr) :i'X rn¡¡¡,u(tc..turrng 
subgroups. One or tl1e pr .>t·.leJ~lS of this type of 
modcl ~:> rrs scquemial, r:!ther th..tn ~llnultaneou~, 
treatrne•1t of ·nl~Ustry íoc;r.Jor,. lrt tLJ.> m~nll!l 
rh~.: problern 1s ~~d(•stepfoed by group1ng tite in­

dustry types 111 ~uch d \V.ty th,lt :1 diff'ercnt set of 

rdevam locatJOn Lictors (ot a cota! sct) can be 

def•ned fo1 e,;~ch. This avo1ds thc prohlcr11 of 
compe~JtJOn between sector~ by prcclud:ng 1t. Ar 
tl1c ~ame time, lt vitiates tht- need tn we1ght tht: 
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locat1on factors because only che "relevant" fac­
tors are considered in any case. The model does not 
prov1Je for welgiltlng of these factors, however. 
The rnost senouc; problem w1th che model con­
struct 1s ics unn of al!ocanon. When there is a 
pred 1cced reg10nwide in crease in a given employ­
ment type, che model allocates thts increase co 
sub-arcas m che region in clumps called "unlts of 
emp:oyment." Eacl1 untt is equal co che average 
fac'ny s1ze for that type employment in che 
regwn. This mechad of allocation represents a 
relative'y unsacisfaccory compro~ise becween con­
tmuous function allocacion (thac is, any number of 
emplovees of a given cype co a sub-area) and 
dtscrete fac1licy ;ocacion (that is, locac10n of 
discrcte fact!ities ;n a sub-area according co a 
l,:nown size distnburion). This compromisc is un­
satisfact(•ry for two reasons. First, from che point 
of v1ew of t 11eory, che modcl considers locatton 
frorn an allocattve (thac is, continuous function 
a1locac10n) scandpoint m calculacing "trace" scores, 
but then adopts a location (thac 1s, d1screte facibty 
locat10n) standpoint by using clumps of employ­
ment (sorne of which might be quite large) as tl-¡e 
unir of allocation. Second, from a practica! pomt 
of VIew, che "lumpy" allocations of employmenc 
which could result from chis mechad may well 
force- heavy re~iance on arbltrary scaling or 
smooching proceclures in arder co produce reason­
able re~u •.s. 

Fm.t!!y, chis model deals with employment 
decreases in a rac\1er peculiar fashion. The region­
wJde percencage dccrease for a g1ven emp!oyment 
tvpe b multiphed by 1.2 (thac is, 120 percent), and 
a cont111uous funccion allocacion of chis decrease is 
macle, w~ere che function used is a total acnvity 
dcnstty Index, we!ghted by che specific employ­
ment rypes, of che sub-area. An excess decrease of 
20 percenc results from che above. This excess is 
then ;¡lJocated back toche sub-arcas as a 20 percenc 
regiOnwllle mcrease of chat employmenc type. This 
procedure 1mphes chat chose sub-arcas which 
wou 1u grow the most tf a region's employment of a 
given rvpe were grow:ng are also c11e ones chat, If 
t:1e re~Ion's emp!oymenc of that rype were de­
c:ímn!!, would declme che leasc. Aichough chis is a 
reason.tb:e .assumption, che docurnent.won of che 
rnodel 1s unclear as to why thts particular proce­
dure w.1s adopted. Despice these shortcomings, 
sorne of which stem pnmarily from data inade­
quacies, che model has been made operacional and 
has produced reasonable forecascs that have been 
used as a pare of che Bay Arca Simulatton Study 
!RA'-'S, For these reasons, further and more 
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detailed eval uation of this model is juscif1ed. 
Another dtscrete facility location model, Put-

man's !NIMP model, 

uses an allocacion procedure for distnbutmg ;¡ 

portian of projecred cttywide cm ployment 
changes (positive or negative) among existlng 
fact!iues and, upon reachtng certain critica! 
va'ues of che magnitudes of allocated in­
creases or decreases, swttches to a locatton 
techmque for che addttion or deletton of 
faciltties comprising che remainders of che 
citywide projectJons. fPutman, 1967, 
p. 203.1 

!n this model, too, che employment tyoes were 
..:wo-digtt S.f.C. classes. The areal unit was the 
census tract 

The allocanon portian of the model 1s a simplt 
continuous function allocation procedure. Jncre.Jse, 
or decreases dealt wtth in the allocation portion o' 
che mode! are proporcional to the portian of rh, 
City's employment of each type in cach area. 
Although chis procedure produce'> reasonable re­
sults when che model is used, it is definitely .¡ 

weakness of the model. This portian of the rnodel 
ceases to function after certain capacity comtraints 
m terms of S.I.C. specific levels of employmenc 
densay have been met. 

The location portton of the model, wh1ch cake~ 
over when che capacicy constramcs are exceeded, 
!acates clumps of new employmenc in arcas ac­
cording to a set of measures wh1ch Indicare the 
!ike1y preference of the mdustry for che area, basecl 
upon ~nown pase location behavior. The size of 
chese clumps is decermmed stochast1cally frorn che 
prior distribution of facility sizes for each mdustry. 
Location of clumps of employmenc-decrease oc­
curs when che cicywide percentage decline of a 
parttcular industry reaches certain magnitudes 
ca!led "sh utdown percencages." When th is occurs, 
faciltries are selected stochascically for deletion, 
dependmg upon che magmtude of the percencage 
decrease. Again, in che discussion of che model no 
mention is made of che quesrion of sequenri,t! 
versus SJmultaneous !ocation. Another weakness of 
che model is that it follows a seguential (by S.I.C. 
number) location procedure. 

The flexibtltty of chis model construct 1s greater 
than che f1exibility of other constructs. As a 
consequence, however, it is sigmftcantly more 
difficult to estabhsh che parameter values (for 
example, capacity levels and shurdown percen­
tages) for tlm model. In addition, che model uses 

only four measures of arca unit accepcability. Th1s 
number should probably be increased. Desp!te 
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chese Luhngs, the rnodel lS .:onceptu~lly qu1u· 

complete ,tnd offers stgmftL,tnt promt~e for futurc 
clcvelopment. 

The Rose model, 

rather than analyzmg only the net change tn 
t!mployment m a zone, attempt 1:.1 tG cxplatn 
that clldnge speciflcally 111 terms of Jts com­
ponents: nac~ral growth of extstmg ftrms, 
''death" and '"btrth'' of firms and movcmcnt 
ol fírms within the region. 

. : . Only "btrths" and '·moves" are locatton­
ally rclevant decis10ns-stzc changes (mcludmg 
.:deaths"') are a functlon of thc 1ndustri:tl 
""clt!n.tte" uf the n.:gton, the cypc of industry, 
che stze o[ che firm-wtth few exccpttons (e.g. 
Urb.•n Rcnewal) che charactenstics of the 
!oCJttuns havel litt!e ro do with thc bcl•avtoc 
of loc.ttlunally Stdttc firms. rRo~e. J967, 
pp. 5-6: 

Thc employment secrors used m tl.ts model, " 
t~t.li of rtfry, are approximately the same ,ts those 
del1nc:ated 111 che nattonal tnput-outpnt tables. 
Although the modcl ts not descnbed in an opna­
tion:.tl i"onn, it appeats to artempt s1mul~ancous 
loc1t1ort. In a l.ltcr document (Rose, 1968) r!te 
alloc.1tion portian of the model 1s descnbcd as .t 

ltnl'.tr programm111g formulatton. Howcvcr, che 
number of sectors (fifty) and che number of .arca! 
untts (647) mdteate th..tt operat10na! stmultane1ty 
m thts model m.ty be very nearly imposstble. 

l n t l11s m ocle! all employment Corecasts are 
trcared .1~ dt~crete fdcrltry lot.attons. Of partrcuiJr 
tntcrl'~t ~~ thc rncans by wluch the Ctcilrues tu be 
loc.ltl'd .trc gcneratcd. Ftrst, b.-1scd upon rcg10n.d 
emplnymenc proJCCttons and the base-year ftrm 
sJzc dt~trtbut,ions, regtonal prüJCCtton~ of the ftrm 
s1ze dt~tnbution are m.-1de. The base-ye..tr ftrrn ~1ze 
t!isrnbur1on is thcn "aged" vta a Markuv proce~s. 3 

yteldrn~ ,111 updated ftrm srze d1stnburion. Tite 
dtffl'rcnce berwccn thts drstnbutlun .1nd tite cxog­
cnous regtonal pr'>Jectton rs rlre e~ttmatc of frrm~ 
which were ''burn" or whtch ''dtcd" durP1g rhc 
pertod. f f the data and mocJeJ COII~t!UCt WCfl' 

.tv.tti.Jblc, ftrms makmg tntra-arcJ rnovements 
wou~,i be esttmared !tete also. Titen, Vtd c1 m.tt'Je­
m.lt'L,d progr.tmm;n~>; algortthm, thc ltew 01 rc­

loc,ttl'lg !"trms ..tre .tllucatcr~ to zorw~ 

A:rllllue-h th1s rnodel rs nut c!c~cnbed tn .111 

opcr.Jttun~;) furm, ,tnd .tppeMs to havc only discrctc 
f.tcdtty loc,ltiOII (t~ldt IS, 110 COiitlllUOLIS function 
:tJloL,l!ton of even ~rnall employrnenr ltlcrtmenr~). 
rhe ¡,:,." of L1cl:1ty ·•brrth" and '·dcath" vi.1 " 
VIJrkuv rrocc~s 1~ worth C011SJGCrtng ,¡•; an arc,t Íor 
future n:scarc 11. 
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Thc em91r Jt.ai srud1e•, of markct-~cnsic1vc locHJun, 
.tn,doe;o~rs to emptrtc.1l !>tudtcs of non-m,trket-scn~t 
ttvc l~catton, h<~vc often h<..en ~tudlt.:!> of ~hupprn¡; 
ccntcr loc.tttons. Lr~c tite s~rnd.tr non-marker-sctt~l 

ttve loc.ltton studtcs, thcsc crnpirrc.tl ~tudte!> pro 
vtde mforrnatron whtLh 1!> useful rn tite devefop­
ment of moclels. but thcy art.: not rhermc!vc~ 
modt>ls. 

Thc de\clupmt:H of norrnat;vc 111LH.-Icls of mar­
ket-sensttive ]oc<JtiOn wa~ 011C of tJ1c ..:arJiest tapies 
o[ qudntltative spat1al cconomic~ (Hotclling, 1952. 
Lo5ch, 1967 ). Howcver, as was t!Jt: ca~e Wttlt 
norm.;tt\'e (for exampL:, mathcm.trical pru­
gramrnlllf!;) mudcls of nun-rnarb:t-~cnslttve lo­
catlon, nurm.!ttvc models of m.lrkt·t-sensitrve loc.t­
tton are too restncttve rn thetr ,t5<:umptlon~ or d.tt.t 
rcyuiremcnts or botlt w be of any practica! use 111 

cite ne,tr future. 
Virtually ..tll cxisc1ng opc1ational or potenrwlly 

opcr.ttiona! models of market-scn:.Jtive loc,ltJOil are 
continuous function allocauon models. F11ture 
progres5 111 tlns arca is rno~t l!kely to come from 
further develupment of onc or more of ri1e~e 
models. A~ many of the~e model> are rather strnd.tr 
111 thetr theorertcal constructs, rhe revrcws wiPch 
fo!low attcmpt to cover tite principal construcrs 
rathcr than to de~crrbe ,d! sucli models. 

The retad market potenttal modc! (Lakshman.~n 
and Hansen, 1965) ts b..1~cd on the prcmr~e th.lt t!Je 
stzc Jnd numbcr of ret:Jtl c:stabltshments 111 an are.t 
rs d funct10n of tite numbcr of consumer~ J~ 
rcpresented by the rn,tgnttudc uf thl'tr retJtl expen 
dtrures. Thts rnodcl 1~ descended from an earltl't 
one (Ldkshm.¡nan, !1)65) and has as tts ccnrr.~: 
tlteoretrcal construcr .1 me.tsure of market potellttd~ 
dertved from tite tracltrional gr.tvity mude! cotl· 
struct (Huff, 1')(>2). This comtruct, in thc word~ of 
thc .tutlJUr~, st.tte!> th,tt 

che rer,¡J! center of zone 1 attraccs consurner 
du!lJrs ( frorn consumcrs fr~m1 :tone i) 

a) 111 d 1rcct propon 1011 ro t !te con su m er 
expcndtturcs 
b) 111 dtn•cc prup"' tt{Jn to lb stze 
e) 111 tnvcr~L' prnporttl)ll ro distance t<) tite 
e o 11 su m e r~ 
d) 1'1 l!lVLTSC p1oportion lO LI.Hllpetlt!UII. 

!L.tksh!l1.1tl.lll a11d H.tn~en, 1965, p. 135.~ 

AlthoL'glt the nwdel consm:c.t implrctt!y a~­
sul!lc~ rlt.tt tlu: locdt'on of rct.nl actrvtry tS c:<.ter­
ll11lled ~ole!y by rhc above rnarkct potcntial lunc­
tion, tt dol'~ produce re.¡son,tblv good forl'c.t~t~. 
Two tmportant :.:on~tdcr;:tíüll'> Me omttrcd fror11 
thc motkl, however. l':rsr, rh.:rc are orher 111-

Al!' JOUnNAL JU! Y l'•n 



... ~·1~ 

1 
' 
( 
~ . ' 

-'· 

i 

fluences un retad acrivtry locat1on (tor example, 

,1cccs~1bdttV to rnarket<> a11d sourccs of supply, .111d 
con~llln,tttdns of l.tnd dVatLlbdtty and cose) titar 
wtl: c.tu~c. luc.ttton devJ,trtons from those torc­

casted bv che above construct. Such f<~ctors shou_ld 
be tncluded tn a re.dt~tlC moclcl of retad actJVJty 

loc.Hton. Scconcl, and perhaps ot less irnporta11ce 111 

alrcady developcd areds, is the quest1011 ot rnm­

Jrnum Ltctltty s1ze. That 1s, ccrta111 types ot 
m.nkct-scn~Jt;ve JCt1VIttes have important scale 

economv cun~1c1erdt1nns thar wdl dtct.lte rni111murn 
SIZt"~ lt>r new f.~ctl1t1c~. ,Future modcls ot ret,ltl 
,tc.ttvttv !uc.ttJon ~ltuuld mclude thc~c consldcr,J­

tlons. 
Tite EMPI RIC model (Hdl, 1965 ), d1scussed 

above 111 che secc1on 011 models ot non-marker-
1 

senstttve luccltlon, 1s also a model ot mJrket-sC11SI-

tlve location. The sets of vanables atfectmg lo­

Cdtion restcd m thc model were: 

Set 1: Jntensltles ot land use (densitJes), 
zon1ng practtces, and automobde acces­
s1b•11ttl'S (w1th1n che region); 

Set 11: -;,une el!> Ser 1 plus rrans1t accessibd1-
r 1L'~ 

Ser 11!: same as Set 11 
SL'rV1CC and llUJitty 
~ervtce. 

plus l]Ualny ot water 
of sew,¡gc di-;po~al 

The rL·su~ts of the caltbration tests of the model 

were llll1te acceprablc, and the mude! may bt: 

cons1d ncd as .t n .tccepta ble, opera t1ona 1, fore­

castlng tL·chntque, subjecr ro the rc~rnct1ons men­
ttonel! .tbove. 

T;1c H.trrts retad trade model (1964) was devel­

opL·d a~ a component of the Penn Jersey Acttvitte~ 
Alloc.tt1o11 ,\!1odcl. Derived from sc!ecred port1ons 

1 ' 1 1 1 _j 1 ' 
l' CL'll~1,t. D .• tcc t 1eory, t 1e moue• arrcmpts to 
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descnbc tite eL¡ut!Jbrium wl11ch rcsulr~ from t1,l­

~upply of good!> .1nd serv1ccs, the dern,111d for them, 

and rhe p<~ttern(s) of 11ltcractton bctween thcm. 

Thc modc! 

works 111 the followmg way. G1ven tl1c 
locat1on of dcmanc! anc! ,¡ny sct ot 11lteracttoll 
p.trameters, a computer program 1~ provtcled 
wtth .1 prel1minc~ry estunJte of the locnion of 
supply. Thc 1nteract1on formulas ,1re rilen 
appl1ed .111d rc!>ult 111 a hyporhet1cal set of 
",:¡rnv,ll'>" .tt the supoly polllts. 

... thc result uf tlns f1r~r esr1mate of "arn­
vals" 1s substltuted tor the ong1nal hypothcsts 
as ro the distnburion of supply, all(l the 
process 1s reJteratecl. [Harns, 1 964. p. 6.! 

Although acceptable torecastmg resulrs have bcen 

obramed from dns moclel, the cstimation of ns 

parameters (which may be lllgl,ly coll1near) is mure 

dJff¡culr thJn usual. Thercfore, the model cannot 

be cons1dercd ro be a truly prdCtlcdl forecc~stlng 
dev1ce. les expltclt consJdcratJon ot supply .1 nc1 

dem.tnd cL¡udtbnum 1s, howcver, unillllt' ,1nd 

should be constdcrcd tor future devclopmenf. 

The Lowry moclel ( 1964 ), ,¡s well a-. 1ts denv<~­

tlves (for ex.unple, Crecine, 1964 ), cons1ders tlle 

lnc.tt1oll of f11,trket-sensJtivc employment ~nnu!r.t­
ncou-;ly wtth rhe locat1on of popu!atlon. Th1~ mode' 

1s .d!>o a marker potcntld~ modcl, bur the formula­

non of rhc conccpr 1'> sornewh.tt d1ffcrcnr. Lowrv 

de~cnbes 1t dS follows· 

The chstnbution of this retad empluyme1" 
among rhc ... traces dcpcnds on the strengrlt 
of the m.1rket at each locdtion. Assummg th,u 
<>hoppmg tnps onginatc Ctther trom !tomes or 
from workplaces, the m¡¡rket potentt,tl ut" o~ny 
gtven locatlon can be deítned. as a Wt.;tghtcd 
tndex of che numbers of households 111 rhe 
~urrounding arcas, and the number of persons 
ern oloyed ncarby. [ 1964. p. ! U.: 

Th1s model, roo, 1s capablc of produc1ng acceprab!c 

furec.t!>ts, <~nd ltS parameters havc been successfullv 

estllnJtecl for severa! dtffcrent .trc,ts. Thc model JS 

.tn operatlon.¡J forccastmg techntL]Ue. 

The B<~y Area Stmulatton Srudy developcd 

~ever,d cunr1nuous funct1on allocation models tu 

deal wal1 rnarket-sensttJve cmployment of diíferenr 

~ypcs (Centcr for ReJI Esrate and Econom1cs, 

1968, pp. 179-234 ). In detcrrnming allocat1on oí 

ret.ul tr.1de employment, an estimare 1s made of 

s1te suttdbtliry as a funcr10n ot site attnbutes 

(mcludtng dCCessJbil1ties). Expected rerail tradc 

dcrnand 1~ developecl from a s1mple market poten­

ttdl exprcss10n. Thc expected demJnd 1s comp.tred 

ro the actual demand (existing employment) ro 
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estímate pott:ntlal "new'' demand. Fm;11ly. ,¡ :eb­
tive attrJCtlvencss index based on d combiílauon of 
s:te sunab1 1!tY and potentlal ''•tew" demand 1s 
calcuiJted. Retad trade employmcnt 1s then allo­
c,ttccl 111 proportion to cacl1 ~ub-.~rca's reLI[Ivc 
attractlvcncs:-. Servtccs emp!oymc'lt 1!> ,t!locarecl 111 
proportlon to a rcLitive attractiveness index allll 
che population percentage 111 e.~ch sub-area. F!­
nance and gove~nment employrnents ;tre .1ilocatcd 
by a functton of rast ernpJoyrncnr and populatiOil. 
Cuntract constructton 1s alloc<ttcd 111 proportJon to 
new lwu~es .t Pd llL'W employment in a!! othcr 

~cctor!>. 

Thesc BASS employrnent subrnodels represcnt 
opcrJtton.t! but h1ghty emptncal continuous func­
tlon a \locJ tion proced u res For Íorec,1st 1 ng t he 
locatton of mark~t-sensttive employrnent. lt would 
be de31rable to try to develop a more general, less 
ernplrical, rype of oroc.edurc to mJkc these fore­

casc:;. 
Th us. t he re a re con t! n uous fu nctlüli allocat•on 

models which produce qu:te a.:ceptJhlt> ÍorC:ca::;ts 

of fll.trket-scnsitl.ve iocat1on. A!' bur cwo ot' thes'.!, 
1,owever, ornrt con~idc'r.ttlor. of sca~e economit:s. 
Tllt: Lowry morlel com1ders tht:m 111 ,¡ rather crude 
Í.t~li!Oil, and the Harn~ mod..:l constders thern 
explrcJtly. Although the omissron oí sc.tle econo-
1!11es IS not a crrtically important fJi!111g, such 
economie~ should be cons1dercd 1n future model­
buildtng efforts. A more important problem is thJt 
rn.tny of the:-e models rnclucle non-m,trkct-sensrttvt: 

ernployment acttv:tres, such as olftce ernploymem, 
1 1 • .trnong 1'1ar,.;:et-sen~ltrve cmp.oymcnt acttvltres 

Thi!> problcm rcnects b,tck to tht: classiíicatiOII 
tju<.:stlf,n posed e<~rlter. For cert.llll cmploymenr 
c!.t~~t:~ thc~e models J ppear to be quite Jdequate. 
For ucher classes, other rnodel~ .trc necess;¡ry. Thus 
a modl.'l for forecasr111g al! cmployrnt'llt types wdl 
have to be capable oí horh corHinuous funct10n 
,¡llocJtlun and dtscrete facdtty !ocJtion. lt wt!l also 

have to be able to determine wlllch proccdnrc i~ 
approNIJtC under wl1at circurnstance\. 

A Su.rz~teHed lntraurban F.mployme11t A1odel 
Based trpon the wurk wh1ch ha~ bc:en clone tu c1.ttl 
(nlllch of wh1ch h.1~ becn rev1ewed .d.JOvc;, It .~ 

poss1blc to describe the gener.t! structure uf a 

mudcl wl11ch should be capablc of proclucm~ 

reltab!e and accurate Íoreca:-ts of vJrtuJl!y ail 
intraurban emplovment distrrburwn with the orm-

• l 

ctpal exceptton o( ·'untque loc.ttors." These are 

fdct!lties whose locatton rs largely determined by: 
(a) publtc poltcy (for examplt:, large govemment 
Í.tciiltles); (b) privare pol1cy ha·;ing mo:e to do 

wtr!l ~~~tcr•l<~l eco•w•ntcs wllich an; on!y Vd~IIL 'v 
dctl:rmint:d by e:-:tern:d f.¡uCJrs; ((._) spcual re(¡u¡rc 
mcnts ~uch ;::- nvers or land, (for exarnple; .tll­

port~)- Any f.tct!ny whu~e pl.umed loc.HII>Il !~ 

i-.11uwn .111d wlnch ·w1!: Gc l'occitcd rrre~pt:UIVL' uf 

the rnu(:cl's forec.tst~ i~ ,tlso ,¡ "ullll!llt: l()C,It<H " 

Any mut!t:l uf Jni:r.lllrban emp!uyrnent mu~t he 
_c.lp.tblc uÍ acc..:pttng prt:specJfied UlliL!lll' loL,ttor\ 
J~ p.1rt u( ItS iPpur. 

le 1s ftrsr nccco.!>.try ro defme whJt ts llll'.t rtt ],y 
tJc dntes .111d frrrn!>. The f.tciltry !!fe cydc wnccpr 
1!> •Ptrotluccd tn rl1c Rose 1110del. No J·~!lncti<Jll ·~ 
rn,tllt: tflerL· bt'tWCCil a (trrn\ !Jfe cydc \¡,¡suJ 011 lt~ 

prot'ttabJl¡¡y, ,wd a facdtt y (tll;H ts, pwductivc 
f.tciiiL)') ltfc cycle based on agmg and ch.tngc!> 111 rl1e 

relcvam production rcclmo!ogy. Thc Ro~e llllldt:l 
t!npl!cltly Jssurne~. thererO!e, rhat tite lite cyclc~ ut' 
vr,¡~'lt: (•rm<; and usab!e facdtties exactly cuiiiC!de. 
!n the fo! 1owmg di\CUSSIUil, Írrms .trt: del llll'll .~~ 

grour~ uf employees. Such grc,ups m.• y be IndL"pt.:!l­
Llcnt bm1nes~ ..:ntlties or divrsions (branch ul f1cc~) 
oí bu'!PL':>> enta1e;.. The structu;l'~ wiJtch tilt y 
OCLliPY wlttle do•n~ thetr JObs are faciiJt i:!s. ~¡·J¡L. 
mode! c.omtruu propo~ed helow attl·mpts w dl'.tl 
wJth tlm problc:m 

The model comtruct would bcgin by !>L'par,Jttng 
m,lrkct-sensitive all(l non-mJrket-scnsittve cmpluy­

mem sectors as dtscussed above. f-or botlt oí tlit':>e, 
tl1e mude! woulcl be furrhcr d1vidcd 1nto .111 

dJJLJCatÍVL ,t:Ct!Oll for growth Or decline oÍ l'XI~(IIlg 

Íirm~ and d loc.tung section for brrth ur dc.tt!J 
(lllclut!In~ relocttlon) of cliscretc (acihtie:-. 

GHOWTII OR llbCLINE OF EXISTING I·IH.M~ 

One of the detcrminant~ oí growtll or dccltnc o! .111 
exr3tll1~ firrn tn J parttcuL¡r areJ 1s the •·el.luve 
adv,Jiltd[SC or a\<;Jdvantage 111 procurCITICIIt th;tt tiJe 
<tfl:,l off't:rs the Í1rm. Thc mea:;ure•nent of procnrc­
ment JdvJntarrc presents the problem of detcr-

o ' 
mintng the source (5e0graphic .ts well as sectoral) 
oí thc fmn's rcyutred 1npur~. Determination of thc 
~t·ctorJ! source of tnpm:., wl,de d,fl,cult, may oÍtc:n 
DL' rnade. ( 1) by a:-~lllilillg tlldt nattonal or regJu11,1 1 

llljlUt-nutput COC(jKICilt~. ¡( Jvadable, Jw!d in tite 

spec1Íic urban M<',I: (2) by .tpplytng or aL: 11pt111g 
!oc,t! lllPL'r-output studtes, wl!crL avJd"blt', ur 
1)) by cunducttng spec1,d ~nrveys. Dctnrnm.ttlun 
oi' che gl'ogr;¡plt1c :-uu.-ce t:i a d;fferellt m<~tter 111 
t !J.t e t 11c: a s:-um pc1on o f nattuna 1 tb t.t ( 1f a 11 y) ts nut 
relcvant. lt must ftr~t he determmcd whether tnput~ 
come from Wltltlll or ouu.lde of the urb,llr ,irt:,i 
Tl11S woultl have to be do;¡e eirltcr bv spc:c1.tl 
survey or by rather gro!>s a~~;urnptions. (p v1ew of 
tite expeme uf spect.!l ~utve 1 .•,, lt t,. 1ikcly that tht~ 
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prob!em will be n:solved by assumption. An 
.1ssumprion that is too general can be avoided in 
the to',!owing manner. Because the guestion is one 
of refatrPé advantage of aJternative tntraurban 
sub-arcas, lt is not difficult to develop any of 
severa! types of accessibdtty measures to intra­
urban sources of inputs. Externa! sources can be 
dealt wtth underany of the following assumptions: 
(1) cl1at no urban sub-area has any advantage 
vts-a-vl~ any other for obtaimng mputs from 
~ource~ geographically externa! to the whole urban 
arca (the least sat!Sfactory assumption); (2) that 
most such externally procured inputs enter rhe 
urbJ.n .trea through J. small number of points (for 
exanip\:, highway interchanges or transportation 
r'errri.tnJ's) and conseguént~y a measure of mtra­
urb~n .tdvJ.ntage (accesstbt!Itv) can be constructed 

1 ' 
u~tr~g only thcse pomts to represent al! externa! 
sources, or (3) that maJar externa! sources may be 
tderltlft.tble and specif1c access measures from these 
sources to intraurban sub-areas can be constructed. 
Ir is ltkt:ly that sorne combination of the second 
and t~11rd alternatives would be more than acle­
guate for modelmg purposes and would therefore 
alluw t!te deve!upment of measures of procurement 
advantage or d1sadvantage. 

;-.Jext tt is necessary to develop measures of 
processing advantage or dtsadvantage. Both physi­
cal i'.tctors (plant and equipment), as well as labor 
constderations, are relevant here. One non!abor 
cornponcnt of processmg cost is tax expense 

resulrmg from· land and b~ilding values. This 
component might be represented by a measure of 
assessed value (as a surrogate for the usua!'y 
unav.u'ab'e sales value) of p!ant and property per 
crnp!Pyee, a 1though even wtthm·gtven urban areas 
rlu:re J.rc l1kely to be anomalous vanattons 111 
.~~~e%lncnt practlces. One other possibdtty ts an 
:nvc~ttg.tC~on of cquahzed tax rates as a surrogate 
van..~blc. Thts same variable could also be a 
~urrogatc for land cost. Anot 11er measure, represen-. 
tattve uf certam attnbutes of older (obsolete) plant 
.1ncl cquipment, should be developed. (Such aten­
buces may or may not be desirab!e, dependmg on 
che rype of employment.) For example, an age-of­
srructurc tndcx c..tn be calculated for each sub-arca 
and rnt~ht be mdtcattve of such coses. Alterna­
ttvely, t!Jc s.tme phenomenon mtght be represented 
m terms of structure-area to Stte-area rattos w;1tch 
would be indicattve of age of structures, that 
:~, of olc!er, per!1aps multtple-story or crowded 
buddmgs. lt ts un!tkely that variables whtch dt­
rectly rneasure the phenomena of tnterest here wdl 
be readJ!y avadable. lndJces or measures of relative 
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advantage of one sub-area vis-a-vis th.c othcrs Jrt: 
what ts destrcd, however. Thercfore, tite u~e of 
vanous surrogate measures ts a rca~onabl.: 
approach. 

The availabtlity of the appropnate labor force 1s 
the most tmportant consideration m mea~unng 

processmg advantage wtth regard to labor. Ftrst lt 
1s necessary to know what types of labor force are 
appropnatc. G1ven this knowiedge, addtt!Onaltnfor­
matwn asto the magnitude and spat1al dismbutton 
of the labor force wdl allow developmcnt of 
measures of accessibt!tty. If the definttion of the 
urban area bemg modeled excludcs large ~urpl1es 
of l.tSo~ (for cxample, ~uburbs), then thc~e suppl1cs 
must somehow be brought mto the mude!, perh.1 ps 
by arttfictal network l1nks or snntlar rneans. (Ir ~~ 

assumed that sub-area w sub-area w.1ge rate dtf­
ferences are not large enough to have a stgn1ftcant 
effect on labor avadabt!tty.) 

A final measure, perhaps the most 1mportant For 
many employment sectors, is thJ.t of relattve 
dtstr!button (market) advantage. Here, as_ with t!1e 
procurement measure, there are the dual c¡ucstium 
o'f sectoral and geographical locatiOll of markcr~. 
Thesc factors can be represented wtth one or more 
market potencial measures, that is, w1th mcbce~ of 
access to markets which include the effects uf 
competttors. Measures of relative d1stribut1on ad­
vantage require the same kind of assumpttons as 
the procurement measures descnbed abovc, spe­
ctfically, assumptions about the posstble lmpor­
tance to intraurban location or to differenual 
growth of ftrms of market~ externa! to the urb.1n 
area. lt 1s !tkely that mtraurban locat10nal sensl­
ttvtty to externa! markets wt!l be s1gniftcant only 
when there are fcw spec1f1c mtraurban point~ frorn 
wltich tnterurban connecttons are made and when 
there are stgntftcant d1ffcrenccs 111 intraurban acces­
SJbdtty to those pomts. On the other hand, 
d1fterences m intraurban acces~ to mtraurban 
markets will be of majar importance to rn.llly 
employrncnt types. 

The meas u res of procurement, processing, a nd 
dlstrtbutwn advantage can now be used as indcpen­
dent vanables to estímate dtfferential growth of 
tntraurban employment types tn a contmuous 
funct1on ,t!location procedure. 

"BIRTH" OR "DEATH" OF DISCRt:TE FACILITIES 

In forecastmg growth and decline of extstmg firm~. 
the model will encounter sttuatlons wherc IC 1s 

appropnate to begm generatton or delction of 
d1screre ftrms or úcdtf1es. The obvtous d,fftcult¡c~ 
!te tn determinmg prectsely when thts transltton 
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wJil t.1ke pl.1'-..: <~IJd wl1cthcr a firm or d fauiit)' 'Sto 
be the unir ,¡Jioc.tted. BneOy setring tl:o~e LJUCS­

tiom as1dc, two pnnc1pal methods ot a pproaching 
rl¡l~ prob!cm suggest themselvcs. In the f1rsr 
,I¡Jpro.tch, r 11e d1screte f1rm or facdtty cit.tngcs are 
dnermtlll.'(~ ftr~t. w1th resJdu.d growth and decltnc 
',e111g dc.1lt w1th tn thc continuous fu11ctJO!l 
)locatlon port1o11 ·af rhe mode!. Thc seco11d 
¡JOS~-Ibi!,ry ¡s ro have fdctl1ry capaclt)' or pcrce11tage 
ch.Ange lin11ts inrervene 111 the co11tinuous functlon 
,¡IJo,:,,.tiOii ¡;rowth or dcchne processes, 111 arder to 
~cner,Jte new f.tcllltiC's or to have· f;{ctl!ty shut­
downs, tnggcrecl by percentage dechne l1mits <~nd 
other mea sures that' 1nd1catc shurdown or reloca­
tlon !d,clt!wods. The f1r~t alternatlve leacls ro tite 
rnodcling of facil1ty lifccycles, enud1ng thc .~ssoct­
ated dJff,cultles of parameter esttmarton, as 111 rhe 
Ro~t rnodcl. Thc sccond altcrnativr leaL~S ro a 
rnod~l th.tt 1s sens1tive to d;fflculr-to-estllnatc 
~),ti .uneter~. as m che Putrnan modcL The most 
,ubsta11t1vciy ~artsfactory ~oluttOil would be an 
tntegranon of lif"e cyc!e moclelmg procedures a11d 
Ct)ntinuous funcnon a1locatlon procedurcs. Thts 
sulutio11 ts d1scussed bc~ow. 

1 
1 l!Sitng ftrm ts decrease of 

"fatal" proporttom? .t'Lrt"dSt~ tn 

,-------~ 
1 

Olcf 1dtd1ry i 
1 )••C lVfH!~ 

Ll't')ot~te l 
-~----' 

Does flrm 
n•m,Hn 
l.ICII\/~') 

Y es 

1 
Yes 

Y es 

1 
1 

1 

J Vacate factltty, 1 
1 ' 
1 rea!'ocate a : 
port•or of 

' employees 

1 1 l Vacare factltty and / 

1 
dele re al! l1 

1.-

1 

---...,----------1•¡ emp\oyees \ 
1 

'No 

No 

Vacare facrltry. 
r---------1 relocate al! ! ernployees tn 
1 1 new factl!ly 

1 

1 

1 

r----"------, 
1 Trear as exrsrtng 1 

: f1m1 requtr1ng 
, new SJJélce per 
' f1gure 2 • 

i r-----~ 

"--~- ---------"" ! / Update 
----- factltty 

: charactertsttcs 
'--------' 

FiGURE 1 "Declme" Procedure· Firm Decline or Fac1/ity 
Obsolescence 
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Determtntng the come,¡trencc~ for empluymeJJt 
locatron 1f Jll CXI!:.tlng fmn or taciiJty dccll!le~ 1:. ,1 

Í.!Jrly complex problem. If a f1rrn ourgrow:. lt~ 

ex!Sttng fJcJltty, Jt m.ty clroosc to renew. rlte 
r,lctltty, orto Vó.IC.ltC Jt .tnd rt.:!ucate ct!J cm_pluycc~ 
Tl¡e hrm 1111ghr Jlso cl1oo:.c to t.tke th.tr oppul­
ttlnJty to cea~c opcr.ttiom, thcrL·by v,¡c,ltJIIh tl1c 
Í.tci:íry .tnl! termitiJrtng t!Ie .1nbs oí 1ts e:n:,luvcn. 
Cert.IIJI alrernattvc~ Intermediare (() ri.c~t: ¡n,¡y o~l~o 

be posstblc, Gut r'1ey .tre of less sJgn•fJc.,tncc tu Ll1l" 
rnodel structure. !f, on tite o,her i1and, .111 exJ:-.tlllg 
t1rm contracts (sltr~nks) 1n sizc, tite c.oP~<.:qllt:lllc-. 
mJy be diíferent. I( r11e contr,¡c:iu11 1:; complctt.:, 
th.Jt 1s, 1f opcrdtlons ce,1sc, rhcn thc rcsulrs ;tre "~ 
ment10ncd <1buvc. If the contractton ts Pdttlal, h11r 
grc.tt enougl¡ to vacare a factl1ty, the remaJn!n~ 

ernployees are allocated el~ewhere Smaller con­
tractions are handled 111 the conrimwus funct1on 
,tlloutton portton of tite ma(lt-1. Th·~ <,trucrurc 1~ 
shown 111 ftgurc 1. 

Thc dctcrnl!natron of tl,c employ:m:llt !ul-.ttiOII 
eflccts of" ncw f1rrns or factlitie~ 1~ <>omcvvltat 11hJI t· 

CO'ltplcx !f an existtng ftrm, due tu expJn~lun. 
n.:L]UJrc!> ,tddltlonJI ~pace (th,n 1s, tacliJt)'). tllc f11~r 
dcct!>JOn ts whethcr or not tlte exJStJPg laulJt}' w11: 
be vacated. Jf the faciliry t:. not to b:: vacared, tllc 
problem is similar to that of locatJng a new fmn 
and wtll be dtscussed below. lf the or1gtnal factlirv 
is to be vacatcd, tl1ctl the next dcctslon IS wltctl1er 
the fn·m wt!l rclocatc Lo <Jil cxtstlfll"' VJcant f.~ctltr" ) 1 

O! [0 ,1 newly COI1Structed LJcility. rr tite 1110VL' ·~ro 
be toan ex1sting vacant Llclltty, tl1cn .1 search rnu~r 
be made for ~uch J taul1tv. 1( the rnuve 1~ to be to 

/ 

a ncw f,~cdJty, then !.tnd rcqu1reme11r~ for the new 
factlny rnu~t be calculatcd an(l ,¡ scarch Jnstttutc(' 
for J sutt.1blc s•tc 

Tl1e problcrn uf locattng a 11ew t1rm pre~ent~ d 

Slmil:o~r "deus1o11 trec" to a11.1lyze. Ftrst, will thc 
tirn1 loc;..te 111 an existing vac:1nt fJci:H}', or doc!:. 1t 
ret¡uJre a ncw facdtty? lf it 1s to !t)catc 111 ,111 
existrng vac.1nt factltty then a search for one must 

!)e rnade. If 1t ts to loca~c 111 .t m·w facd:tv, th~ 
ri."<-¡Uircmcnts must be c,dcui:Jtctl ;1 nd, ab.tln, .t 
>UltabJc SltC ~'~.trched Íor. [<_cbard~t:SS o{ wlt!Cil 

a1ternattve h.Js bcen sclecred, su1t.1b:e sltc: ,ltC,I ur 
vaca11t buddlllg sp.1ce may not be av.~d,1ble 111 rh~: 
sub-areas mu,t des!rJblt.: to thc !oc,ltlng !Jrrn. rhl~ 
ra1ses tlle quesrron of tradc-offs be:ween ""stte" 
attribures and' "s1re" av,u!abd:ry. So !Jttk 1s cur­
rer)tly lcnOWrt about Üll!> r!!CilOrtlCilOil th,tt_ 1[ 1~ IIOt 
po~s1ble to prcd1ct what heJ.:lw.ty rntght uc m;1de 
here. In fact, al! of the proces~es d':;cusscd ,rbove 
are r.tr\1er pnorly under~cood .1nd w1:! r¡•rrn ,1 ~arv,e 
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unknuwn cornponent of future research efforts on 
t 1 11~ to¡_.,1c Sorne datJ on rl1e~e bel1av1ors do exl\t. 

.tnl! t 11L'Ir 1mportJncc to c'1c forecJst1ng of tntr.t­

urb.~n emp'oyment lucatton dcmJnds thetr ·111-

clusiOn tn (urure modelu1g efforts. Thc decision 
processes descnbed above are ~hown dtagrarn­

matlcally tn ftgure.2. 

LOCATION OF NEW AND RELOCATING 
FIRMS AND FACILITIES 

Thc rnodel should be able to determme which 

sub-ue,¡ 1s rhe rnost dcstrable for a particular 

E XIS!tng ftrm 
éXf.XJnds; thus 
reou1res new space 

Noj 

.---A-d_d_v_a_ca_t_tn_g__,U' 

émployp¿s 
to new ones j 

No 

Ves 

No r·-

Spec1fy land requ1red 
for new factlltY 

:ucattng firm or factltty. Therc are severa! problem~ 
w,'11c 1' ;1ecd ro be resolved here. Thc ftrst ts that o,­

nleasunng Jn area's atcrJCtlvenc~s to dtf(ercnl 

.:rnployrnenr sectors. Tlm rnJy be Jonc by c.•lcu 

:ar•n¡.o; l!ldtcc~ ba~cc! upon thc rneasurc~ (leftncd lor 
use 111 thc cont1nuou~ functlon allocatton portlllll 

of rhc modcl. lt may be fuund from srudies of p.1sr 
!ocJtlonal behav1or th:.Jt other, noneconom1c, l.•c­

tors m ust be dercrm1 ned 111 arder to cst lfn<~ re 
loc.ttlons. Ir ;s poss1ble rhat factors not méludcd 111 

the procurernenr, proces~1ng, and dlstrtbutJon trt-

1 
No, 

New ftrm 
•s staned 

Y es 

' 1 /Ftll up avatlablel 
¡vacan! factl•tY ! 

Y es 

FIGURE 2 "Growth" Procedure: New, Relocatmg, or Expanding Firms 
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chotomy may also be follnd to be of .:;ome 

lmportancl' in location clec1sions For exampi·:!, 

!ocat1ons ofíering prest!ge or "visibility'' might 

account for sorne portian of a loc.ltion declSlon, 

rhoug 11 data and researc11 findtngs on these factors 

Me conspicuously absent from the ex1stmg litera­

ture. 

The first srud1es rnenttoned above in the review 

of models of non-marker-sensitive iocation .ue 
good ~ources of factors to be invesugated. A 
critica! ouestion aiso anses regardtng the availa­

bdity of o:he data necessary to deve!op.the model's 

h: pe~ he:~' It wot1ld be foo~tsh te cle:1y the 
dJí'1cuiw·s likely to be encounterec.L On the cthcr 
hand, tt w0uld be at least eq1nlly foolish ~o .:lo 

r.uthing <:>bout these problems pending the availz.­
bihy of rhe perfect data set. It is possib 1e to 
-::onceive of a nurnber of smaller studtes which 

could be undertaken to examine poctior.s of the 

overaíl model bemg described here. 

Anothtr substant1ve problem is simultáneity of 

locat!on. Al! of the present modeis of firm or 
f.tcillt y location rnanage to avoid th1s problem. 

Nnenheless, S!multane!ty of locatio!l nuy be 

cntlcal in two ways. First, there ts, tn al\ !tke!t-

. ~ood, comp<'tltion among locating firms or facíl­

•t!es for part1cular srtes. The imporrance of chis 
competitit)ll for forecasting purposes 1s presently 

unknown, and such compecition is not dealt wtth 

m nonsimultaneous locatron procedures. Second, 

seguential location has the effect not only of 

occasionally prec!uding location on a '·used" stte, 
but a'so or a!tering, subseguent to that location, 

r-- -, 
Contmuous funct1on 1 

allocation of 
empioyment _j 

Growth and decl•ne · 
ot d1SLre1e 11n11s 
and facilitieS 1 

'------.-_____) 

! 

r ---- _L __ __, 
Cun t~r•uous lunct1on 1 

1 ailocat,on ot res1dual 
' errpl oyment i 
L_ J 

Cf1d'l9 01 S 111 sub ares 

A 

Growtn and decl1ne 
of d•$Crete ftrms 

[ andta_c_:l~lt~le_s ____ ~ 

en1p1oyment ' 

'-------·__1 
B 

Growth and decl1ne 
of discreta ítrr~s 
and facilitieS 1rom i 
res1dua! employrncl"t ¡ 

j 
r-----, 
1

1 Locatron of discret~ ¡ 
f¡rm D•td fdCiflly i l changes in suu-areas 1 

e 

FIGURE 3 Three Pnncipal Forms of the Proposed Model 
Consttuct 
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th~~ c!JaracteristJcs of the sub-area in wlnch the 

!ocnion ha~ t<Jken pldce. Thes~ .tirered character­

rsocs, m turn, intLJeJirc thc subsequent locatiun 

(parricularly, rhough nor cxci:Jsively, 111 thdt sub 
area) of other facrht1es ;n tllc same and otht:r 

~ector<.. These poi nts notwlt hsta nd !l1g, t l,e i m­

posit!on of a s1m!dtc1neous loc.niun requtrernc:nt 011 

rhe .model ts not a triV12.I mattr?r. Although such a 

regutrement is ~ubsta:-Jttvr·ly desn·abie, 1r May 1ror 

be feasib!e. if COIHlnUuUS runctl::lf! a!Jocatlur. of 

rnarket-sensitive cmplvy!llent tnvnlves know1ng the 

current spatial d1~tnbut:on of popui.JCion (anJ 

person,d mcome) in arder to rnake forr.:caHs, then 

population iocation wtll hdve tn be simultaneou:. 

wtth at least son'.e market-sens1cive employrncnt 

location. Further, tf rhere JS so me degree uf 
corr.petltion for virtually a!l :a:1d in tlre urba11 arr:a, 
then it is difficulf ro decide a pnori that some 

activities W!~l be loLated befare or afrcr Q[hets. 

There ts no solution ro that problem tn rh1s a1tJcle; 

as the nature of the rnodel becomes more spec.Jftc 

!t will be possrble to dctermm.? how rt rnay be 

resrJlved aliCl to test the conseqt:ences of tl,at 

rcsolution. 

Thus there are severa! princ1pal form~ tnto wl1ich 

rhe overa!l structure of thrs new model can 

develop. F1gure 3, A and B, shows two vet !>lOm uf 

che form where dtscrete firm and facilrcy changes 

are forecast first c1nd thc residual changes are 
dcalt with via contJnuc.us function ailocatron. !n 
figure 3, A, che resldu~l tmployment ts allocated 
befare thc d1~crete f•rms or facrlíttes are !ocated. Ll 
figure 3, B, the dtscrete fétCJlrties are located ttrst, 

rhen the restdu01l cmployme11t rs allocated. In 

either case, the rnodel would rlrst forecast changes 

in the numbers of ftrms and facditJes. This m1glrt 
weli be done by a rno¿irtcatron of the life cycle 

technique proposed by Ro·>l'. The relai:ion of tites.:.: 
"births" and "dedtl1s" to the areJwide nct changes 

in employment by sector would be an irnporunt 

cons1deration. In most sltuatior¡s only a pon1on of 

the citywide employment change for a given sector 

!S due to the btrLh or dcat!J of new tirms e; 
facilities. It wdl be diffJcult to dt:teri!:rnc, 1n the 
muele!. what s1ze th1s pcruon s!w,.dd be, since two 

processes are subsumed he re. f.'irst, m a grve.1 

sector there are new fírms appearing and old firms 
disappeanng somcwhat independernly (tbt ts, due 
to ltfe cycle cha11ge:>) of L:1e urban :u·ea's overall 
gíOwth or decline in that !>ecto!'. Second. new f1r,rns 

are appP.artng and old ones d!sappednng ahno3~ 

~oiely dne to thc area's overall growth or dec!!11e In 

the given sector. F~ndl!1~ a way tO discnmmélte 
between the~e two proccsses !5 rhe key proS~t'~·:, 
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here. lf facilities were generated or deleted as in 
Putman's INIMP model, che computaciOnal pro­
cedures would be somewhat simpler but slightly 
more arbrtrary. 

Because rhe accuracy with which che model 
determines !10w much of che net citywide change 

·of a particular employment rype is due ro discrete 
facihry. generarían ·or delerion is both difficult and 
critica! ro the models shown in figure 3, A and B, 
an alternative means for resolving the issue is worth 
considenng. An alternative form for che new model 
rs shown 111 frgure 3, C. In this case tlie continuous 
funcnon allocation is performed first, with che 
drscrere firm and facility generation, deletion, and 
locatron taking place aft~rward. Here, too, it is 
necessary ro know, when ro terminare che con­
tinuous functton allocatron and begin discrete 
facdrry forecasts. Iris assumed that rhe continuous 
function allocatJon is more stable, and probably a 
more accurate estimator, than the discrete facihty 
portron of che model. Consequently, che form of 
mode! shown m f¡gure 3, e, might produce better 
forecasts t han t he forms m figure 3, A and B, given 
che present leve! of knowledge. It is probable that 
c!1e most accurate form of che model would involve 
generation of f1rms and facilities concurrently with 
rhe continuous function a!location. Whether this is 
a feasib!e struccure for che model cannot be 
decermined prior to further research. 

Summary and Conc/usion 
The procedure for che classrfication of employ­
menc is cntica 1 to che success of any attempt to 
model emp~oyment locacion. Previous attempts at 
such classrficatron have been inconsistent with a 
comprehensrve model of tntraurban employment 
locar ion. le is necessary, cherefore, to develop new 
cla%ificatlOn procedures in arder to be more 
confident that each employment type is being 
forec.1st by Jn approprrate portian of the model 
consrruct. One possib-!e procedure has been de­
scrrbed in chis artrcle. 

!nrraurbd.n emp 1oyment location is che second 
step In a two-step process. The first step occurs 
when a ftrrn dectdes to !acate 111, or leave, a 
particu:ar urban region. The second scep, wich 
which chis arcicle is concerned, is the decermt­
natton of wl1ere in che chosen urban region che 
locanon or deparcure wtll cake place. 

The tntraurban locacton of sorne types of em­
ployment is partly determined by che spatta~ 
distnSuttOn of markets in che urban area, while the 
locJtion of other types is not. There IS a d1~tinction 
between r he growc h or decline of an existing 
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employmt:nt establishment (either firm or fac1l1ty) 
and che location or de!etion of a specif1c lum p of 
employees etther as a f1rm ora facílity. 

W1t 11 these definitions and distincrions in mmd, 
a rev•ew of mmt of che existtng or proposed 
mode 1s of Intraurban employment location was 
oresenced. At che conclus10n of d11s review, a 
mode~ was developed, mtegrating features of che 
rev1ewed models in an attempt to develop a 
comprehens1ve framework for intraurban emp!oy­

ment forecasting. 
ln conclusion, although preliminary work has 

airead y been done on many of che componen es of 
a complete mtraurban employment model, large 
gaps in our knowledge of rhese phenomena remain. 
The conspicuous absence of complete employment 
forecJsts from urban simulation modcling coday 
mdJcates that work needs to be done 111 chis area. le 
has been tl,e purpose of chis arcicle ro review the 
work done to date and to suggest directions for 
future efforts to salve these problems. The devel­
opment of such models and thetr subsequcnt 
mtegration with residencial location and trJnspor-

. tat,on network models would constitute a signifr­
cant mcrease in our understanding of, and abdrcy 
ro forecast, urban phenomena. 

Author's Note· Work on this topic was part1ally supported by rl, 
U S Ocpartmen 1 ofTransportation, Federa/lltglrway 11 Jnums Ira 
tío,, Hurea11 ofPublrc Roctds, rmder Contraer No 111 11-7392 lo 
rl•t• hr>hll•le for l:nv•ronmental Stud1es, U11Í11ers•ty o{ p,.,,,,yh•ctllld. 
/'vrtwns vj tlrrs ma,.uscnpt were ,,c/,.ded '" tire fi11o.~l report, "/'he 
.l1JdetrHrg Role of Urbtm Transportahon Plo.~'"""J!," prepared by H. 
Harns, S Putma>r, Jj_ Alle>r, a11d sta/J under tlwt cotrlract 

NOTES 
1 Befare proceedmg w1th further dJscussJon, a note reg.u-dmg the 

rnodelmg of employment locatlon as opposed, for example, to sales 
of valuc-added locatJon 1s tn arder. There are obvtous drs.tdvant.<ge; 
.oncomrt.;nt WJth the use of number of employees as a measure of 
aCttV'ty levds Most of these dl;advantages ~tem from tite llonhllcar­
rttes 111 each cmployment type's employcc/outptll relatJOmhtps (that 
"'· 111hercntly d.fferent productton functJOns). Con oc qucntly, when 
these forecasts of econom1c acttvtty, as repre;ented by t•mployment 
totals, are uscd 1n turn to gener.1te othcr fo1cca;t;, certa111 
mcon;~;tencrc; are mtroduced 111to the results Despne tlus, 
ern ployment IS the measure most often u sed, for the s111gle, 
overwhdmmg reason that tt IS the only mcasurc for whtch data are 
usr.u!ly avarlable. Jf other data become avatlable, then rescarch 111to 
thr:tr use .ts a more ~pproprtate means for rnodeltng the mtraurb.<n 
loe atton of econon11c acttvtty wtll be JUstdled. For tite present and 
thr~ tmmedtate future, employment wtll have to conttnue to be the 
un IC of measurement. 

2The;e fo~ctors are· access measures to the fol!owtng-labor 
supply, labor skuls, executrve parttclpacwn, h1ghways, rat!ro~tb, 
ma ss cransportatton, ~aste dtsposal fo~ctlttJes, comparable finns, 
cus tomers, and supphers, slope cond1t!Ono, land req01rernencs, l.<nd 
cos1.s; and taxes on land and tmprovements. Floor Fea rallos, 
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crnplnye~ dcns¡cy, nHJittJjle i.Hld use charactcn~ncs, . n.t~ expt..ndl­

turc> pcr nnJillUp~llty havc al~o bccn Sll~!~es¡cd ,¡; poss1ble lnc?.tlon 
IJ.ctur., 

1 A M.tr~ov proccss IS a systt rns tonrcpt ln''Cllv¡ng v&nous 
·~l.dl :)" of bl'1ng ...11Hl .. v.HIOUS prnb""b!lltlts of "trJ.nSittcn" trom one 

:)LHt.. lu .Jflnlh~r 
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\:udel l'o~, k .... ,. ti! [ I'''J 11,1, dc\ck>pcd tu !11\L".tl­

••.tiL' tlll' fc.1 ,,[>J 1!1Y ur' h.:i.'iJ1.L'd dcw!o¡>rncnt uf 

i I!HI U\C ;,1,.' rr .• ll''i''otl.ill•'ll f.rcJilt:L' 1 ·' Tllc 
t··'•l'r<•.' ut' ti•¡, qt:ntJ,>rr 1' tl11 plohlc•Jt of Jl1:1111l'­

l'1.rl•:1g (r" .rlti,'ll!l•_!, d!lt:( tlii:·. a11 ... : nwdll) •ll:t) 
t!'L' :.¡•,liJ:tl Lli'~',rll/dllcl:l n!' ti1c mctropol" 1!1 

f'.llll 1,llf.tl tl1l pr<•ll'(( fC11.l1~ 1\,'~ 011 'ofl:!l•.ti C.\­

J'·ilh>Orr, .rnd til•.' (,·:r<;rhriJt} ol :ll'.rlllll1!! :1 b.•I"JIIlLd 

, 1,;,LI''I)IllCirl "' L11HI lhl' :111d, tr.111·~port.J!IOII 
f,.t::lill'', ,~>ttf tfJC ll'L':IIr\ (Jlt> 1 1CiC'~) tCic:\',llll (O 

~1 1 ('\ !"~~ [h.~! LI,JLt'llt: 

'J J ... • 1 11 1', 1 L'ill l'<.l'llfllc\it) nf a COnlfli'L•l¡cJl\1\'C 

, 11 •,'''"' ~,,¡- l':>l'' il.lll'i'·"'':IJon :rncl l:i>lcl "'e, 

~''"P·:.' \'.ti'• tiJL' t,li¡IIJ<'ilh'lll l,>r a c..Llf.uli":',[c'll( 

prl~~. ... ~..'·~r~... r.): t\.·<··1·, tltl' "'-"' 1:!' 1tv :t!H...I ll'-...:¡:J/l .... c-
1)' tr.•n-...pnr!.lllt'l) :q,,\! lll\:·u~..¡~· tl-l ]'~Jllllt'\ f~_,r r!rt...!J 

lll,ll>i'\fli,I[IL'ir, t'c't.'i llilll<'<f 1 :le' lll'_.d [1> II'.L '•lllllJ­

J,¡o lc•l· 111()\!\ ' ... ,,, ¡··..: ,¡,., '!¡,,,¡ cd ·'PI'i<l,JL'h 

l 11'i't'l''lll.r't 1
:. :1•.: ,t,Jil'-c>f'-.11! 111 ·.l!llttl,,¡l,lll 

llllltll:'r:-:• ,,,. lll 1 l,l>l .JJlc1 lc'~'lllll.il ¡llic'llOilléll.' ''>'.J, 

'\" '¡ ¡11,!!, 111 :'c'I'Cr.tl, thU\•.' lllO•I>!, \1111 lt h.,,! 
(l'¡'''r.IIJ•ll\.t\ ''llll'.;\ 1\->,'ll' l.llhL'I [(1,) f¡¡~•itfy .1!' 'il'· 

~·,¡¡~,~\ [>,>:!r 1'1 'll.ll:.tl llt'd 'L'Ll•l:.rl dl'i.lll ,¡, 11 ·i[ ,¡·, 

o11 C<>th t'Pl. 011 tlr<· cthn 1: 111<l, ththl' IIW:!''' 

\\ '¡ 1 ' : 1 ,', \.' 1 :...· ¡1(. 1 ll \ 1 . l 1 ll \ \1 \.' L 1 J! Ll l'j) 'l 1,1 ~! .. \ l 1 lf 1 ) 1) !t t l'. 

,rl'tl \'.'rr\.· 1, n1• ·'~' )Jd\l pr~.._\\I~L:d lrr··!dy (:.._:,¡t,,·rl 
"-,t_',{t)[,Jl l:lll...\•1'.''~ \ 1,•'1C f1¡1 1 (lj),_l,\{li,)!}¡\1 ~tt 

Stlf]JCIL:ll(, kvtJ Of' ,lJ'C:Ji cit:laJ! i:x,llllpit''- Clf ;t!f thc-,l.' 
typt"· L'l lll()dcl are r cvt~l'. cd c:l~c'.\ lier e J-

Al thc <,;:rne l1!lle, 11 wa~ ck:tr fr,"n tite (1\lt·ct. 

th:1t .111 :lpJ'!Opr::rtt.: nroclci packO!•'(' \\utrld lll'L'·.l 

lO !H: c'IL'I1 lllO!L lt>lllpll'tc (:tlld t 1lé1Ci't>lf' \ tlillpiL.\) 

tlo.1r1 :t!1)' pll'\IOtl<,!y tlé\clllpt:t! lt 1;,\'> ln¡urr.:d 

thnt :¡ lU11rplck ~y,tcJll, 1 e pupul.ltlull .11hl Clil­

pl<,)'i>J•.'!ll '>C'L tor ~. l. lile! li'>C moti,•! :rnd a Ccliilj'\·r:: 

! e ptihlic and pr!V.Itl', !r.trh¡HJI t. ti ¡orr r1tll' "'k 
nlOd,·l, h·.: :•<,·,crnbkd ·¡he t>\L't.tll "~'tenJ tlf nr"dc:J, 

lt.HI fu l,c }¡,tdr!) lllll'~''·'''·cl \VIIh Jl''ljll'< l to !lll>tlc 1 

IIIJ11!1~, ólllci f(:L'tlhdL'k<, \\'¡¡J¡ ¡j¡¡<, llllé~:r;¡t¡<ll1 thL' 

llJOCitl fl:IL'k.i['C \I'Ollld :JtlC!llj1! [0 éllllilll.I[C' l lll 

pt!Jil'ip:tl f'arl111g of ClllllclllpOt:lt y l:¡~¡tJ-u·,(' 01 

tr:¡n•.pc•rl.rtror1 <;Jilllli.ttwn \lUclJcs b:.· cxpi:crtly 

lllcluc1Í••L: thL' .rppt opn.rtc fcL"dh:rc·k luupc; 

TypJC.JIIy, .r tr.tn,port.llltlll ;,tudv 11\',llllll''- ;¡ 

fu(llil' l.111d the p.l!f,'fll <l'o 0~1\'Cll, ;¡¡¡¡j tiv,IL'II;, ,, 

(¡;!IJ',p:lJt.I'.IC•'\ '>\''.'t'Jll tn copt~ w¡r}¡ rt 'J 1>:, f''"­
l'C'\'tw: 1"11\>i<'' :In.: lc'd!'ill~ll'!IVC di'~. eh 11 !111 Ir :11<.: 

pr<'ldtJLl't'· hy tlll' (\>11\[ll!Cl:llll Ot fJIL' <;\''.lt.'lll !11 

C>lilL'I \ 1 \llti· •• !tllll'.J'L1Jt.llrt'll •,v'ol<'lll' ,!u nul 

~lldticl¡l) .rppC.II' \>11 tfll' ",i<>t!i1d. !out <IIC L(llhl!IIL!Cd 

JI'¡ ,:,l!'l'. 11 llll '.llii\L'lllll'lll IL'\ 1tc,IJ l[l~Jiilll1 ,,¡' ,lllll JI ol'' 

.di tl111 !IIL~ l 11l' pc'IIUti oJ' l'OJl•,l¡ L,,·¡,,·,p l11 lC>lllr:l· 

l/r~[llllli,JII, t!JL' l\'!ll\:11 f.tlltl ll\L ~ltllÍ\' ;¡~, l'jll'o ,¡ 

lr.lll\lh.•'l.tlitlll ')~!t'lll ,,, !'1\~'ll, .l!Hi iilL'll l'\'Jill.ll<:' 

llil' ll>l1'oé<f 11L"Ilt dJ-.lilhlllo<lll t•l ,1\ l>\ ;(ll'' 1111\ Jll'(l­

CCdtlll' ¡!J¡:, r:~llllll'' tiJ<: 11('\'.' lf,II'CÍ c!•.'l11.i1Jt! ,tJJd 

\lJ!1•,u¡II•:J¡I t.Oil!'l';lt\C tlkl'l~ ni' t!JL' dl l'\'I[J' t;l'.· 

tii 1>>Jit,lll 011 ¡¡,,. IILf\\'u• ¡. lile JI!! '1' ¡>.t•,i,,l:": 

;r(l\'lill>i\ lo ll'll1lti)' lilt'· . ..: <lill>\,l(ll!'' ,!J'ri (O L.'f• 1 \IIL' 



1 (,(, ~ 11 I'Uli\1.'\N 

tliL' lliiLIIL',I,¡[(dlll'''> of tl!e ll:lll'>j)011.1li()Jl '>Y'oll'lll 

:l!ltf t\!•: (\¡·,(!IIII 1 !1Llil ll\ .. IL[IVI[IL'\ 

'JJtL' t'LIILI.I 1 \lli'L'[llll' <l!. illl' llllltk-J p.tl'~.l~l' fjf\( 

lJ'•L\ 11
11 b.l•L'·\L' '1 t!,JI.t (\1) thl' 0/l[.l!il!ll~~ \j},l:l.tl 

d:'''l 1li'llllth o! ·'L'II\IIy, ,,1,,!1~' \'.'tllr d.t!.t <ltl lile 

c'"'"'L'L''''· ,, of tlt,' un't'.ttkd h.t'><' yc.'l IJ,IIh­

ptll !.t 1 !L ll 11<.' 1\'.'(l; 1, f/¡,•._,,_. d.t[.t .lll' ifllll ll,l'd [¡) 

~'L'!l, •,IIL' ¡¡ Jll,illlllll'll)', :trtd Jll<lb.thl) lllil:t!L'd, 

('',[llli.I:L· of ~1 l'L' ~('.1! [IIJl\ 111 ilJC ll'l'li<1JlO!!l.lll 

,11(',1 /ltr\ Jl1Ll111ll!•o~ly ('\ll1!1,1[L' of lllJl•· :IIL' [J¡L'Il 
1(1·\'t·d 1_11) 1!1<.: !1•ILII· (j11(1l,dlllll \'L'.It} Jll'II\'OJ!, ,,¡ 
''' 11 ,,, 11.1'-L'! th,¡r.'tiL'II'i''' 1 e t111t: a11d cu;!, 
\\'UtJ!,I. ,1[ k,t,l, IL'/ 1 d !ht: [J,1iJÍC \LlilliliL'\ !)JI llll' 

lll'llltiJl. 1r i!J<.:IL' 1\<'IL' 110 ll!.lll~'L: 111 tl!C '>p.t!l.tl 

(''''' :'•"llun tJf act11 '11:.'' frum th<.: h.l'>t' ~L·.1r ThL.;l' 

m'".',ltl. Ll':!l.lll,'~l'•'é'. along \lrth '''l' h.t'e YL'.tr 

d.;ta ;J!lLI l~IC Jll<lj•.'t i'L'il )'l'dl Ctllllllll tni,tl'> ;¡¡¡; 

(lilll lh.'ll [O !_~L'II•.I,!lt' a \¡o:l[1:tf tJ¡._,(IIIHI(IOJl llf 

dl'il\'lllL'-; f"u¡ tlll' J111ll-'l'l101l )'l',lf h<llll 111!; ~p:lli:t! 

cl,,[l!bll!i(lll a IIL''.I t'•lllll.IIC ¡lf llll'l10f1t• 11i.lll lflJl\ 

:' p1thllll·~~' ri1C'c trl!l' 1\L'JL' ti!L'll load..:d on lile 

prli[L'([!Oil )l':tr lf.lil'Jl!lll.illllll llCl\llll ~ 'f lll' lllOLII­

fi~d ( l¡,¡¡,IC[('Ii\[IC\ (•:' ti¡._; 1 r,11hp0ll.l!JO!l llL'l \1'01 ~' 

:lit: [11,'11 l"Cd lO lt:ti!n~".ilC thl' JlllliL'\.liO!l )C.!i 

\jl.l(J,! d:''J'h'lllOll (lt :tC!III(ICS llll'> dhtrlbtlllüll 

of:Hl'\1[','' 11.1~ th'" ,!)ltlpo~red w th.: 111,1 c~tl!ll.lt~ 

ibC'!C<lr 11· tht·r,· 11rrc no ~~~ntfiL:tllt d:t1,·rt'lllCS ~tn 

''lfUI::'•'III·ll \l'l'll!d !uvc k~c'll Je,,cil~c 1 and the 

TllllLl,·' r1111 Cncl,d llthl'J<' 1\l're \1~'1ifll',lll[ ¡j¡ffc•­

rnc-:,, Prw- '"1" ll(lU!d be :~l'llL'J:t:ed and 

!(l.·t!:•' l•l1 !Le 11.'l11CIJ., and ftllllil'l !ICI:tllllll 

Jtlll 

7/il' O¡;.·,orwnu.' ///_U/' Po, /,age 

11 '' IL')' c•ftl'n ¡',..: (.I'>C 111 cnmp!c\ '"nula11on 

''llt!•c, ::1.1[ 1!¡,• <l!l."l."l')!l,il \L'I,Ic•ll ,,¡' tl1•.' llltH 1c' 

~)''-'"l '• '.<'I'IL'I'. !• • .! "-" CcJI1lf11.'ht 1''-.IIL' th.\11 tl1e 

'-)'~ 1 l ''' url;'lil.';ly p!<>;1(1\l't' \\'l11k 'oJIII1t' ~IIIIJlli­

f::.lli"'"• 11<'1.' llL'"'''·") 111 '''L' /J'll:J' ·.tud~ lt>L', 

t,hL· ')f''l(rp.•! ~'l 1 ,,: Pr .. ITJ npc!.t''••fJ.'I rfl!l~1 ldrt·d 

tr.•n r···! ~.,:r\111 .11n 1 J.¡¡¡(/ li'L' flh,dl! \\,1..., dlLIIrlt .. d 
TI L 1 1/'l; li'L' llll'c 1:! 1 .• Le! 111 []¡:· lllt•tll'l p.ll l,t~'L' l'.'.h 

a IIH•·.:,r,,:d r,l,,n ,¡r¡:11.: II'Lll\flll·'•'·.·l llw, llllltkl 

:H'LL'11', [/¡C 'Jl.lll,¡f ,L,¡I/ 1ltli•()Jl l1 1 ''[),l\11" t:lliploy­

llk'lll .1\ 1:'!11'! .tlltl , l,\ 11 '<>!In f¡ll l!iL' 1/lll'IIL'I;¡IL'tl 

~p1i•:tl l:!'-lilhlltiCII':. Jll l'llJ'll~.tlltlil .111d "!ic\f!-h.t,rc" 

or "'!c1c,•!-,C'JI 111~~ .. l'•llp 1 n~ lllLill 1~,·:•1u11.d k1cl~ nf 

:tC(I\'1[\' :1rL' l'\LI:•.:II•'IhiV dL'IL'llll111L'::, ;1, h lliL' 1'.1'>~ 

\\i:lt \lrtl!.d!y ;1!! llil1:11, i.11,d lht: 111<1,1~!-; ·¡ IIL' 

ub.l'\ll" t"lil;\:..._1) 1!1' IH J~,..(..l[H'i/l \\\1" l"lHl'1..l-..l l".\llll('ll­

Oll'l\' by d 'L'!'.ii.IÍL' 11111dLl. fjl \Jfl!). \l'l11Lh 1\ 

no! !lit 'udnl 111 rliL· rnudc! p.tc~·'!'L (',,n,cqliL'!llly 

111 i!JI, plL'Iillllll.IJY VL'I,I!lll of 11 !_Uf' tlic \fldll.d 

di\(1 illli[l(lll\ pJ "h,t\IC" l'lllJll!l) lllL'lll :lll' llllkpL'I•l­

Lklll Ol tlJL 1<'111.1l!l(ll'l of' [I¡L' .l<'lli'II!L'\ lll llil' llhltlc! 

p.ll h.1¡'c l/11, '' l IL'.llly lll>t" 1 .il1d ,1\,tllllJ•II•IIl Pl<'l 

,111~' \ll)l\l,llt[l.il J110(L'L lldi)I)L'Il!HJ ,11),1 h ,1/l,l\l'lll 0 1 

thci,1Wdcl¡•.rt! .. :~<.: 11 hll !i 1" Ul lélltlv l>L'IIl" llll¡ll 111 L'tl 

One Jl'''":'illl) lltlllld bL· 111 llllL't'ldlé t!1e llh>Lkllll'.' 

o! .di l'lllJd•'\111L'Il! l<lt'.tll<>lh, lt11!. tlll, tn ¡/,e 1<".!­

d,·ll!l.i! llll>lkl, .llllf lllll... Jlil'., OIL'I:tJl llllllkl lO tli~' 

IIL'll\'(ll l. Jll(ltl,·! 

Á\ dotti!lLLl :lbtl\L', t!!L' pi111Clp.tl dett:fllll!ldl\1, 

Of 'Jl:I[J,d dl•!tlhli!IOil~ of .tL(I.\'IliL'' 111 JI'/ lJ\J :IIL' 

:tCCL\~ [(l ll'lllhpf.ILC<; f'p¡ JltlJllil.lt!llll •• 111<f :tCLL'" 

(O Cll\[(llllL'f\ for 11011- h:t\IC ClllplO) lllt'lll r!ic 

al'Ct:" Jlll'.t'ollll'' :ue ll01l-lii1L.II rllllll'<lll\ ni [l,l\L'/­

llllll'\ IIL'I"IilLll by :ltlfdCl:I'L'ill''>' lllo'.l\llll'' ()Í [/it: 

"ti! Jl d,·,flll:l(l! \Jl > " 'f 1!<.: dL'I ti,,¡ .t! inL,Il!! lll l.lllll[IOII \ 

li\Cd 111 the ll'LUI'vl lllOtlc! li.!d llCIL'l l>L'LII -;¡¡11-

JCtlt:d lO t/¡¡q()lJ!_!.Ii ~ldii\IILdl t'\.111l111.'llllll, dll<l 

(',1!!)' C\J1l'IICilLC \\'l[lJ llll>l!,·! lllil'> f<lr liiL 1 JJ l ') 1 

JliOICL'( llldll.I!Cd lli:Jt tht'IC 11,1\ IOll i 1 l'.l\~ d 

ICll.lllL'l' (1/l \OillCW!i,ll :11hi!Jdl)' "Llll ICLII<)II­

f',¡lllll''>" C(lll~L'lJliL'IIIIy, .~ 1hornugh 111\'<.:'l'::.lllilll 

(11' 1 he model "'go1 1thn1~ 11':1\ m:¡¡ le, and tl,e\ !1.1\t: 

\lllCL' ht'l'l1 Jllllt!iliL·d Th~ l't:l ~I¡)Jl or 1'1 1 t; 1' 11 'itl\l' 

Jl'\U!t'. o~ re t 1t'>ll i\)L'd hc1e u· . ..:d :1 modlfied 1'111 m LJ 

l! 1 ll!\1 h11111t: ll'orl-. w1th rt LU!'' 111:! tt'..: tli: 
<'llllll'l\' llt:ll' f)I(AM llllltlt:!.¡ fllc~L· llltltl¡flutl<>ll' 

:IPJlL';II to h,I\L' 1111Jllll\'cd o,ubq.r!l!r,t!ly IIH' mude!\ 

.¡l/tll',I!J<,Ih, tiHlUgh atlcillJ)l~ lo cvdl!!.lll' thl·,..: 

1111Jll OI'CI11C'nh lo.!\''~ 1101 )'c'l bn·n l'OlllpiL·t,·d ()f' 
cor11~e. :1' ,., l 11c ca'>c II'Jth al! otht:r '"''·'" !.il!c! ll'>L' 

lltOdel:., l!'I_U:\1\ fl'll,thillty f,)¡ ~IK'tlfil ~llJ.dl .lle.t 

~'OIL'L~I\1'. 1\ ¡,.,, \!idll lb rc::.rb:!::y J'¡lf llH>IL' d!'~'f~­

~;¡Jul lt',l',lllll,'! p:I!ICJil\ 

·¡he 11 :"''1'"1 laiJOil mude! p.td .. ,~!t' \•:''-' tql f'u1· 

mc 111 tiiL' 111 UP p.tcka~·t: \\',h dl'\t:lopt.l hy thc 

-!>1,11111111~~ ~n'LI1L't:~ (iroup of thc L'llllt:l'll)' ot' 
flt'llll>)'h :1111.1 ft CUll[,lll'\ Jll O~l'dlll' f'¡lJ ilL'I 11 <11!; 

L(ll 1 1n~· [!c',·l¡,lllll~~,alld >lll'i.i/ di[L'IIl.tllll'L,IJl.ILIIJ' 

IC'.li:llnt:d [ldl]ll .l','l!;!lllllL'!l! JlllllLdt!IL'' flll' 

f1111lL'J'·" Lllfl/lL'lfl¡lJl g_ulll~' J'JOill /1'1 l•\1 hl J!it: 

:'\cti'.'Ur/, lllliLlcl 1'> \1:1 ll1J1 ~!l'IIL'I,I[/<lll '!!t.l[ 1'>, tltC 

ll).t/11 pl!Cillllllt:ll011 llhllli ltliiC'\ !lit: 'JI.Ill<~l dl,lll­

hlll!llll of :ldiVillt.:\ [l,lll. lo thc ll.!lhJll>ll.iiiO!l 

: .tl'Jiillt:~ " 'f'L'(Illcd 111 IL'IIIl\ of 1 1!..: '"P' /ldl\< L'll 

.ld!VIill'~ ll'liiL!J !ll.II-.C li'C nf [)¡.; (!.lll\lh•ll.lllll!l 

~Y'>lt:lll, .tnd Wlllch, 111 tlil' f'c11 !ll or lllll~L"l!Oll, .tfter 

1 !1.1l 'Y~lt:lll'' opnat11tg_ cl!.tr.tc!L'I 1\lll s 

'fwo lypC'> or l/1/)\ .tll' l(lll'>ltlt'IL'd 111 J'l LUI', 
\\lll ~IIIJI'• :111<f Jl(lll-\1'01 !...tll¡1o, l11 lll.lll~ llo~th­

JllliLll!CI!l <,i!ldr..:·. wheJe l.111d-ti>L' Jll<lf<.:Lll!lll llit)(I,·J, 

:111: 'Kili(;'. lllilll<:d, iiJí.' \\'Lll k!llp\ d.IL' !'l'ilLI,llt',! fly 



11'-ll 1 (.JC-\'i 11) 11<.\r~:-,1'\)ICI ;\NI'l i ,\;•,!) ll\1. ,\JOIJ! 1 !67 

,~ .. h:._ :') i /ll'',l' (11p_p.1lll"fll~., hL'I'l~~ J!Hicp~..·r~~IL·nt!v 

l'.• 1u•'¡l¡·,'. n:").~h•l IJL· l<lll\hi<Jll,\111 11 ¡J¡._ 11\lll:­

(11!1"' ¡.q,,'.~ ·t 111 l 1n.: l.11ld u·,~,."" IJJIHL·;\ p.!/ [l~lll\ \)f 
r..:''''''l•ct .111d '.ltll ~·f'!"L'L' In 11'1 L'\l:!,L·lnL',J!J<~Ii t:f' 
'C'd{\'ll!_l'\ 1~ ~·:,.JI('"Id!Cd hy \\l)lkltlp ,'I·~H.t!li•Hl 

1
IIIH'll1li''> h.i'>L'lf Oll !l.!lhfl"ll.il!llll llíl!)~d.iil\.l''> dlhl 

Iill' /;1; 111011'> ol \I•Y'·!l!.lu.'> In''' dcl111:~. 1!'1 l)tvl 
li!lp::tllly l',l'llt.:ldlc'\ .1 lll.llll> 11f 1\'<ll k-tu-hOI1ll' 
[1 1 j1'> \'. 111Ch, l'l illl' 1 r! Ul' Jl.ILI..i:'·.', :111,' l'.'d::IC'·.d 

:trhl ,¡,~,l :1" t:lc- \\uJktll)h t'l!ll:J.lll'\, 

L'l' lill' f¡¡p• •. .¡re ll,l'd .t'> lilC' p.lc~¡¡c~t:<,'<; IWil-1•01~­

IIIP' In 1l1c P''"'lll 1'< 1>1·)11 o:· tiH: mnd,•l p.,,:...I!,'C:, 

pt·.,l. ht>tll '''"'~!tifl' .tiHI '>ilciJ1l'lll" IIIJI' ,1rc 

l<l.lt'c,1 tdl tiJ, 1:,'\IHI¡J,, /\ p¡n!J!,·IJJ tn he lc".nhc·d 

Ílll L11l: V\ • '1\''l'- ol' tllt' llhH'c·l p:tl k:tgc 1'> 1 !,.~¡ t>t' 
t't!t~·: '•1111• \l.O,lli'P"• b_·,Hic'', i!lC "'~hop¡'rl'~~ l 11 1'" 
e''~'-"''~' ,,,,lPP"'~~ '"P' :·:, ··~~-... ,.,,c.d· 1ou11 ... ' ,iJ 
ll<lll \l(•ildl!Jl'> 

·SliP d.!! 1y, 1 :,,. 1c'L'.J! t<'ll ol' "non-!l.I'·IC" or "loca!-
St'rl'lil~·" l'lill'l'l)ll:l'll' !ll ll¡c fl'j ~J\1 lllCHJ..:J :•, 

gc''-'1 ,•,·d l>y 1Hlll1<:-ltl-'li"P .111d \1'(11 k-lo->hr!p 
;¡JftlC.I'.·•Il (UIIl.ltllll'> 1,, .. ,,.¡ 011 il.lll\flllf'l<lll<lll 

nnpu::IIJLC and 111c J,>.,!ll\lll of' 1:1.: ,ll'III'IIIC\ Tlw, 
1lf\l( c'l

1
I•IC !'Cil•.J.iiL'\ .:11 1111p!'lll IIJ,¡I: 1\ OÍ \llt•J:f)til•' 

f. :p::. \'.ii!C:II ,<Jt' C\(l:l('l<:tl, ¡¡¡·,ti hy a SOillC\VIJ<•I 

ciJ/r.:r,·.¡¡ p:uu:L1111,l' 111\'tJ!v•ng :1 :!1:111lY nwd~! typc 
:ll[:LHit 1lil' lu¡· ''":.lllllll,:' :he CHI!_'IIl~ .tnd dl',''Tl:tt:i•!l 

Tht 111,t tt:q·, ofthe mmkl p:1c~a~:c lll'IL dc•Pc' f01 
.1 <,m,1ll p:clltli)',1C tllh.tlll\~~11"1 OÍL'¡;:_fd ,!ll'li), 11\.:it.: 

!.IIL'I iu!l-•.c.il<: ltlll'> li'>L'Ii ,\,111 !·r.JIJCI'C'L> IL1~ .IIL'd 

c!:il.l f J1c Llii!Clil ÍCH!lltl!' ti~:: rl1otltf '>)'·.[CI 111lllli;c\ 

111 O I'Cr,!Oll\ oi' 1 l1l' f'f 1.1 \·l llW\ki ·¡ l1•2 Íll •i 1\ 

C'>'>Ciltl:t 1!y tllc I'LUr,f ···.t.:tc-v,,,,:tbft:,·' Jtll)(lt·' 

>V fiL'I l' [ J¡ C f (ll C: L d '> l \ a 1 (' 1' Id d l' 111 [l' 1 111 \ ( ¡f 1 l¡c' 1 , • 1 d l' 

of l'liii.Jh 1 c~ a' tune 1 Tllc '>C'l'l'!Hl l'l'r\1Llf1 '"''l' '' .t 

mrH.!dlt\! f'o11ll of' llll'lc'lllCill:d v;,,l;,h!c 1!'1 l'\¡ 
:tlOdl'f, \lilCIL' tiiL lOIL'L',I'I\ :l!C lll<ldC 111 il'lllh Oí' 

c!J.tll,_-.:~ 1n v;lluc~ of V<lll:thlc~ t'r<'li' tJIJJC t- 1 to 
lilll(; i. Thc,~ 'hangc~ a1c tl,cn :lfkkd to tl1-· b:l'-L' 

r------1 
-----~ ; 1'1!10 J.I~GTO,V\L ,_

1 ]<JCo) t:ILJ0"•\1 1 1 10i·I:.S j 
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v.illiL'> (1 e llto'L' .tl l1111r t- 1) In yH.:Id !ltt.:. f'nlt.:l'.l'>l 
of'11rlr<· r 1.111,r!•k, 

l!.r,•c,•lly lill· pillll'<IIIIL' 111\'ohc-; a 11111 of I'I.Urvr 

[() :·,n· '·"' I,,,,,,_)L'.!r II'P lll:IIIILL'' fo: 111p111, ;rf'rer 
:o.1d•.•·: ~>lllr> ,, IIL'IIItll' •• lo r!Jl' 1''1 l!l\1 111(r,kl 

¡\fl,.'l 1111, \llll',l''>',JI'C lll'l,IIIOII~ of 11'1 [):-,¡ .111d rile 

llL'l 11 "i ', 111\>,'l'l ,,, e 1 llll 1 l1c :1\~CJllll!.I:'L' of' nwdch 
ll~t'd f(¡> 1 J)l'\L ) I)Jl\ )\ \JJOI\ 1] JI) ,-ll_'lJI L' 

Ir '<' \l'I.TS Of; IUTI.NT \VOl\1~ \VITI' 
]1'-'.11' 

Tire X,·11· l'u•c:c\\ Ntt/1\ 

Dtlflll;.' lhc k~' "un' of ITLUP rrohll'lll'> of.,rabiiiiY 
arP.;l' rh.rl P'''lt:d di,!!l'tlfl lo rc~oh·c -¡ Jtc,t.: IC~l 
fllll\ Lhl'l! d.lt.l rrnll! lhc S.ill Fr:liiCI'>l'll rc~~IOII :tlld 

\\'L'Ill f¡ Olll .t h.I\C )'L'<ll of 1965 (0 ;¡ fo¡ C<..l\( )'Cdl of 

19150 Tire !.tel.. o1 ~!.thlf¡ry JC~tilrcd 111 1he modcl 

pacl.:r:··· fL'.Il'h111g :1 cond!l!UII of' lcl.lllvcly ~1.1hlc 
oscii'.JI-t>n :tltcr llncc ltl fivc complclc Jlt:l.!IIOns of 

tl!c l. IHI u,e and ll:lll'>f1llll.ti10il mockls Aíter 
111\C'<,[l•',lllll~~ Jllt''>L' 11111'> :111d filldlll:! 11t) f.ltlfl~ 111 lile 

OJ1C'I,ji'()IJ oftflt' COI11JhlllCI1'_11llJdCf-, l 1flhc D<!CJ,;I"C, 

3 Lt:!"''' <l\Cr.':'lll~! JllOLL'dliiC \1,1~ tiCI('IOpt:d I'.I!JLI! 

rcsu!!ccl :n .t danr¡mJ:! o! tite O'>cill.tllon~ \Vnlt IIJJ, 

mt1d¡r,,·;¡~¡on tl1c "'ll•'cl pad.agc w:l\ ah!c to acluevr 

,¡.¡IJfc '>Oillllnll'> 111 fnu1 lo'" fuiiJIL'!.lllolh 1\'t·v,·r­

tltl'lt·,., 11 '>t'<'llll'd 1 hat .111 .lilclll.lllll' ~o!tJIIllll tu 1 h., 
lliOLcdurc l'>a·. dc'>l!.lhic 

Ir ~~a c1,,.,,,c L\.IIIIJlk uf "p'>\llio!u~r, .11 '>L'I" .• 

IL''l'.lldlcl' 1h:11 11 \1'.1\ ll<>l ll'l''' 1!11, pr>'•ll 111 llr 

Jlill[l'l.i, lc'l_\' lll'.ll JI<, l'll<f, t!J.11 t!JL'IIlll' (',IIJ,(' \1) [J¡. 

1110dl'f Jl.lll,;r~:L·\ (l,clfi:IIIUII\-:IIld 1 ill'll llllllll'd¡,¡Jt•il 

ubVilltl'> L'llll', hCC.!IIIC .1Jljl.IIL'I11 ·r ¡,,. flll>lrklll 11.1· 

lhc ~11c <•f !ll(' fll'<l!l'liJUII llltclv.!l Alki!IJ>illt:· '" 
forrca'>t I'JXO f1om ,1 I'J(J5 h.hc lc-,tdlcd 111 L'il.I.I~··· 
"1 '>p:rll<!f dl'>!lllllilll)l!'> .111d IIL'II\UII. /n,llfllll~'> 1', f¡¡,·l! 

',l'JC (OO l.Ii:'l' lO be :!CCO!Illlllldatt.:d ~lllllPihfy h1 

'''(' Jnlq!.l<lil'li modcl'>. 1 he ldc.ll tc ... t ur lhl'. 

!•y¡wt!tL,,~ would h:II'C hccn lo 111.1kt.: lile !<>lc'L'.I'I· 

lll'.CVL'I:tf SliL'lC\'iii'C '>lepo; of'l':lr!llll\ ~17l'\ fiii!L' .11)(1 

fl''>Ollll'C'> p1ohlf>ilc'd [l¡¡, ~)''>tl'lll.!IJC :IJlJll<l,llil, ''' 

an :1ppru>.J111atc f11·c ycar Jlltnv.d \\',h 'l'k,lec! 

Thc rnodc! p:IL'k:t!'L: 1\ 'JL: Id t ltcn C'>l Jlll.i lt' fl)(,) 

llJ70 19/:'i-I'JXO lx:tct IL'!-'IUIL.! COllliLlil<lt.d, t'tll 

1970 :1nd llJi'5 lll'le llll.tlail.lbie, thrrcf,q,· ¡lt, 
llltcrva! f1u111 fi)(,)-19XO was ~1mply ~1'''1 1:1111 

lhrce ~llblnlcrval~ lile mndcl rad.tgc 11.1\ tlllll 

re-run1n thrcc ~tL·p~. J%)-l'J70 lt:~t.), 1'1/ll (,,, ¡ 
!()75(e~t ),and l975(c;;r )--1900(rcg1Llfl,d p1ül~'li1Pili 

Hunnrng thc nw,fl'l paLLlgc 111 t 1 11~ ¡,,,n,, ;,, 
Oppoo;cd lO !he prllLCdl!IC LI~Ccf p!C\'IOU~fy IIL'll''i,,­

latcd nlll!OJ' ch:lltgcs rn somc or thc Ll11llflllf1Cill 

riGUI~E 2 Schcndilc of 11cw i"L'.:"> for rnodd p.It.:L1gr.: 



1:--.:11 (~!'.:\1! J; 111.-\'\:'.I'U'\f A~l) 1 A"!) l''>: "-'01)11 lb') 

f!)lllki•, .111<1 )11 lill ('\L'dlll\l' /ll\Jlill~\ II!Jil'iJ l<lll­

l)ll!kd J:ILI/1 1 !11·· IIL'I\ :11/,/ll:'\.'lliL'Ill 1' l,ilk,J [J,c 
• N~w p,p, ,. ·"·· .1:1Ll ,., ,)¡(111 11 1n 1-l:!Uil' :·, .111d 

dc"cribcd ll.:l, 111 

J) -\,q,mc til:lt 'he b;1w yc.1r ¡•, JCJ(l) :11Jcl tl1c 
nr•IÍt'('lll'·'l ~l·;:r '" !')<.;() .111d tl1.1! lile¡~ .lll' 1110 

• •!"•:Ji_.' '>i'·'·'l'l! /IIIL'il11l'Lii.J!C 11'11(' f1l1/lll:> ()¡' 1•)70 
't ,() :11'( 1 l LJ7~ (L',I \ 

7) ·1 h<.: !•.:,,· ),'.:/ ( !C)(,)J tri¡'' :1rc lo.HircJ 011 thc 
1 J~:l)·'l('ll'.t'l l. oi/ld l!>llt'·!0·/(1,]~ /llljlc'd:llllL'' .lrl' 

( .1, ui.lk·l 

.1) \\'iih lhl''l' 

H'!'IL•Il.1! tlill'ltd 

/!Pp.:d,IIJl':'\, 

!(ll.tl\, dild 

0'1..:-tllli d 
(1/ll'- [ iJ 1 f< 1 

ur 1 he 
tJ ,. l IJc 

'(JI,)., \l)~r~ :).·,1~.' en1p1~.\}\ nh.'nt rncrl'l11l'IP ~ .. d\1: pt~' ... , 
! 1

'' :.!\' 1' 1:1'1 .111d 11L'II trt!' m:\1/:\L·, rcn•:l.ltl.'c! 1,1¡ 

"!7() (l')l ). 

-1) 'lile !9f1) tnr~ .rrc <.ti 1ltr<1Ctccl f¡om tlll' ncw 

tnn rn:l!l•.·n :tllli tl11: lcl!i,l•ll/11'! l'll'l'.' !rl[1\ .•re 
J(l, (!,;d (<1)1

1
1_- .' 1!c.!d) J1<11:i1 1Ll.l(!i.'d !1Ji-\().¡)'.'(\ltlfK 

Ncw ;on."-1•• l<':ll' l!llflt'(l, lh'c''- ,11c c,k,d.n.:d 

~·) \\'11!1 !11·:~.:- 1.11p.:-d •"u·,, tll<'~thir(L o!' th<.. 
re~·~~·n:d l011\IL': IL't.!l,, :111.: .111 ;¡d,lltlnn:d \1/ic-lh:rd 
o" lhl !>.1'-it ,.,ll''tl>!l:tll\ lllul'Jll• ni'> • .1\ :npuh, 
J)'! L'\1 1~ li•/1 :11hl lll",\' rr1p 1n:1111L'l~ dl'l' t;('JlL'ld\Cd 

!,,, :cn:<,,t',t) 

(,) llrc' li•l' m.•l! 1lt''> fr(llll l.itcp .¡ .1/l' '-llh!i.iltl'd 

fl\11'/ tll'.'·l • :1-. 11 :p lll.lilllL'~ :1nc! 111,· /l'lll 1111111~' 

fltll' li'l''í •''A' l~·íll~.?,! 011 tl>c· J'.ltll:d!~ lu:,lni 
:··J\0-I:~!\,,q;, :\t:\\' /Ulll'-l1.•·/lH1C JllJ!J"'"'LLllh.',.'' :1re 

l\1 'e Ll !.~ ll'\.. 1 

71 \\'11 1.1 tl¡,·~c 1111pc·d:JIILc-'>, t!ic fu!! reglonul 

<'Oi•!:c•' ;.,,,•., .rn.l !he iln.r 1 llllC-Ii:lrd o( tlll' h;hll' 

t'lll!> 1r•'.;>l,':ll 1/ic'll'illl'Pf'>, .t\ Í11pllh, li'I.U\1 ¡-; !llll 

d'"' 1:n•. '' 1P lli·'I 11CC<; .!lt' ~l'fll'tdtl'll í'n1 l'J~:u ~t'l) 

¡.:) T!,t· tr1•1 '''.llll•:c~ f10I'l ~~c·fl í1 <IIL' '\ILiratt;-¡! 
f10n1 ,),~,.·..,l· 11':\\ ''tf• PJ.Il!lCl'"~tPd !h ... \ 1\.'ll~ttfll/l.:_' tlC\\ 

liiih ,•;,· '''·"
1
ct

1 tlll iliL' p.irll,:!l:· !ti.P.It,! !%0-
,,~·l \\ t 11 1. ~<l \\ ;nP•.>to /l)llL' fllllh.'(1,111'.\..-. lf( cd!­

t t 1 r 1' ~,.! 

lJ) \\'•t !, t 1ll'"'-' Jrllnl~lf 11H e'"· ( '1c fu'' ;c~'H'Il:d 

(ll'': :,,1 .•< •1·. ,111d /<'1<' 1, J\ll l':I!Jl)\l\ llll 111 ll)('l 

,,,~··.r"', f~·· '. '\~ ·~) rtJJJ .111< 1 ~ 1 l·•rr:lJ t'J\··~ J)tl'l'·• ... ~,• .r:1 

l ' ' 1 1 : 1 ' 1 ' ! ! 1 • ' "' ' • 
1 
ll ' 1 

() 11 ~·\_, f t 11 ,.:. 11) ') ~ l t ( ) 1 \. 'l 1 '1 ..., -

Tlll' 'IL'II' i'"''Lc''>\ 11.1\ /1111 !hiPti¡'h '-,~cp ~: li1L 
/CSll!il•l:' )'''J'i1

1
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.._. · : p .1, \ . \ - :• "' :-:1, · p '. .111 d X;\ -- 1 . <.; 1 t p 7, 
,

1
,,111" '" l "'tlll' ; ¡¡,,. dtll!t'd :111t'> 111 1 ';'lllt'-' 

,,,en: 11•, ;l¡,.•,l:,,n, lr,:>1 ¡z,,,¡ 1\' r,_.\\G, tl1e 
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cqu•:i~l//ll/11 'llllll<t>ll l'f litl' 0/1~~/1) ¡l lt'/'>1011 nr !hl' 
/ll(•c!:l ;>:tll,;¡,•c f: C.l/1 b,, ··Ci'll t!1:.! !he 11;::11 P'"'·,·,-; 
COIIll'' /,ltllt'f clo\t ::ftcr !hiel' ,,.,,_,1,/UIJ'> 1c1 11i1cr,· 
tlic o'd pilh'l''-'> l'.,t' .iltcr ~!\ l1ci.ili<ll'' J'l.c• f<ll/1~ 1 1 
C('('ll/ \1(1:1 or { h~ /1~~~ pr<X'c'~~ \1:1\ ¡jl){ [lJ!) ~~~ d:· 
'>C 1! be.! .t bt•l t, hcc.ltl'>t' of d 11 une·\ p•: Ll (·,! u pera 1 IOil.rl 

ddlc>,llc'\' 111 J PLL:;-.,¡ l he mu.'cl '~ tl:c,>rc'llt',rlh 

C.tp,t~)l,_ of j)IOjCl lifl!-' !he- /l'\11·,111\l' 111 lt rP1~ o( 

~~~:r11 li re\ 1 1'-.llih~~~ :nn nt 1 tKa!-"~n "'~ cmp:u','l~:éill 
,1 ¡,! p >¡>trl;•:1nn, t" ch:tn~c'' 111 l-:1·./C l'll1ployn:t'J't 

,t/](1 '" tr.rn-.pni!.!IIU/1 fd•:II!IIL'' f !t .. ',l'\'Cf, 11 l.lllll•l[ 

'-"':r.•l•.' 1'.1''' a /l'/0 cl1 !1·)-'l' 111 ~.:•-.,:· L.'illp!nyn1. r:t 

':lll'll' th'il I'L'IL' llll[ ~lill.c,:lll/L'; >[1/ll'' (nr [¡¡•¡,·! 11,; 

¡!¡ •, ''II1':L, tn U>l/c'l'l 1!11'• dc 1<ciL!H] 111 ll'l l'\' 11 

.¡~·, ¡ltJ\ ¡)tl~~J~)'l' t11 Jll,l 1!1,..· lvtlft!· 't. ...... U,'\:dtl 1\:, n 

i) el/ [ 1•<' lll'\\' J• 1 (>,,·,-, d'> (I/ /~111:1: 1 ~. l'liL'I ¡j,·d 
;\•, ,'/) ,Ji{C/ll.I!Jil' !l'~l. ( 1h' 1Jl11)L'II_¡fi'.l'-; f¡(•/11 

~tep !--! l'.l'!l' u,c-,1 .111d I!'LL·\1 1··•' ;t:!llil ·" 111 

<..,:cp ·¡ ·¡¡,,, illl'Jil\ t!1.11 tite!."' "fOIIt:l 111</lll:..''ll 

.... ,~ .,d,kd to ti>L. prc11uu; lllll-:l,.r,''· I•PI "'"1~ 

! 11l' /ln/:.-<i :ncn d,-,1' cd f1um :l>c p!i•lf ,:.l'll1<r1,· ,,¡ 
tlh! !.t~! .Pit_H\,Ji 1:ll1L'llh.•n( rl ht ... lt....''ll~', eJ' [~l' ..... •l {\',ti 

c·.l.nLill''- pf !he ·.¡•.111:d t!i-.tli 1 -<~JiltlP ur ,~¡, ! "·' 
J:tc)I\IJ• lllC•<.'/llL'/1{ (011(' bd\ll! L1/J d [110-dil/d\ f•ll; 

-¡ 
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n.:lll't)Jk .111d rh,· ••lih·r 1111 .1 rln,·.:-lhiJd' fui! ncl­
'''" i,) ''"''"'!, JI liJe l•t'l\ j 11tlLC\\ li.1d ¡,,¡¡¡¡d .111 

l(~llr'• 1 1i'IIIIJ '11 1!1c· l'r'r [llll'~ <ort'p'>, h,· 11l'.lri)' 

¡d,~n'''"' Ir! :.lti, ri¡._· !,rr·•v.l drP,·Il'llL<. ;¡¡ !!1<.: 
C'IWr•\1 '. 111, 11,,, ''-''' rh.111 111,· p._·r--·11r 

·¡ 1¡,· IL",II 1!'> <•f !rl.: l'''i'lil.•lltlll jlJ<)I'-'l'li<lll lll.tdC 

ll'i!ll r!¡,· · :>:L'\1 l'rna·.,.." :rr, ,lltl\111 111 l.ddt: 1 Of 
jl.ll rJLJJi,IJ llllt'll''l lil'IL' 1' 1 !Jt: dq'IL't' lO 11 :11l'!J !IJC 

f(''>ll:\, 111 r~•.· 111'1t/ .111d lollirh \rt:p·, 111 !!Jt: ¡liUlt'"> 

\ll~';'t'\r .1 ... ,;.,_·¡ .. r;• 1,:.· c:.rllll.!IC ,,,. I 11S0,p(lp,d.!IIL>Il 

'J!J.:,_ p.•;r:cp~.ll 11111' ,.,,.,,. n1:1d,, 1111 11 r!w 111pu! 

ll'l~'.,J.Ii:-c roJ t!lt: ll1·,r ,¡, j• hl'lll:! dl'IIIL'ti llllll1 :111 

e,: : 'n .lit , : r 1 '1 (_. 5 : 1 '\ ', 1,' ,,, ,·d t> 11 r lw 1 l) S ll n.: 1 11 o 1 !. 
)•¡ llldl'l 1<' rl'\l !1>,' '>:.'11'11'1 1ry uf r!J,• rruU.'~' ro riJI> 

l>.l'>t' J'•'llo! .. 111 ,¡IJLil),•rJIL' \l'l Ol ll!ll'o \\'.1$ prúdlll'Cd 
ll'!lc''t :~•, •llptrr 1111':1,·,1 'lll,' !O rhe fj¡,l \lt'jl 11;1<, 

d._·JJit'd I•Pr'l 1),;e \1 .. 1 lllfl> loaLkd 011 th..: !'ISO 
1)('{1\(JJ:C 1 :t ''-'.'tl'Jd ''~P IJ~t:ll lhL' '"P' flllill tli·; 
p!CI'IPU,'I· 1 l!IJ \ !~ ::', ct¡c· ·'f'IJc,C' lll'\\' rLJil'> ll't'IC 

c,dlcd x: : \, \1. ::'.\, ':tJJd :\L .1.\ ·¡he pu¡)~l­
bii"JI l"t ll'l!h':ll' n\>i.lilll'<i fro';n !IJC~C llllh .llL' 

CUlllp:ll,,i rn rl¡c Jhl.j)td.Pri•Jl 1/;L'JCillCill\ fiO}ll !he 

• rll'l'll1tl' llill ''-'JI('\ 111 ·¡,l,l._•/2 J[ IIJJ) bt: ,l•lC>[ÍCC'd 

rh.d tli,·¡c .tle wb,l.:ntJ.d d>lfcrcnces to b.c· found, 

tkflL'IIcflll¡'. llj)<'ll lile fl1,1d~ nn !!le lll'II\Oif.~ li'L'd ·', 

llllllil '" 1 he l.111d thL' JnodC'i 

J'wlot<l Tn/1 ,lt:allt~l !lll' !970 ( ('//1111 

Álll>lill'l' ~l'l nf le~h 11.1~ done lC>IIlp.lflll:' l.lfl<·'' 

l''>rllll:I!L~ of I'J'íO j)d¡>li!.JrHlll, l 1t:lllllf i'lt>lll ,¡Ir,· 
¡t;IIJ\l' lllüdt'! lllll'>. \I'J[fl ¡J¡,· 'f 1)ill ll'lh'l\ tlf' jl<>f 

idltt•n Thc '"'' 11170 L''r"n.trt''> ''-·,t..:J I'·L'Il' rl"·­
j)illdlll't'd by riJC \r J,\ IUII. 1\J/I.IJ \IL'IL' CXJ1t:lll.: 

rt) [1,· !IJt: he,¡ 'L'{ '1fll.: J<)7(} Lf.'ll'>ll~ d,ll.l I'.L'I 

'>lli'I'!IL'll b) r 1Jt' S.lll. ,-l.llll'l'>ll) ~k!IL1J"'tll11, ,• 
IJ.II!-.J1<.lli.Jl!Ull (.()JllJl11~SIOil (ti! !l) 111<: I:IIJ.Ih', 

tr,cd \1',1' !r>:.tl popul.trll11l hy IL111C (tht: ~')() 111,, 

d.JI.t 11:..: ~uppl1..:,1 11:1s nwd¡f¡,~d hy 'il'''''n:~ 1''-'' 
/lllln, !O r<.:llllll rtliiJC' o!tJ'}í)J 71'1ll' '>),IL'lll ftlllllL'If-. 

~~~-·d hy tv!l C .tnd ,¡JI! ll'>t:d 111 11 u; 1' J 
rhc lllljk'd:llll'L'> ¡¡,ccJ lO Jll Cldlll e thL· X l 1 \ 

l:111d li'>C c'>r llll.ill'~ resultccl 1'1 t)lll thc !t>adlll~~ •': 

c~111nalcd I'Jú5 111ps plt" t 11c e,l/llldtl'd 11J7t) rr"' 
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f ¡,f(J¡cr, lfiL' C\lilll:l~l''. uf fC)7() h.l\ll' l'lllJlfUIIllCIII 

,\l,•clt lll'rc· 111p11t ''' .•11 <~f !fll·,.,· run' o/ li'LlJ\1 
\IC:If' p11•dtllcd hy flf"\J()f) (lfll' l'\1>1111:~ IJ,I•IL 

cmp!o;lill'lll IIH•liL·I li'L'd 1>; ,\IIC 11h<hl' llllljllll\ 

\ll'fl' ll\•.'c1 •'1:1.'ll:'hlllll 1111· 11 LUI' flll•ll'd) 1 Urllil'l, 

actt:.tl 1~7\J ll!. \10!) c,rrrtl,tlc' el,, 11"1 c.\1\l, hut 
\ll'IC j)f(•d"cld ll)',\llllfl 1) !.ildllc' Olll' thltcf ,,¡· thl' 

l'\liPl:ltl',f 1')(,) tíl fl);;(\ lllc:L'Il•c!1f,¡l c•rnpl,•\llh'lll 

('\(llll.r!C'> !"rrl.il!y, ,,,,_ I•J70 ll':"l(ll),¡j r(•pul.1 1 hlll 

L'\111!1,1 1 ltl!.d\ 'l'l JI'I_L:\J dtd "''' l'\,lllly fl¡,:/<.il 

[l¡c :'!70 lc·n,tt\ !l•i:•!, b~Ldli\C ¡l¡c II'!.U\1 11111> 

1\l'IC L'<>ll2 io_·l<ll~· r'll' Ccn,tl·. cl·1r.•. hCr<: :'tl.lli.rhlt' lt 
11<1\ l 1

:C·clu! llUl lO 'P<:II<! ! 1ll' l<lll!i'IJ!C'I llllll l0 

lc'Jtrn ¡¡,_. nwLIL·t tti'h llhlc'.td, tll: rnoc!c! ruth 

\'.'t'll' ,¡l'iJ'!) \C:ilcd .dtcl'.l:litb ¡,1 tbc C<?n~tr, lOt.t!, 

(cal!L·d :\1 ¡.,, at1d '\L lt\'.1 
. 'Pw C•l:!i•c:CIII or\lcll'lllllll:lltl•ll r 2 bl?lll'l'Cil !IJC 
jC)/0 C:.:ibl•'> J".lplll.IIHlll <

1.11.1 dJhl lhL· ~cakd XL l \ 
e>lt'll:lll'' of i'J7t 1 f''·'Pul:t''''n 11.1' Cl ~7~8 ·¡he Jl"f'U­
J;¡r 1011 <' i,tr •1ll'd IUP\, \l/1111 11.111/L'd lO lllc' COll!ll)' 

lc1..:\ \H!c· :h ~hu1111 111 f,¡hlc: 111 
1 !1c ·tl•'kr.:lll..: bctll'l'C:II X f_ 1 :1nd X E 1 ;\ was 

!lwt thc '•rnpv,'.!IIC,'~ II'>L'd lll \( 1_ J IC~til!U] fr0111 
('111)' ('\{i!llOI{t:¡l JC)(,) 11'"\ itl,¡(IL·d Ull t!J<: C'dj)dl'll\' 

'71 

rc•ll.lllll'd I')SO llC!I'.'tll k l 11L'Il' 11.1'> (l•rlv .1 lllliJC'f 

¡ 1,¡1,_.,L'IIlL' JI) ff1C l'll<'flili,Jl( ()(' tkit:llllil\.ilj,,¡¡ (r'J: 
i•L'l\\c'-'11 \ ,. 1 ,¡¡¡cf I'JitJ (('ihll\ .Jilcl ri:L' 1: ·l•c'lllú'IJ 

.\1 1 \ .111<1 I'J71J CL P\11~. 1 !J¡, ,Jll,tll dJ:krcllt'L 
11 ••ul<' lltldPuhr.th!_v 11.11 e h,·,·n l.t: :~•, · ,,· 1 'r;o· 
C.l¡ltlJI,Jic'd r!l'ill''''-' IJ.I,I hccn .1',.¡:/.ti,lc ''-'' ll't' 

t!hk.ir! PI. t!J.: I'JS1l lh'!l'.(liL,. 1 il:~ 1: ild\ P ~:T/·1, 
.111d !lic' LOI'lp,lt.lhk •.nu'1l)' levd ''"'hii<'• :11<.: 

'1",11.11 111 't;::,¡,· IV. /·.trile UlltlliY i.:I.:IIIIL' ,lilki· 

('ltll\ ht'!IIC'II i!JC (\'.'C· l'lill\, ;1\ L'Ulllp,tiC'd (lJ lilt: 

(_'Lih\1'•, d(' llCl! \Cry t'Jt:,•,( 

¡\ lliiid CU11tp:Hh0Jl 11111 W:t\ tJWcie, \!: JC, li\llo!~ 
rile L''>litll.il,'' nf !')(,~ ··n:.¡J." •1:tl:, Jll<'i'·''cd hy 
~.JTC ·" ¡l¡e rrlJllli'> lL' thL' !PI [ 1ill J:J/11 jH'I'ir!.I!IOII 
c't:nr."t'' In thl~ c;t,L' !lrc CO!rcl:.ríon (1') hc:\'.IL'l'll 

tite li'Ll',\1 c~llill.rlc'~ :tlld thc l'rJU (\.:11'-1''- t
11<l¡lj)Cd 

to (: hllJI, thc wn¡:,¡ of rile '\ll. 

Tl1é 1 l1 l.l 1 .\1 i11l'(kl w:t> lllütLltcd d:lltll•' thc 
!1 1_!_ 1 J> projecl lO lilCJllc!c :t l'i1! f t '.'! IC!Il f.Jt ll'l J•.'f 
th~ ~.tlccr of ,1\<lll.th!c \,lc:•n! lJ11d un lc·,,d,·n:~,¡J 

IL•L.IIIC!Il Th:s cnrtCL''IOil fdl'IOI 11:1' IJ\'.<'ItdcLl ,,, :1 

ollll<':' 111? lilCa~tlll' of "d~l.:lup.lb!li!y · ,¡f': 111d 111 a 

~ilt'll /OilC ¡\fl of lht.! :¡h~lll: Jlill'> o( !f'/, 1_:\1 llCil' 

111.rtlc '.11\ 11 th" cnrrc,·tloll ;,.,'lll1.:-cl ;\ run Wo~\ 
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S ll Plll~l,\1\1 

r•r.tdt, arr.r'o:•ou, lo :\f .IC', hui 1111h ¡J¡,· cotrClltL11l 
~-·'''"' ,r,r,·:ll! 1 <ll 1h1, ttlll, c.tlktf .\1 Jf) llrc ,-: 
\IJI~r l•i;() (\11'1" ¡ln•pp.-d <.'ll'll iu1tk·r tu O E 17(r 

Sn,·t.rl l''''"n"r:rry l'''lllu;rtllh lll.t~ hl.' di.tll 11 

ftl•rntlt, ,,. 1 tll1; '"''· tlr~: '"!.' uf.tLurrcLirnll l:llltlr 
ll'!.·c!t, L'\l'll 111 ;r 1 ruLfc 11.1_1, t.tk,·., ~nm,· <tll'Olllll 
of t

1
tl' :rp;•,ttt'lll ¡l(.·l'l'l"l'·"''llt)' uf \.JLtlll l:11rd. 

pro,:tiL,'> lt''''lcln:!h',· llllfliL•IL'IIll'lll 111 lit!.' rnockl\ 
("~11/ll.i!l'\ ~>l'Llllld, 111•-' lh(.' L>f' 11L'(IIO!k~ L'<Jil~'l'>ll'd 
) 1 y 1 1 1 ,· 1 "' :! \ l'' 11111 " l'' ll r 1 1 1 p ~ r 1 o ( llll'L'' IJL·t 1 e r 
f.•11;l ll>l' J'''''c'l[IUih i!r.tll 1\'l'IL' ubi.:/llc'd h_\ liiL' ll\(.' 
()f od:'l'"'' ' 11!111\(.' Li: r:.•L'I<.'I i;IIL\ IIL'IL' C\(/lll:i(t•d 
!JI'~· 'C ·r:dtj1L'llLil'lll ol lht• l.tllll "'l' t';IIJll.tll''> 
·¡ 

1
llld, :11 •!,e n•un!v !,·,·l'f ::1l' ddl-:r,·nce, hctiH'cn 

p.rr':"' :,.:,!rll:'' or" r:l<-' lk'lllürk; h.1 lh,· tnodcl 
p.:t

1 

.·:·, ,:,-' r:ur \lru11\ up \cry dr:rm.t!rl.tlly 'J ha,• 
are·, !1<•1\L'\l'!, ~il.rrp dr!li.·r,·ncr~ :11 thc ;onc il.'l'cl 
\li1JC)r ~.\1!'~'.:>1 !h.tt C.trl'luJ furlhcr 111\l'~ll)!.ttlüll of' 
~h~.·~~.: llllt.'rr,·'.rllorr~ll•pc, '' dc~11:1hl.: 

The lh'l'c'!Opill<'llf oj /)J?A ¡\f; 

A mo~t irnport:1nt rt.·c,·nt devclt>flmenr \\rth tire 
lTLllf' pal: .. ·_~,. h." bccrr thc constructiOII amlnr,·­
llllllll.:ry IL>I111:2 uf a Dh;rp~·rr~.tléd n,·~rdcntr.tl 
Alluc.rlrt•P ~lo<k'--IJJ{,\~1 lhr~ modcl \Id~ a 
by-p. t•t't:t 1 of .111 ,JIIl'lllP' lo IÍJILJ .1 llJC:IIJ\ OÍ d0111g 
a li~IC ~::1(~;1 c:.t' c:•!•[Jr::I:L)Il o( IPLu\1. 

;Du11n!· '''" .ttk•npt '• \\,ls c!rscmcrcd ¡lwt, wrrh 
011-: l'\tci)!lton, 110 l.0\'.1\' dCI/\,111\C rnnlc! h.td 
l'\·er /)_.,.,; \l.r!,.,lrc'.t!:y ~,,,1;[1, 11ed rn U') pro~ctr .. ·c: 

/11 l'Üilll.tL
1
l'I:JI<.IJt•l1 11 11.1; al;o di'LO\'c·rc·d tlr.tl by 

lc'C.l'>llll." tlJ,·,r.: rno,k!~ 111 t!rc \\'d,on !.'llttopy­
n¡t\rrll:!rrr_!! f~•rn~trl.rlrOJJ, ti': llrrtl\h ho~d rn.td.: thcrr 
pr",:'r t.tl:!Hc!lll>rr .1 lll.''ln o: cour>c 111 tnodcllrng 
;liUJtlt\ > ( Llll'>CLJliCilil) !/'/_1 1\! ll<tS ;u rt'l'dSl, .tnd 
.tl 1'"· ~·"'" trrnc r\h,dtficd lo :1 ~OI1JC\\ lr,l( drll'crl'lll 
luttll :rq,t ll\ '>111!-'!l.' 1 11ltl'>~·'ru)d l)fW dr;;;¡!':'rl.':· .• r,,J to 
r,,,,, 1,,!1,,;1,r't! l)J1''· fJ¡¡, rcf,,rnw!.t!L'd rnodel 
Ir,¡, ¡,,, •r 11,'1'1:<1 DI{,\ \1 .tnd ctlrhr.11,,1 .rll boilt 

~,¡·• lr.rr''·'·'~' ·'"'~ \~'lllll'.IJH''" d.ll.: >Ch Thc 
t'~·,•r'¡, ll 1 l'r·< c.rldrt.olrt>Jl \lurL '::r\e \lt'llltc! re-.ult'> 
\1 !··, '¡ "'.~~·~·,¡., ilr.il l.'.Jt' 11 or tire: ,,;111 !r.rthdlo'd 
l)'l'l'~ (t

1
tl:)lc't)'hy llll\lli'l' L 1 .1\\)l~ llh>re .IC< lil.llc 1_\ 

lur,,.:~t .llr .• ~r'w,~; tui.rlf''\·•:rl.rlrt•11 111 IPLL,\! 

Cullclwio¡n JI c•111 rlw~e 1/u t/;c·, L!fo¡ H ll'id, 111. U/'· 

Tl\'ll lll¡l111 lollclthlt111~ :rrc lo h..- dr:l\\n (,,,lll tlrr, 
wot), 1 rr>l, rt r\ l>uth po-,,d•lr.: o~nd n,·,·c,~.rrv ro du 
lo~nd tÍ<.c .tnd lr.!n>p.•rl.ltr,,JJ fL•ret:.t'>1!:1g ,;llh .111 
lllll')~f.llul ·,,¡u!' lllucl,h. "'!he· fc<.'dh.td, IL'i.ttron­
~lr:p; \llrtt'r :lit' otlrt'I\\'J~c· lf,llllll'd l'.lll 11.!\t: 

''!~IIIIJC.IIi( l'flt-L!\ Sl'll>lld, )1.1) 111:' .I'>\L'IIr11 1,_,; ''•• • 

p.rd .. t~,·. cll''i'llc' hui Ir kllt•\1 11 .lltd urd,11"" 11 p1 
1
l:l'llh 1\'J[JJ lh L1lfllJ1clllL'Il( 'llOtkh. ilrl' 'll'L'd f,. 

:·utilll'l rl''L'.IIl'lr cllort\ hL'<<>IIll''> JJiolc llc':ll: 
,!: 1 l'l'lrtl .rrtd lurilrt'l, 11 Clll loe L<11ldUtiL'd \'. 111''' rl 
'liT\ rULI\ \('J'>Ili!O('>) uf [}r,· f'.ICi..l"t' ll'lli.IIJJ .!I,Jii.r!JI, 
·,,r ptll'tcy .llr,ol:.~r; The lh'\l :.l'tlron ,,f tlrr, J11!•l• 

11rll outfllll' a nurnher PI arc.r' 111 11lrrlh lu1 ¡!r,·r 
:~·,l',IJL!J 1~ Cllrtl'JJII) 111 pr t'~''-'' 

fll !\'EXT SII_I'S Wlfll IILUP 

In thc Sum1ncr of 1075 \\L)t k hl·_l!.tll on furtlrt·r 
mudrlic.ttrun .rnd llllJ1fO\L'IlJ<-'Ill'> tn ,-¡ 1 lll'. '-)•(IJJ­
~orcd b) a :_;J.Ill' from tire U':) ~.tlron.rl ~c''''"'' 
roundo~IJUIJ 1 hl.' rt·s,·an )¡ porti<lll~ of 1111, \\di!. 
111!1 f,1CLh Ull 1) 1 he llilc'!_'.J .ti 1011 of C\r,J !n:: JJlc ,,!, 1, 
Jfi!O 1/LlJP fpr tire purplhl' oft'\ll'lldrn:• .rrrd 01 
rmpr0\'111!' 11~ p<•!rcy an:1l~.,,~ c:1p.1br!rr•, '· .11rd :!¡ 
tire (IC\'Clopm,·ntcrl'modcl; 10 lrll g.q1.;; 111 th .. · :rlllll­
l)':ltc,l, lll(Jf(.' soplrhiiC:tll'cl, 11<.'\\' \cr<:ron uf n Ll '!' 

Onc of !h..: k,·y lllüdrlical!on<; ro lx tll .• <L· '" !IJL• 
exr,trng p.r .. ·k:t!'l.' r~ thc sub>ltlulrLlll uf ihl' lll'lll~ 
de1cloped !)){¡\ \l rc,rdCIJII:rl 111Pd<.'i flll th,· llh>clr. 
licd ll'f.lJ.\1 Cilltt'lltly he11t~ tr'>cd Anuthu !ill· 
port.rnr P1CJ,Itfr,.tlrun \\rll he: tu :tdd •n a prul't'dur,· 
lar !=''1rr1r.tt111g h,!'ll crnplo_lmcllt -,he tlllrd rn:.:•'' 
modrlit<~lillll 11 rl: bC' tn .tdd rn :1 nJ<;,1e <.plrt C.lp.: 
brlri) F111:1 1 l~ •• 11 " /J(lptd t'rat 11 11!1! he f)('~'!h 1 : 
lo rntludc ·' rnod.:>t ser of prt•LL'dutc~ t'Clr 111\L',II 
g:rlrll:! ~onw uf tl1e cnvrrUIJilr-:rrl.rl 1111p:tlb :11hl 
l'lll'lt':• tl•ll>l.'l)l!L'IIcl.') of aftct ll.tllh' 111 ~1;111 tll.'\C)liJ!· 
lllt:ill p.tllc 1 'l~ 

"llu: llLl)P p.rcl.<~gc, cven in t!tc p1c1Plllll.!l\ 
forrn 1\!11ch producccf the rc~ult> l:c~cr•huf !rete. 
olli::s a ~ubstantJ,rl increa~c 1/l rulrcy .!11:11.\ 'b 
c.rp:rl11llly ll\'n conventlon.tl l.111d u .e or ll.llb­
port.tlr<•n \IIIJU!:tlrun llh>dd-. ,\nnlhcr portr,1n nf 
lill'l'.otl.rob: ,:,,,,_. \\ilh 11 LL'I' 111\c>l\'l'$ rh P'<P· 
:11.rtr"n 1n .1 """11 •'·'11ch m.ry '•.:: 1c·:tdrly dhtllhlltc.l 
lO ,JIJ)' (1'~1 1111/dliflfl ~.~ ... '")llt/l~1 /[ 

1'1• JI ltl ilrc dncft•pment uf n LUP, lil!.' l.rrhl 
thc' 111<ltleh :111d tlrc tr.rrr')1t111,tlr"n 11Wd,·!, llt'rt 
:rh· .. l)' 11111 '>l'J1.rr.rtcly. T!Jr, p1 r~.tr,·c. lry tklrn:lrull, 
Jlf(lt~IICL.'t' n11l) p.'tlr.d .tlhl\<.'1~ In an) l'·"''•lli.Jt 
poJ•c:y 111\'l'\l!~!.JI't<IJ Jt \1,1\ f11L'll ,,·fy thh l.ll'( i!l.tl 
kd 1,1 rile rrrlil.lliutl ,)r tire J,·lcl"pmerlt uf :'w 
lntc¡.'r.:k,! fl.rd_.t:'t.' \t:\t'f,¡J )L'.II' .1_!-!U Tlr.rt lh1> \\'h 
a lllncly ck'"'"ll lJ-:cnmc~ mote' Llc'.tl \\Jth e:rt).r 
llll'l<.':l'>l' 111 l'illl'!_\' L'lilhl'fl.tliL111, Clllh>I0/1 corllrc./;, 
i,IIJt! t:>C CüiliiL>!,, ú'illl'J L'll)' l<.!lil!il.tr II.Jflr•: 
rl''illlltrun~. :t11d "'her polr .. .-,,., .1m! rrnp 1r<..t(J(Jrh ,,, 
.rltellt,t!rlc urh.•11 '.\''l...:llr lunfrrlll.rtror:, 
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llliL'I'J:tl>_,! (f,Jihrllll.i 1 il>ll .111d ll\l' ¡•!.t!lllÍII)! Jt:1~ 
Jnl,~! k'L'JI <ft·,L·li··\L'd .1\ .t lf<.:\lf:Jhie p1t>lt'dii1C, fllll 

il1C ll'lllll>l:<'!'\ ¡"¡q Íh .•p¡•llt':lllllll 111 pr.lclllC: L!1d 

Jl(l( C\1.( flllll,lf \',u¡ J. 1'.1'1¡ 111<.: J11l'illlllll.ll\' IL'I'Idll 

(lf n LUI' llc.lll)' Lkllilllhll.Jll'lÍ ¡11.1! ')'>'L'IIl,lliC 

crrors \IOUitl he m.HI,· 111 l'\lÍill:lllll~? l.t111l lhc' .tnd 

tran,port::llt>n lnn·~ljliLII<..<.:\ 1f unly p.ti ¡ 1:1! .~n.l!¡ ~¡:, 
\lt'rc ,.,.!11 1 :1U~,1 Tlh' ft11 ¡ lll r woJ!., ¡I,",Cfth.:,l lt~·1c 

~ur:·c,f· '''·" llli<:~·r.ttL'd n¡n,kl\ -,,¡[! i'lc><it•ct' h,·¡tc~ 
fo:,·,·.~,~-. !'•.:11 J'.!lll.tl n:,,,1 ... 1, ·r r,c: :1\,ld.>l!!l.t) <': 
tlll' lll1•"d'.nl lt'hlllll o:' 111 U!' riOJfl.l'>Ll! h~rl' 
1'.'1!1 !'IL.:'l.v ,·nh.·nLc: 1' 1 

.. 1JPcr~· ahdny lu p, ri'ur~:~ 
J>Jor,· <..'(•.n~·\ il' .lllll·. '"' lntul'\! P 1 p'.ll·ll.:'l ~ 111 
111 L11', ,,, 11 :n 11, Prcltlll'll.ll)' fn:111 1¡,,, h<..cn 

l01h1Lk',•
1 dc f lllliJL'I lll,lllllll:IIIL'Pl\, .1 1 1'11~ \\11!1 

a CC'Il'll 1
<.:1Lt' ,.r¡Pit ~l' •n . .t.c 1t<; ll\l' k~., l!::l:n,!t 

:.hu:l\1 1<'•11!1 !fl >!<, l,t!lh'l ll'ldl'\[)rC,ICJ ll~C'. Ir ~(1, 
ll¡c bL'I11. 1·h '" L1.· i1.1d IIPI·l tite· rnipl''"·d J>!.tnnrng 
art:<I)'L'~ 11h1<..h 1! 1\,)li!LI iJl,\:"· PLb~'~):, ,.,,,trld be 
con:.rc!L'! .d1~~ t 

IU 1 1 111 NC 1 :-, 

l. C.,, JI l'lllllidll, Cl u/ ( I'J71¡ .. i h,· lllll'IIL'I.lii<III''IJ¡>. ,.r 
tr~liJ',pO!I.IlHHI d1..'\llupllh .. 'l11 "r"l 1 tlld dL\~o.·l~•pr.:lllt,· 
ltcp<lll '"' ('n•ll'·"' 1101-! 11-Jt.·,sll, L: '> ll,p,lll· 

IIILIII Clf il,ail'l'llillll<lll, l "!.:¡,¡J lj¡, il11.1y ·'\dlolilll,· 

lloli<Oil, [ 11[•.111 f'i.llll111ll' f)llhiL>II, l.1i•.a:l lkl<'i<>pii!Ull 
¡¡,,,llcll 

, S 1! l'ulllld!l, 11971/ "1',~1.11111"'' )' ¡co;t.lh frut.· ;q¡ 

HlLLt~l.!ll'd l!.llh¡H,I(diiO/) ,\ild lc.111d l!~l! 11 .11.!• :, 

pd\..~.t!~l,·· ¡,"l''ll•'''t'llolt 1 \t)l l, JlP J9~ -:!2-i 

J. C., JI l'aliiP.I!l, ( 1'17),1) "\)¡ 1),'11 1.111.! ll'><. o!lld li.lll'o· 

\'C'Il,llldl) llllh 1 ~ f.., e' '':lll.! lll lhl.' ,:¡r •d 11lllllal), /1(/11\· 

¡'111tlc,Jtoll N,·,, .ut.f, V<d lJ, i'P L: 1 -.1!J2 

4 ~ lf J't'ltll rtl, (! 1)7""~ll) ' ( .tlabJ.IIIII!_' t! (.;h.l'"'lt'~' tf....d 

fl'~r ... ll.ntr.tl ,dJ,, .... rtrPn ,Lnd~.! ')1{ '\1 1!11: r~,. ... ,,: ... nd ,r 
"ll!hrrll)dll ul ti:._ l·~tLt_'t.ll<.,l tr,,q f'lt)J\ ,!JP/1 .tihl 1 ¡,¡J 

u~' p,,,r "~·, - 1! 1 :.JI'" 1'1..:'.<11'"' 1u rl,c J¡"'"l' 
Rc~~~~'il. 1 l ~ ... ~~ n..._\... t\~~ ... H'IcllllH1 1 LtlJ!~,.l !ll, )•.p\t'lll~,l: .¡ 
1 •) 7 5 

5 i\! l~.111y arll' <; \~.:cl.u: (l'i'~J 'lile c.di!>r,lliClll e' 

g¡avtlY. C'I~'I~Jf'~, :n'~d n~! 111..\1 tn"d~b or t,.¡-,..tt,,tl llltl'l­

acfJon,'' 1 J'tllPJII/ 1,'/t! untl 1)/,ontlf't.:. \'ni 4 rp 205-~3 ~ 
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PI{FLJ\11\J.\RY fn~ULTS 1":~0:,1 \~ !:\ 1 LCI~ \1 FD 
fR.:\\'SPORT:\ 1 10·~ :\:.JO LAJ\'D US[ \!ODELS 1' \C K.\GE 

:)Jt:l'llENl-1 !'UIMAN 

·1 '~UC/aiC Prof<'JJOr, Dc¡>arillll/1/ ofCrt; and R,g¡onal Pl •. nlllng, 
Unn crs¡ty of Pcnnsy[J·an¡a 

-\HS rRACT 

Th1s paper de~cr.he~ lr.e rc·ults, lo da!::, of an cffort to intcgrate " l:-!nd ,¡~e 
Jnoc.el with a tramp·-•rtatio~ '1Clworl· model for the purpose of dnalyLJng fhe lllter­

rclatJOn~hips of trdnsportation facJl¡!y dcvelopmcnt and land dt\c}opmcnt. In the 

sy,tcm willch has bcen dr.•tloped each mod.:l provides inp>Jt lo, and 1eceives feedbacks 

f¡c,,n, ~:ach otiler model To !he autlJor\ 1\nowledge, !he effort de~cnbed here repre­
St'nls H•e ftr~t ''llctt·,sful atkrnpt to dnclup Jnd ltst an mtegrated morlcl pac>- ;ge 
mvolvrn~ tJ¡est H'Cljlrocal !clati:.lllSrllpS Tlte :L'>dlts obt.1ined fiOin prclJ.-nlmny rúr.S of 

tr1s par~-Te should be of cons>rler;¡bJe Jl1!erest lo both trdnsportalion plcnners and 

Lmd use pl.1:-.ners. '.\-"¡th thi~ integrate( system Jt has heen_¡,OS'>ible to obscrve the 

¡n;,·trti:Jt>c,;Jslups, and 1'1 r:u;icuiar 1he fcr:-dh;·cks, hetween land use and levels of 

traff,c O!t ~he JJel'"-'O!i.s. PreliJmndry rl'<;u]ts tndJc.atc that conge<;ted netv·or~:s procluce 

lt·ndcncJeS ~c·v.ar.j l'IP1Jopnl:t:m centr.-h!dl!On At1t:Plpts to reli~ve con~:cst>on "·em to 

¡'i<_.rlt •• :c ·n,t;upniJt~,J dcc,·nt;ah'.21Jon ~nd lncr~.,,cd tJJvel wh1ch Je:d, m tum, to 
ill•:t;opolJt:•n ,p¡<,wl :md ;¡;crc2<-c:d >1Jread of C0Pgest¡on. 

IntroJuction 

1t i~ r:omPlOn h10wlcdge that in the pa~t two dcca,Jes thu.: l1Js bee11 
cnr}rHiO!b public investJ1Jent in highway con~truction Th1s ~dmc pcnod 
tl;j'> aJs.:: WÍ~l1 C~~t'd Lrgt: scalf ·~hifts 111 rc.)pul::Jtiun from nlrd} drea_, tu urban 
;,rc;¡s .md '-' ithm the urban area, fwn~: en\er-city to suburb E\ e:¡ \\'Ítiuut 
J:tcmpting !ier-::' to define 1"1--¡c c"rlilit C.!'..lSal ieiJtJOn<;htp5 bd\\cen 1hcsc 
íc\O dc\e]opmcnts. it 1::; pc:'-;ic!t> !o d,~(.rib::: ;¡ rciated phenomenon ll'hich 
;, +l•n f""~"r .._(" tJ-'" ¡·•~ro·¡r')-, ~n•c-h"cll,~rC Tt.• 1 " 1 d 
1) IJH~ tU• .. U..>'-'' .... ~ ~ •\.1 l'-..J! u .... _ ..... : ll\.J\ .. ..1 Jl"-1 A JH:; ;··~i\.\j~Q¡j}(>JiOH J~ (,l _ .... _r·vc ' 
r¡ot ,.~r·,·q'lr~·¡íly, \' he~1 thc co;J:~truction of 2 ;¡ew <;cc!ion of w2d\\d)' is 
fr::l!fln,.~cJ. ;:ll ÍOO ">00:1, by '/ffy hC~\ y \ISdge <iJIC sub-::quent CU'~):;2'-~j')n. 
s:~t'C>fic1l!y, the m.t·m~ oí tbs píOCes:. :::..:~:ms io be that· ;:.) Due: to the 
lll.tdeC]_u;¡cy of e).i-;ting faciht1es a dé"á,ion is tahen in a metropoliLm drea 
te improvc tr:ct'l~l'ort facilities (u,ually by road bu!ldmg) for a pantcular 

.•:lttcir:\t,0n of !he r·<.:'·V ro""L:\\3Y, la!'d ch.velopers ~nd/or 'J'L'Ct,l.t!t'r~ 

becullle ¡;nolHC v.iti1 propnt:<:'> n2ar the propo<;cd route A<. L,_,,\:ruction 
of the fJct'J!y be:;ms, ,op1e homcow .. ner~ and bu~iile~<;es may c•,':l''f'er and 
even act upon lor-~ltiufl ür reloc:J.llon dcC!Slons. (\Ve do not 1cfer l¡ere to 
reloc:1tion forc.ed 'o~' the f3c1!1ty con~trllction.) Uron cui:rp;etton of the 
f2cilJty, add1tion<.l location de:cts;ons are rr-,tde. Finally e) a r,~]a1Jvely 

sh0rt tírne :Jfler completJon of the f:·c1li~y, thc dcrnand for 1ts use grt:atly 
ex·:eec!s the dem~nd \\ l:ich exi~tcd prior to the decision to wnstn1d it. 
Conscqucntly the design cpacJties are 'iOOn rea:::hed 2nd oftcn eH-=t'ded, 
rcsulting in co'lg~st¡on 21nd prtmature obsolesc.L·nce of the félCJ]Jty. Wl,ile 
this is a rather gcncralizec!- descnption of a ve:ry· complex process, it is 
n::J~onably ac,~>Jrate. The prinCipal question :Jddrcssed by this Jesearch 1s 
whether It is fecsible, vra iqtcgrdted tramportatiOn planning and land use 
pl2.1IlJng, to avoid or ame1iorate the occurrence of thi~ p3rticulélr phenom­
cnon in tl-¡e futu~e. Furtber 1l was the :ntention of the re~e:Jrch de~cribed 
herem to an~dyze this p;ocess and te determine whdhcr a) bal;¡nced 
de>elopment of transportation facilities_ and land u~e :-; fcur;Jble, ard b) if 
1t is feJ.s1ble, what mea.ns are avai!able to accomplish Jt. 

TI1ere JS considerable evide:1cc mdicdting lhat the demanó for hi~h 
way tr3.\el is rathcr semitive tu chan~es in hig!Jway capacJty._ D1is 3;_;,1si­
tJvity, a::; de:,cribed above, :·rcquently results in heavy utlliLat•on ar:c 
congestion of new fac-i!JtJes soon after thcir cc,nstruction. Tt rn!r''11 be 
argued th::t1 i 11<' solut;o'1 to 11-,:s pro~)]em ;s to construct more fc~c1li'l'-:.;. It 
is pos~1ble that at somr poJT1t, 1f thi~ po!Jcy were followed, an equ!lilJnurr; 
situation wou:d indeed be reached. This conclt!'.,ion can b.: <;up¡~orteJ b~1 

a~serting that the elastic1ty of demand for high'.vay travci ts finite. How­
ever, if the "population" gener<J.tmg that dcmand continu::llly increases at 
the sarne time,.¡t JS not ckar t~n~ the total d.:.mand can essiiy bt:: Scti'-fied 
in th1s manneL The lim1t of th;s strategy, at tf:e extreme, would ~e 

reached when ~o much lJ.nJ is converteG. ~o ro2cls that i2nd devclopmtD~ 
for othe.r purposes is restnctecl, w:th a co:"l~equent Emit on trip gc~l::'ration 
and road use. It is obvJOu:; that th:s '\:qu!libnum" i~ not the cle.,JP~d 

solut;o!l and JS hopeft'!ly r:ot fer.::¡1)1e in any case. It will there1ore be 
necessc.;ry to analyze ;-'0~::1ble Hjj1rcrr11ediate" solutlons. 

An:i pot::ntJa!ly fc:<sible sol;;'íor.s dJsco.e¡c~i by t!J-:se <Jn.:lys::s will 
rfc)'·ir~ Pval''"'\inr1 T!-Ji, rv;:¡lua;ic.n, ~c2ding te a defJni:ior, of fe,tsJbil!íy, 
wou!d un(l:)u'.Jtedly irvolve m::.osur.~s of p; :vate Jnd ~ocal co,ts, and 

Ií1~2sures'of tbe disp3r1!1'=s bei.\'.':!er· ~he.r'"~!. S-:.:ch to:.:~ coulU inc1ude user,~ 
costs (<" g. op.:•·¿t;ng co~ts, t:1xes, or tol!<•. poll;!t;un (of 2~1 typt·s~, costs of 
rdocaticn of activity, societal costs of .lc~ivtty G:~perston, and costs of 
d~sruptions camcd by the construction pocess, 21l of whtcr ::>rt> :J~<..nri:>tt'd 

1 ('1." 



\\Jih thc \<JrJOliS Jnds of tr.li)~J10r1.dÍl>J1 f.«.Jl¡ly dc\l kjllllCnl r:,rlht:r 
co<;~<;, .t\<-r•cJalt:d wilh l.md de·\ t·luj'Jlltll! 1!1'.'' 1k l r. ·"···., •L ,;: ,] i" 'llJtiun, 
)o<;s of opt·n ~p.~cc, and congc~IJon of ,. tJJ<)IJS ¡•td•!Jc f.t,_Jl.llt:S ("l11ch 
n· 'u 1 1 s t' 1 1 h e r in d e 1 ni ora 1 ion o f ~ '- 1 ' 'e e J, ' ( · h o f ._ e~ 1 <; uf '- , p. • n <. 11 l n ) , i n 
.tddJtion to !he congt:stiun of the tr,:n~pü!l f:ll JlJIJt'S, .JS dc'LIJbcd .1~ove. 
Such t:Vd)uations \\ere not undntrJ!--cn <ts p.nl of this piOjt:ct. 

A baL1nce b.:twccn tr.IJ)~rur1ation f.,._¡J¡fy tk,i.:it•¡•mcnt and l;jJ)d 
dnl'!opmcnt implies a m.trk.et cquJ!JbJium uf the dLJn.1nd for use of the 
tr.JnspoJt<JIJon fJu)Jty Jnd Jts supply, i e Jls ~p,ui .•nd tap;tcity ch.,uac­
lt:ristJcs Thcre are two b.l<;ÍC altnn:Jtives ;n:nl:Jbk lo lht> pl:mner who 
wi~hes to morl¡fy 311 exi<;ling 11 :msportation and J::Jnd me <.iluation suffi­
cicntly to aChJL.'\C <;IJch a baLlnce, tlwugh it 1s hl--cly lhiit the bc<;t strategies 
wJll be mixtures of lhe two alkrn:ttivcs The f1rst altt:rn,tlne is to a!low 
dcnuwd for ltwuportation lo fluctuate free/y, w1th no IJ)fL'rfcrcnce, and 
attempt to cope wJth 1t. TJm would be accomplished, <JS in the past, by 
new h1ghway con~lruction or by illlpJc¡nent;¡tion of m:1ss transportation 
systems. The second alte1 native is to atlcmpt to rcstrict the dcmand for 

· ftúnsportaíion so that f.JciJitJes do not become overloiided. Th1s could be 
accomplrshed in three ways: 1) the cxJsting trdnsportation fac!lity could 
be made Jt10re costly to use, e g. by the Í]l)pusition of tolls or by allowing 
congcstion to de\elop, thus imposing a time penalty on users; 2) Jand 
dneloprnent controls could be impo.;ed, thus rcducing (or <;]owing the 
g1 owth of) tnp gL'JH:rJtmg ,1clr\ 1tic~. and 3) a mi\ tu re of thtse two actions 
cuuld be unplcmcnted. Finally, a m;xture of 'the two bas1c alternatives 
c._luld be attempted, whcre an at tcmpt would be mil de to cope with a 
certain amount of tran~portation dt'mdnd (by improving transportation 
f.t,_-Jijties) al !he S<JJJ1e time that an Jf!t'mpt WilS bcing Jnilde lo contrOJJtS 
in crease. 

To summarize, the essence of the problem which this research 
addressed is that of controlling (i e altering, directing, and modifying) the 
spatial organi;ation of the metropoiJs In pdrticular, the concern was w1th 
!ts ~patJa! e\pansJon and w1th the fe3s1bi1Jty of balanced de\elopment of 
land use and tran~portation fac!lrties. FinrJIIy, when such balanced devel­
opmcnt dppears fc3~ible, pokntial methods for testing the policies which 
may be rek\ dllt .to achieving that balance are cxplored. 

MethCJd of Approach 

Two a~pects of the problem were !he p!J!lt 1pal determiní1nts of the 
method of approach. The first was the inhcrent ~umplcxity of a compre­
ht:'1sivc iiTJa]y<;is of both transportation and land use. The second was the 
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1,·qtt1Tt'l:lLllt for a ,,.¡f·t•>11~1'-lt11l J'lt>ccclttJC' for lt''\llng thc '-<'1''-Jll\ 1!~ .tnd 
1, 'J"'UIJ'c of !J.tll~i'' >1 1.t11un .l!Hl l.11J (~~~ to pullLit'S for tht·ir m.t'''l"'lt!,on. 
Thc (<Jlly .t'l:Il~ ~J<. JIIL ¡1J,,d ''lth .tllY cii.JJJLC of 111L'l'1Jllg thc'<L ''.'i IJ!, !Ji( nts 
W.l~ f!J,¡I Of LUI1lj1Ulcr SJI11UJaiJOI) JllOJLJllJ)g rhe lt'JJ)aJJ)(Jt:r Uf tJm J'.!j)t.'f JS 
dc\'Otcd to dc'-CrJbing the package of mnckls ,,1Jich h,1s bcL'll Lk,,Jupcd 
.md ksted dS the central focus of this rt:,,',t'• h. 

The st,Jtc-of thc-.ut in ~;;nuLt11on ¡nndclllng of uil<an .md rt.:~H>J1al 

phcJIOJJlL'na po~cs a p¡c,bklll fur piUJLcls of this 'ort In !;l'!ll"fal, thuse 
Jl)oJels wh1ch hdvc lirJd u¡)LJdtiunal ~llLLt'~S are, dt plL'~_cnt, r.tllJt:r too, 
h1ghly agg1c·gakd bolh 1n dlt'al c1nd <.ectural dctail as \\cll :1s 1n LOnccpt 
(PutJn:tn, 1974) Two <,u(h morlels dre E!\1PIRIC (IIJJJ, 1965) ,tnd PLUM 
(Guldner, 1968). On the other h,md, those modcls which ;tre more 
conccplually Cl>Jllplctc and whJCh could providc h1ghly dclé11kd foJccJsts. 
dfC not yct opt.:ratJunal. An cxJmple of one such model is the llnb~rt­
St~·vcns moJel .~s dcvclopcd for the Pcnn-.Tcrsey Transportation Study and 
subscquently mod1f1ed at the Umve1sity of Pennsylvania (Harns, et al, 
1966). After some comidcration of the project goals, it was dcc1dt>d to 
bcgin w1th an exJS!lJ)g operat10nal lañd me model and at tcmpt to modJfy 
.and improve 11 coJKUJ rently w1th efforts to integrate it w1th a suJiable 
transportatJOn model. The prOJCCt requirements suggested, from the out­
set that an appropriate model package would nced to be far more 
cOJ~1plele (;¡nd thaefore comp1ex) than any now ex lant. What was uitJ-
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qt ''ere a LUillJ•lete - 1 e l'''l'tJl.:tiun .illd tll:J']l); nícnt 
''''-tul!> l.1nd ll\e n:wlcl .md a Lú•l, de - 1 l' J't.bllc .~nd prÍ\'.!le _ 
11.t 11'.J'ull.dron nt'l\\urk modcl. furthc·, thc u1,·r.dl ~)'-km of rnudds 

\\'C:lJ]d lll't:U lO be hi¡;lJJy in!t·g1 'th'd \\ rt!1 íC~j)t'LI lo IIHJdt] 111 n 11 t~ Ullt"liiS 
.~nd ft:t'Ob.,ck loops. In F1gurc 1 a blod: di:1:;r...~m of lhc d,_.,

1

1¡t·<i '\) , 1,
1

111 
¡~ 

p1 c'cnted. 

!\S ~hown 111 rigllrC' J, !he ['II)Cl'~S WOU]d bq,~IJI '.\'llh thc \'.IfÍOUS 
h.J')l'·)t:n 1:1puts dc.íling 1\ith <.p::tul d!q¡Jl·,utJC.::ls uf <~·~·¡ 111 ty, alone. •vith 
<~r.ta on ~he ch.tr:Jct,ri,tics of llw unlo,;ded l1:1•.c )l'df tr. 1 mpor~:JIIon 
1•l'h\>llk fhcsc d:tta \\Ould !hL·n be u·.ed lo gt'ill'ldtc a prt·J 1,1-, 1n:1ry, ilnd 

P1_('h"bly Jnn,Jtcd, e'tilll:~tc of trJí'S íJk1ng pl.ICc in th: 1nc tJOpvllliln .uea. 
GJ\cn th1s pJciln1 JI'<HY e~iJ111ate of mctro¡),,]ltan :n¿a ¡ 11 p~ 1¡ ,, 011 ¡d 

1·: Ct)llle PO'.,ible lo inad 1hc Íllfurc (prOJCC!Iun yc;n) netv, ork 'so that liS 

r:.~vcJ ch;•ractcristJcs 1 ~ l1mc <illd lOS!, rcllcct thc trétff1c •olumcs whJch 
wuuld be on !he networ!-.. ¡f th2re wtc>re no ch:1nge in the <.pat 1aJ d1stnbu­
íJOTl of éll't1VÍI 1 l'~ frorp tJ1n ll'ISC ,,.., l'l.' ( 1. ' . - · . · ~ . , - - car .. ese ne woí>-: lllaf<1CienstJcs, a long 
v.;tn th-; bJ"C year d;Jt<í ;Jnd thc j)JC>ject1nn ycJr control totals, would then 
1•"! 1 1~c~ to ~cpc¡atc a sp:>.tJ;J] cl:<.tnbuTi:.;n of acti1 1íics for the p1oject10n 

Cdí f rnr'l th!s ~pat1al distnbution a ncw c~ilJil<~le of metropolitan trips 
".'Onld ~e prodnced. T!v:se e<:tJma ted tr:ps ,•.-ould, in turn, be Joaded 011 
t~e Jlfü!('c.lirm ycar t'é:J¡<;porté!tiur.,network The mod1f:ed charactenstics 
OI thc Tj"'l.SJ'Olhllon. ;,etv,orks would be uscd to rcal!ocate the projection 
:-.eor '-r•:dl<!.! clh;r¡but1on of JCIJ\·ii.ies This dJstnhuii•)n of act 1 viLe~ woulc 
1 ''~·:1 l>c '-clJ:1:J:'red '~l th~ Grst estima te tl:ercof. lf tli.:re w,·re no signlfl(dnt 
dJ.,er<·nces, ?íl eqtn!Jbr,um v.ould have b<::en rc.Jched and the moJel run 

\\ould end lf ~here \'Tre signdicJnt difíerences. new trips would be 
_sc-n::r,•.1<:d Jild ]oadcd or, the networJ.:s <md further 1 ter.:~t 1 ons made. 

_ _ 1 h:s proposed parJ-..;.¡ge of models attempt~ to elim111atc the princ1pal 
!<nhng. of conte:mporary l:t;¡d use or tnnsporLltion stud1es, by explicJ!Iy 

Jnc!1Jd111g feedback loops Typically, a tramporlalJon study assumes a 

~~turr Lmd_ u~:~ r:atte;-n as ~~v:n, ;md dcsi~ns a trall~port<ltion system to 
l, pe ,vJt.h It.. 1 lw, pr~.Jcedure. 1gnore~ the redi<.tribuíJve effects wh 1ch are 
proclwea by th" ro··-tr·•·c·r·~n f t' T 

_ - ~ ._ ' ' Lo ,u. 0 111:', sy:;rcm. ransportalJOn svskms 
~·t•\J0:Jsly do Jtot just ~uddcnly _a;)pc::Jr bu! :nc co;1qructed m stag~s wnh 
>O'lsc·c:uer.t rt~'-~lstnbt:hJn cf activitJes a!l dur;ng the r·eriod of cor.~truc­
''C111- ,The :>_r;c;llland <..<;<? ~111dy accr:pts a trJn:>pGrtatJon system ::.s given, 
·1rd Llt'n rst_llnates the conscqu(:;t d'stribt.:tion of dCrJ\'JtJes, while ignorin 
th~ ~~n:-:gc·~t¡ve cffccts of that di,,uibution on the nd\\ ork. The propase~ 
,'-:0del pad::~ge, as dcsc··ibcd ab.)ve, atkmpts to capíure the 111 tt 1 ~·tiated­
-·,c.c<-.; oí 11,-:'- _t•JJbpun:!LÍOr: syskm and tlle dJslribution of ad 1v1ties. Tlus 
·omp: ehen~J'- enes~ is ckarly neces<.;uy to mt:'et the research ob.i "t., f 

¡1 . _ Jt:Ll\tSO 
.JJe project rcgard1ng !he k:h;hJit~' of h<d,,pcc t:-et\\cen trampOJta!IOO 

LH_:lit;es and p:t!ll'Jns of Lnd \!<.e, a; ,\·cli JS 1hc tt·q¡ng ol p¡,J¡. ¡,_~ to 
<tCl,ÍLVC '-llCh a b ... ldiiCC, 

h is ve:y oflcn tiw ·~-,:se in Ll'"'J'll'll. ,i•nuLttiun ~tutiics that the 
upn:Jtic·nal o,cr~ion of thc r~H;dl'l S) -,t~. m i~ ~oJn..:v. hat kss cumpiChl mive 
th.tr; the ~;st.:m origin.1!íy p:opo~l'd. \\'}1iie ~omc silnpllfi,:.illllll~ had to be 

dccepted in this stuJy, the p!inup:¡J g•Jal of :;n inh-~'J:Jít·rl lr.n·~¡·:q1-ttion 

Tllvdel and bnd use modc! was allr.111~d. 
·n1c Ja1~d US:? 1llOOC] sckr:ll'd fu¡ tlJ!S first opn.:liL•Jl(!] lllodeJ j' t-. \...;JgC 

,,·as, dcspite cc:rt:Jin app . .ncp~ (·1nd ~ume les~ apr<ut:nt) s]t(HLL•mir.g~, the 

PrL)jcctive I dlld Use \fodcl -- PLUM (Goldncr,. i 968). ·n1e PLUl\t i'":.del 
(.Jctw,il) there :He se\ eral vcr>ions of thc model, two of \VItich are u:-.ed, 
v-.1th modific::ltÍ(mS, m tl1JC !nodel) JS in es::cnt:e a derivative of the LOWRY 
Jnodcl (L ovny, 1964) 1his class of lancl_llse n1odc-ls is m:tcro-de~r:l Jrt1ve- in 
t.<lnstn.Jct, asserting that the ~1)atial distributiol!s of residcnces Jnd rcsi­
dent-s<;rving employmcnt :..re functions of the JocJtion of "ba~.ic" emp;o)'­

ll1ent, tram.;:¡ort fac1l1ty ch3ncte~Jst!cs, ;md the tnp taking propensit1•::s 0;· 
re~1de!íts. This m.:am that thc m'-•del acc~pis as givcr, tllc sp;:;t¡a] distr¡hu­
tion of "k:sic" cmploym,·nt :-J:ld then solves f01 thc rnierrel~kd !>ro ¡¡"1 
drs tribu t ions of popu la ti on anJ "110n-basic'" or "loc:ll -Sf:rving'' •: m pk·y­
mcnt The pnnupal detenninants of t]lcse ~pat1al dt:.lr:butiOn~ "'"' Jc·:e;;~ 

to w•;rkplau:s for P·Jpul"tJon, :..nd accc:;,s to n,stoma~ for non b;,sJc 
cJnploymenL The acccss rneasures are ;-¡on-lincc~r functJOW of ¡¡;¡vt]-l;nws 

w~ighted by JttractJv~ncss mc:JS'.nes of ~he "trip destinatiom" 

As a re~ult of this Jecision, r-:;::;ional ícvels of act1vity P''.!S~ be 
cxogen01dy determinen. This is not a partiCLllai!y un,Jsual ~Jtu:.l\lun, as 
virtually all urban lnnd, me _models have thís p1operty Furth.::r, the 
sclection of thi~ :TJodel !mplies that "bEic'· elnpk .. ymcPt locauo:: w;ll be 

fo1ecast ·~'-vgt'nously. These forecac;ts do. in fact, come fro!:1 a ~::p<~rate 
model, BEMOD, a 'oasic en11)i\lymr:nt modrl d..:veloped as pdri o:llht:. B::t:' 
Ared Tr :mspo1 t;;t:on Study, (~1 athd¡'~on, i 970). An iJ:l_p]i.:it ;;~~1,;11pticn of 

th1s p:-c•c<'dilre i:; tl1at the ~pct 1 ¡::l ,~ J'-<rib~tior1s of :he:,e al'tP it~t:~, are 
indep.~nder.t of th:; rcJnaindt:r of ¡he ,¡ct:-. rtiC's in the !Jlüdd pacl..1g~, Le. 

popu~at ion, "!lon-t·c!Sic" t-mplúym,·r·t, .!!ld tr 1!l'-J1C>rtation :le:\vork:;. This 
;!5SlJrnption is ClcaJly r.ot V<1Jid tl"d:! nli)' :>db:.~.,niÍ<!\ prujeclion ¡::~í;:>J dOd 
is ar. á:)f•CC~ vi ~1J~ rnojz.! ¡:.J~k~¿;~ \'r'~i~:~1 ~h~~=~c! be !!!1;1 c.~veC c.s ~r_\rJ;, as 
po~sible. One po~sibility wou!d be to i11kgrate the 11l;'t~l'llmg of a!l 
t:lnplo) 1nt:nt iocations, link this to the rcsid.:n:ial model, .·md ilJÜ; thts 
Ol\.n!ll modcl to the Pdwurk model, Fm::~lly, a further cun,c·.¡ut·,Jc.c (lf the 



~,l,clH:>n-·of the 1'1 U\i .nodt.:l JS 1h..l! the L\cl ··f ~c'l":.d .11'..:''-::'·:11<>11 m 
tr1e PLU\1 mndel 1s r.dher '''"re ¡:,1u'~ th.m ,, d, ,, .~1k Ft·ritJ:: ,tc-Jy th 1s 
\' .1 s tu 1 u.: b k 1n t he ¡ H L l11n i n.n y d L' \ ,.¡, • p m·-· 11 t , • f ; 1::, 1' . , l . 1 ~e. 

Jt slwuld also be notL:d lhat the ,,, tu.d .11lc•c.!1J,,n fll'lL tJC•!l<; 11'cd m 
the PLUM models hJve nerer lwen '>llb]''' ted 10 1hurt•tl:_;h ··t:.JIJ'-11Ca) 
LXdmination, ;u1d this project's c..,r]y expcnL'I1LL'~ "1th runs of tl11::. Jil\)del 
indic;¡ted that thcrc was too hcJvy a rcli .• nLe t>ll ~·-lflh'what .-:rbit 1Jry 
"coJrec!Jon-factors." Consequcntly, a tht•Juu:.;h Ín\L~tit:.dJon of the model 
.tlgo¡ 1thms was lila de. Certain anom;dJcs \\ l'r e fL•dnd m thc procL·dures 
ll~l'd for 3Cl!vity alJoca(JOn, which have ~ÍI1lC t>\'L'Il lllOdJfled rhese modi­
fiutions :1ppear to have substantially i111pro\l'd the modcl's alloul!ions, 
though atk1npts to c\'a)uate thc~e imp1 O\ Lllh nb hJve not yet lwcn 
curnpleted. 

On thc po~Jlive side, the PLUM model Joes ~eem lo produce rc3son­
"ble estimates of the general d1stnbution of aCtl\'Jties in a large urban 
region. Of c.otnse, as IS the case with all oth~;r urban J;:md use modcls its 
rclr:Jbil!ty for spec.¡fic small Jrca forccasts is c~rNdcrdbly less than that' for 
general regional patterns. Finally, and not an unimportant part of the 
deci-;ion, was the fact that lhe PLUM model WdS available and opcrational 
in !he "Models Library" of thc Planning SCJt:'nces Simulation Laboratory 
at the Unive1sity of Pennsylvania prior lo the illltiation of the research. 

The transporlation network model p.1cJ...age selected for use in this 
project \>as d"evcloped by the Plannmg Sc1ences Group al the Uni\ersity of 
P,·nn~yl\'ama (Kuner, 1973a). This pddage L·onL1n~ prC'grJms for net\> ork 
codmg, tree trac.ing, a!"d ~cveral alternative capaCJtated traff1c assignment 
proccdures Th1s network packdge, as compdred to others which were 
.:va!lable such dS the fHWA (fonnerly J..no\>n as the BPR) package (U S. 
DO T., 1972), lacks the abJlJty to handle highly detdlled network specifi­
cations such as turn-lane penaltJes, etc. Th.Js dcfic1ency \>as not relevan! to 
the needs of the project, in that there was no intentJOn to conduct any 
invest1gations at that kvel of deta1l. On the other hand, the computer 
operation of the Planning Sciences network pacJ...age is signdicantly more 
eff1cient than that of the FHWA package. • 

In many transportation stuqies where Jand use projection 1nodels are 
bcing utilized, the work-trips are generated by !>cpdfate procedures These 
tnp matrices, independently calculated, m ay not be consistent Vvith the 
work-trips irnp!JcJt in the land use model's patterns of re~idence and 
worJ...pla_ce. In the PLUM model, the location of residcnces is generatcd by 
work-trip allocation functions based on tramportation impedances 
(derived from the transportation network cha;acteristics) and the )oca­
tions of worJ..places In so doing, PLUM imphcJtly generales a matrix of 
work-to-home trips The \> ork-trips u sed in this projec t's model pacJ...age 

jY9 

.• re '>. 1 r.t. :, d dnc l lly f¡ <llll I'Ll \1'~ ll•lj'liL 11 \' <•Th-1 r 1p m:11r 1\ .: · 1 11 .. ,, 

.:lc•id ¡J,e ,],,.:n,· ¡¡,,·ntJrJ•,.d llht"~':'1cllL)' 11 \\.1~. of LOUT\C. l•<lt'''·'r) 10 
,,J.,J...c lLit.:.:l .!dJd~1111Lllb :o 1!:1~ ,.__¡ \)f .l,.rh·ir!pS 1n ordl·r lt' .:·,,¡,,· 11Jat 
tJ¡cJr 1ot.tl L·qu.,kd !he tut.il~ llldi,_,,¡,·J fu¡ thc IL'g1on Tl•t''L' ,,cl_¡tJ',(nh·nts 
lllC]\IdC 1.111üS of .Jll\0-IO-Íf,IJl">ll J'L'I~Oil l!Jp<;, .lUlO OCLUJ'.!l1C) r,dcS, pcr­
C<:Jil.lgcS of ,¡]} worJ.. i1ips v.lliL-h lllL\lf dtmng pL·aJ... hours, etc. 

Thc loL:Jllon of "nlln·ll,lSJc" or "Joc,ii-,.:Jving" cmplo) Jlll'nl in the 
PLU\1 moJel JS gcnc'J.IIL'd by lio:nc-to-~hup .dluc.ilion fuq.::lil'll~ ll.~,ld un 
tr,IJ)~JlL'rt.ilJun ¡tnpcd.!nL'L'S .111d thc klLJ\Juns uf the dLII\ilH~S As w.¡s the 
l.J<;e for wo¡J...-trips, this plücl'dure gL'Jll'fdtes an 11npl;cJt rn,!lrJX of 
~hopping trips. Thc<;e tr1ps too, .11C L'\lrJctcd fJOllJ PLU:--1 (by a ~omcwhat 
d1ffnvnt proccdure invohií1g the U\C of a grJ\ily model t)pc .1l:;unthm 
fur b.d..~n ... mg the orig1m ,md dc~tm:t11uns of the trips). i\gdlll, ;¡djJiqmcnts 
dfC ncces~.uy to insure that the piOJCCtcd tr1p totals equal the toT:lls for 
the JegJOn 

TI1e pnnc1pal connect10n gomg frorn the PLUM model to the Nct­
work model is via trip gcneration. That is, the main phenomcnon \\ Jnch 
relates the spatial distnbut1on of activit1es to the trJnsportation facJl!tJes 
is ~pcc¡f¡cd in t<:rms of the tnps betwcen activJties, \>·hich make use of the 
tr.m~portation system. In the present vers10n of the model }JacJ...aoe 

"'' pcJk-hour work trips and shopping trips are loaded on the networks A 
problcm to be resolved for later versiuns of the model prlcJ...Jge ¡s that of 
othcr non-wo1k-trips be,1rlcs the shuppmg tnps AddJtJOnally, the problcrn 
of lll.JSS tr.m~portation f.JCilitJes hds, fur the prc,cnt, lx.:n 1gnorcd Th·:re 
IS, hü\\ C\ er, no re.1son to c' Llude SLJLh tJJps from the modcl paL L1ge m 
future efforts. fhcir inclu~ion would mvolve cons'truct10n of a lllodal-splrt 
modcl and a procedure for dealmg with multi-modal ne{\\ urJ...s m the 
PLUM allocation funct1ons I\'either of these appears to p1 e<;cnt an insur-
mount.Jble problem for future efforts. . 

Se\ eral ;¡JternatJve prou·dures for Joadmg the tnps on lhe network 
have bcen t<.?<;tcd and are descnbed clsewhere (Kuner, 1973b) The proce­
dure used, c;¡Jied "incremental tree-by-trce loading method," 1s a modJfi­
catJOn of one de\'e)oped at the ChicdgO Area Trdnsportation Study. 
Bc·gJI)nmg '' 1th a free-no\\' nL'lwork, a c;¡ngle tree is tr;Jced (¡e. all the 
1111nimum paths frorn that origm to all de,tinatJons). Onto thc~e paths a 
port1on of the trips from that ongin to thc v,uious destinat1ons 1s loaded 
By use of a volume-capac¡ty relationship, the new volurnes on the hnf-s of 
the trce .lfe used to c;¡Jcul3te rew travel t1mes. Then a new ungm '" 
c..clected, a new tree JS t¡aced, and 1he process is repeated \\'hen a tree has 
been traced for each ongm, the network has been )o.Jdt·d w1th a rurt1on c,f 
all the tnps. This overall proc.edure JS then rcpcaied. Currc::ntly. t~·­
networh :1re loaded in three p.l,~es of 40r;1, 407c. and 20'} of the 1nps 

•r)U 



'' ·.,· •.1• ~V 'L·f thc nch\t)rk ]n,,dJng f•J<lc,•1•:•·:<- h:nc 1" :n c••:1·,··Ltc(:. 
d ill.dJJ\ 0f ,.,1\t:J fiiJlL'~ f10111 L'dCh /•'!( j(l L.•.h t•l'h'i /L<f•l', ~l<l iht• 

l'llíl,, o\llll p.dh on thc lrJ,IIled n,·¡" .. r!. ,,1, :l.ill'd fnr IJlj'lll tu !lit' L111 d 
ti'-L ¡•,ndt•l 

fhe f¡r~t !L<-ts of the rnndcl p<icLrt;l' \Lc·rc <.'•-''lC for .l ,,n:¡JI prototype 
llllldll rv¡_:¡on of c1ght .Hcas Aftcr irtcllJPg out 'L'IL'f:l! :nlllur p 1 o~.ll'ms. 
.iLCt·pt.Jble rc~ults wc.:rc obt.1ined ;md ¡•rcp.n,J!IClrJ b."c:!ll for full·scale 
il 1C•dcl rtJn~ ll'Jng San FrancJ~co B:~y are:J thta The S:1n F:-r<Jnc:~co .1rca was 
~cltckd as a ícst C.J~e fur rwo rc;¡-;ons F1r<:t, th1s ~~ the Jrea for which thc 
PLL;\1 mr•del \•.as o:igin.Jlly dL·ve!ored :111d ft.:~ted Sccond. sub<-tant 1;:J! 
d:1:·~ fllcs for tl'i:- rcgJon wae fl.Jdrly J\;_plr~blc to thc prOJCCt ,TlllS was by 
no mcans a smail und,~rttl!.;ing; hO\\ ner. the 1c~ults currcntly being ob­
I?.Jned indrcatf'. 1hat 1t JS p¡ obabl) '' ortliwhJ!e Th,·se r<::>~ults as well as tite 
J•f._,.,,c fon•í ol ihe mc•·.i~l sy~!llll now m 11~c <JJé '~':'-CI 1béd b.:-low. 

lt PIU st fu,¡ be no t cd t k> t t ha e are t w ('l fon:1 s of 111 e PLUM 111 o deL 
Th f,¡s\ oí these 1s nsCllTJillly a "~tatC-\'3!;:.:\)]e~" J:llldel in \\hrch 1he fore­
ca,ls iHC Jlt<:de in 1El!i1~ of thc \·,;ltJt:~ of \arrablcs a11:me t (Goldner, 1 968). 
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The second fof'Tl of tre rnodc·l i,:l :ci rt'd to 1Jat:after as JP! ) ~~ ;:,n :rll'J·.·· 

JJh'ntal \'dr:J~Jle ver•,;.:m m .,vh~c.h ~l1e fon_·::asts are rn.•lk 1n lt'nn~ of 

Lh.:n):;e<:. m VJ1ues of v.:nabks f¡ •Jm t!me t--l to tir:1e t (Ct•~Jner, 197 2). 
·ll1ese ch.Plg-:s ;:,rt' th:'1 .t~ded to thc L-a~e VJ!ues (;e. ¡l¡o~e .tt l'!ne t--1) to 
y!dd the forr:c:Jstc; of tim..: r vc-.n,!bles. 

The asst:!nbi:lge of Jl10dcls u<;cd !oi tl1es~ runs is shown in Frgure 2. 
H ¡<;Jcally the p! ocedme involves a Tun of f'U .. \1 to g·:•1cr..-tte ba'lc-:; car trip 
rrnlrices for !nrut, after 1o3t~ing onto a r.e.twork, to the lPLU\1 model. 

Afkr t!m, ~l!C·.:ess!.,..c ~tcr<J!Ions of IPLU!\f Jnd thc nctwork mociel ;ne run. 
B.::fore prc-5enring !he ri.:~ults of the~e runs, it is appro¡)fiate to 

cons;::ln \\ hat expcctations one would l:ave :1s to the rcsults of su eh a test 
run. !f.. as sug_gcsted earlier- in this pap-::r, 1mportánt interrelatiomh1p5 are 
ignored ~y tht! !y_;:llca! tr:t11sportation ~tudy or typ:cal land use study buth 
of which a~sume fixed v2!ues for the other, then to thc extent that' these 
models include the>se m!errelatronships, they s~10uld indJcate sigmf¡can~ 
and ~ystematic differences in m:tput from one itcration to the n.:xt. In 
rarticular, 111 terms of the degree to v, hich accessitility shapes rne1ro 
polr~a;¡ d:-e:::s, or.e wo:..1ld hy pothesrze t~r.t· 

a) lf land 'Jse fort"casts are b¡:,sed on a fre:e-flow nerwork ora netwotl' 

where fJov- ~ did not affect tn:vcl ~:me, congestion and thcrefure \rav·:!: 
t:n:c. uc SLlb'>tantJaily vndeJestimared, consequently the overilE spari;;: 
dJstribulron of 2Ctivi1!t:s w¡Jl be mo1e ,Jispe:sed than !S reahst1c. 

b) Thf consequent o .. ct's~ivély d;spe,--;c'd pattern of dctrvities- '.>.-<1, ;<; 

t~1rn, produce ovar:stimdres of trtprq;,;.,ing <Jr:d, 1f Joacled on a c2padry 
1.:~\:?.:r'td r:etwork, of netv.ork co"gestJun. 

e) Ir- bnd use forecasts are \:2sed or1 0'.'\:fl. -.:r,:.:esléd n;:twOJks, w1th 
co,lsequent overestimates of travel t;me, the ov'~all spat1al diSUJbutwn (<' 
JC(Í\ it1es wJ!l be exce:.sively coflcentrated. 

d) An excessively conce;1trated pattem of é1CtJYJties wili prorluce 
undcre~t;;nJtes of tripmaking, the consc'quent tr2.vel t1me and nelwc•rk 

congestion. 

Given these e\pectations, it Í$ to be a:1tKÍ}':!led tbt a lmked ]d'<d me 
.md 1r3rsportation m,ylc! would osci!L~íe ~et'.\ ecn sp;-;tial dc..:.:ntraliz:jtiOn 

Jnd centralr;:ation and com-~qt.:cnt nctwork ·:J\'crcüngcslion and "under­
congrst!on." The rcsults of the :~2Gel run; bcte out thl'~e .:::xpectaliom 
Thc policy irnpl;catío"~ of t\1e~c rc5'u~<s are QLIJte important and are 
c:;~ct.:<,sed, after tht' disc,;s!>~0n of the modc1 n.ns, 111 ~ht ,_oncluJmg ~é'Stlí.)ll 
of this pape:-. 

The fi"st "Round" of íull ll':Jdd ;-u¡-¡s ·.vas done w1th a ver!>ron of 
IPLl'M not incorpcnt~ng our .,~me :nent1one:i n-,odified allocation func­
tion, ?!lC U''Í!ig onlv ··v.. ork-trrp:." !or netwc•rk ioading. The population 
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h\.~p. l. Thc Nme County R~g10n and H1ghwa:r )útwork. 

··-''t'r3l, cxpected pitern of uncongestcd (undcrutllized?) networks pro­
·iucin~ ~.¡mo:ad-oul populiltion a)l(lCíHion, v. hJCh produced conge<,ted net­
'''c-¡·;..s., which then pr~1duced more centrali?Cd popuiation allocation, 
., ;·, ;cr1 r; ~·.1r.1 p::-od'.lced !ese; co:1;¿cslcd net wnrks, etc. A t thc coun ty leve! 

1 ·i dct?.i!, llowever. ''!uch of this bt'h<t\'Íür w:.:s obscured. Sce .\fap 1 fot 
· ác,·rnc,: to th~ Jocaííon of the vanous counties. The gcne1 al perfor­
.,,,y•::c of thr.· P1rJdel packJgC' \\'as cc•mlllcred to have mct our cxpt"c. tations. 
: ·; :ie·.v, howcver, of thc obvious "boles" in the pdckage, further, more 
-·~t·¡ilcd ~HJ:Jly~i~ of th.·:,e first outputs was curtailed in favor of work on 
·k :1c<:-cled nn¡~:lr.·cn'cnb in tl!e p;:,c. i-.:1ge. 

fh,·rc \\trc :hr<-'c- )'íi,v::iral :JTL.JS of ft11thu in\t'>ll~: 1 .,,J.~ch ultJ-
Ind!Liy kd !:.J thc '-t'CCl;JJ RounJ ofn:LJdcl run" Firq, :1s J!lllll!•·'••O .lbt•\'e, 
prl'liinin.ny Íll\'t<;!Íl::•t:t'ns of !he t•pu.1liun of II'J_UM ~,,\e t'' ~tl,nce of 
~.,·rious incon<;i5lt ncie~ 111 thc :Jlk•~..:llion funclions The cc,ncJu,iun of these 
j,¡\·cstigations v:as that thc IPLC\1 :JllllC:Jtion piOtcJure Jt·quii•:d iinpor­
Llllt modifJC.1lions ·n:t·:-c \h'fC in.pkllll'Jlkd :J11d Jl'~ulted in .Jn :lppait'nt 
¡,,,¡novcml'nt in th~ fll(.dcl's pnft•llll:JiKC tf'ut1nan, rt al., 1973) Sccond, 
1t was clcar that ;n; imp11rlJnt prujJ~•ílion of íotal t1 ips w:15 bc·ing ;gnored 
by dc:iling only "ith \\Urk-trips. A proccdure for ,n,;hing npllcit the 
homc-to-~hop :md work-to-~hup trips impl1cit in IPL.Ut-.1 was dt\cloped, 
along with a grav1ty mn_del for di~tributing tlicse trips. The number of 
-.hopping trips was thcn scakd up lo equal the total non-wurk·II ips in tbc 
rcgion Tl1cse, plus the work-trip'>, it WdS fclt, would be a n:,•'-unably go~.•d 
estímate of the total trips on thc nctwork. Third, and finally, a proccdur\0: 
v:as dcvcloped to cffcct a ~ubstantial savings in comrutcr ti111e for tÍie 
nei\\·Ork package In general this procedurc involved the a-;sumption thé1 1., 

after tht- f1rst two itcrations (runs) of IPLUM 111 a givcn Round, a larg1: 
pf')portion of the coml'qucnt trips on the nctwork would be relníivcl; 
stable. Consequently a marginal loading of trips would be a f'OS~Jbk 
sub~titute for the ·full 'iet\vork loadmg runs us~d in Round l. 

Wr.en fhest: ínves!JgatJOI13 and mod¡ficiltic•:ls were com;Jlc:c:d, 1! '..Y-J~ 

possible to proceed w1th Round II of ihe :T10dei runs. Thc rt>-;ults of !o:.z 
iterations of the f'1ccified JPLUM, tlip genc:ration, ~md the n··6d 1;l,0 
network packJge i!!corporating the maJ.;inal loading proccdLJ!e .,re sh.Jwn 
m Tablc lí and Figure 4. Thcse ru,l~ were late¡ _gi\en the suff;x B ;md ar': 
rcferred to in that way. 1t JS immedi:.Jtely obvious from Fig11rc 4 that the 
p1 obkms of oscJllation, from one iteration of !PLUM to the nex t, wc,·c; 
still pre,:ent. \\'hile this was not a particular!y un!JJ...ely c-uttome, it \'.as 
dcfinitely nota welcome result. 

A first aÚempt to i~olate the source of these oscillatJons involveó 
revertir,g to ihe fuli nelwork ioading proccdllic. Since tilt ll•Mg.r,a~ proc.,;­
dure h2d bcen instituted only after run 11.2 (to prepare input for run 
11 3B), it was not necc~sdry to repeat nms H.l and JI 2 of !PLUM. Tlllce 
complet~ iterations of the r~etwork package, IPLUM, and tnp ge11eration 
were mn, yielding runs 11 3A, !1.4A, and ll.SA. Thesc results imhcated 
that the osc¡Jlati._ms were sttli vrc-.ent in tlte sy<>h:rn 2nd, consttluently, 
that the margir:al nctwork loa.Jing p¡o.:edufe was not at f:wit. 

A mure ÓL'!J.iled i:1vcstigat1u11 of these outputs n:ve;¡Jed rc~ults that 
bad becn ob-,curt>d at the county le\ el of detall. The o~.:Jil.1l1ons ob<.erved 
werc not rcally county leve! o<.cillations, but zonal oscillations In e,ach 
counry the bu!k of the ZOIWS rcmained rather st:Jble \,hile a few of the 
7('\T'lCS UJ10c:f\\'CI11 rather large SC31e oscillations. ror C\:i¡J'\ple, in Al;,m<.'da 
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!he vn~JOn of lPLUh1 used m ¡•-e runs dcs.cribcd above, <lb mea<;urc . ..,...,~ 
c~<;cntJ:llly a funcuon of thi! v:!c:mt land in thc zone. Cll' .. llly, for largc, 
e~scntJ:illy undcvclopcd (J.c. 1:ngcly v;¡cant) Lunes, the leve! of ¡J[fr.Jct:vc­
ncss would ther~forc be quite high. At somc point in the dcvclopmenr of 
!PLUM Goldner ;¡ddcd a correction f:1ctor to the Jttn1ctivencss mc:l~\lfe to 
dc3l with tl11s prob!cm. Later, for reo:~~ons which wcrc not statcd, he 
dcleted this corrcctJOn factor ::~nd thus rcstored thc modcl to its 01 iginal 
fOílll J3:.~cd on thc results obt:Jincd from Round'> !lA :llld 1m Jt W:!S 

(icc1ded to introduce ri:JS correction factor to our vcr<;ion of lPLU\l. 
The theoreticnl b:.sis for tiiiS correction factor 1s tlnt the attractJve­

ness of a zone JS detcrmined by developable y¡,cant ldnd, r<<th•:r tllan 
vacant Jand per se ·nl!S !:>ein¡:; rhe ca<;e, d me<~sure of the dcvclop.~bliity of 
Jand may be constr'uded 1n tcnns of thc proportion of devclop~,bk laml 1n 
a zone wlnch has alreud}' bcen clevelopcd. lt may then be a%ertcd t 1 ,a~ !his 
wouid be a rtasonJble surrogate mea~ur\.! of thc ava1iable ''infrt~struc!me'' 
e.g. sewcr and water fine~. roads, etc. 111 !he zonc. Afte¡ this co!lectron 
íacror W:.JS introduced mto the rPLUM hotl:>•~hold allocation funCtiOn, a 
new Ro•.md of n:odel nms, calkd Round IV, wa<; undcrté\ken. The result~ 
of th1s Rnund are sho·.vn 111 Tabk lll and Figure S. lt CJn be scen in 
FJgure 5 th<!! COIT!pared to Round rr, a substant;a] reduct!OI1 in the sys­
tem's oscJ!J¿tions has been acluevecl for scventl counties. Noncthckss, the 
osciJlatJons nre sull p1 escnt :md ~t11l ~ignJfJcant. This CJ'iCiilation was al so 
visible m the network load1ngs, '-''IIh network links conncc ting to Z0!1C'> of 
populat;on oscli!dt~on showing conespondingly large tJaff¡c volume o~ui­
Ja ( IOllS. 

Refernng to F1gure 5, it appears, w1th the exceptwn of Sonuma 
County, that in goíng from Rtrn IV.2 to Run IV 3 ~í1e system may h<.JVt· 
gone past or "ovt:r~hot" an equ1iibnum po1nt. I!aving done <;o, the 
subscqucnt attempt from Run 1V.3 to IV.4 to 1 eturn to the eqllllibnum 
r101n t, appca r~J.Q _p...:ec'>hooLm.the opposite -el i re e t10n -·Once -start e<J;--r h is 

-----pr-~-~-~~;--~ppears to be capablc of con!inumg indcfmitely. Once having 
cntered tlus "unstable" situarion, the model systcrn appears unable to 
move to a stable configuration. Thc ncxt expe1iments were attcmpts to 
fi11d proceclutes wh1ch wou!d h~:lp the model ~y~tcrn either to ac!Jicve a 
<;~able SJtuat1on dm .. ct!y, or to move to one, from a pnor unq:1bk one. 
The tnps generated from Run IV 3 and IV.4 were avernged tosctkr 
O D.-p<tlr-by-O.D -pa1r. The resultmg "averaged'' trip matnx was lo:.~ded 

on the 1980-network and usr~d as mput to Run JV.5 AVG. The trip~ from 
Run JV.S i\ \'G were then avr:raged with !hose used as its inputs (i.e. the 
average of JV 3 ami IV 4) <md ¡¡gam Joadcd on the 1980-network The 
resultant impedances we1e used as input to iPLUM Run IV.6 AVG. Tl!is 
procedt:re, as one 'Voulcl expect, d1d vmually eliminate the model sy.--
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T:\BLE 111 

Ruu11u J \ 13dse Populat10n, I'JuJedcd Totdll'üpubt;un fúr IY80, .tnd Pcrcent Change 
1965-1980 
-~------- ~ - ~~- -~-

~~ -~ 

1965 1980-Run IV 1 19RO -Run IV.2 1980~-Run IV 3 I980~RuniV4 

San Francisco 754,754 759,821 06% 767,173 16% 763,390 1 1% 766,364 1 5% 
----~-- -----

Mann 192,523 313,982 63.0 275,484 43 o 363,621 88 8 2 38 ,9.3 2 24.1 
---------- -----

San Mateo 553,271 840,265 51.8 762,003 37.7 746,089 34 8 788,324 42 4 
------

So noma 167,497 440,337 162.8 242,874 45 o 4 74,468 183.2 230,152 37.4 
~------

l\.<1 pa 69,378 118,582 70.9 118,737 71 1 163,118 135.1 95,836 38 1 
--------------

Solano 149 386 223,074 49.3 363.296 143.1 328,929 120 1 262,109 75 4 

--- -------

l 9 S O ·- R un 1 V 5 
- ----------

763,-:.76 1 1 <7 ,e 

---------

380,640 97 7 
-----~--

735,260 3 2.8 
-------

5 20,8 28 210.9 

179.825 159 1 
------- -------

450,1 ¡ 6 ~01 3 
---------- ---------------------- ------------ ----- -~-~----- ---------- ---- -- - ....._ _________ - ------ -

Contra Costa 534,056 655,638 22.7 829,304 55 2 738,900 38.3 787,239 47.4 703.485 31 7 
------ -------- ----- ---- ------ ---- -

Santa Clara 922,357 1 ,412,834 53.1 1 .41 2,4 7 8 53.1 1,325,489 43 7 1,520,842 64 8 1,287,851 39 6 
.--- -----------~-----~--- --------- ~-- ----------
Alameda 1,095,236 1,634,003 49.1 1,636,193 49.3 1,503,543 37.2 1,717,740 56.8 1 ,386,261 26 5 

TOTAL 4,438,358 6,407,4 72 44.4 6,407,542 44.4 6,407,547 44.4 6,407,568 44.4 6,407,542 444 
-----------------------

: 



2000 

F1g 5. Round IV- Popu!at1on by C'ounty,! YílO 

tem's oscJilat10ns. The results of these runs are ~hown m Table IV a11d 
f-'¡gure 6. lt appedrs that if this proceclure of tnps dVeraging were ;¡;-¡posed 
on the modcl system begmning, wnh the tnpu~s to Run ]V,3, i e w1th 
;,¡veragc of Hun JV.l and Run 1 V.2 tnps, the oscillations would bt• brought 
to within a tolerable range. Consec¡uently, tllis trip averaging proccclurc, 
wlnch 1s not :.1 particuLtrly "ex treme" solut1on to the oscillation pwblcm, 
w:1s adopted :.ts ~tamli.lrd p!ocedure ;n the modei packi.lge. 

As described e:trlier, two pnnc,pal a;ms of this 1esearch effort wen.:· 
wholly to el11ninate forecast errors due to the d1ffercnces betweeJ! free­
flow and loaded network characteri'itic<>, and p;_¡r!Jally to el1minJ1e !he 
errors duc to t]le incremental land developrtH.'rd re~u!tJng from the cllanges 
rn the transport nctworks. ThL firs: a11n JS <Jchicved by usmg loaded 
nctworks as input to the la,l·-~ n\c IJlodcl. The second aim is p;:¡.,-tly 
achJevecl '-by -rt:_peateJ tkrauons uf tl1e land U'>e model :1'1d the network. 
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TABLEIV 

Round IV AVG Ba~e Popul<~twn, ProJected Total Popu1atwn for 1980, and Percent 
Change 1965-1980 

1965 1980-Run IV.2 1980-Run IV.3 1980-Run IV 4 1980-Run IV S AVG 1980-Run IV.6 AVG 

San Franc1sco 754,754 767,173 16% 763,390 1.1% 766,364 1.5% 765,234 1.3% 764,950 14% 
---------- ---------

Mann 192,523 2"75,484 43.0 363,621 88 8 238,932 24.1 334,808 73.9 320,451 66 4 
--- ---- ------

"\;¡n Mateo 553,271 762,003 37.7 746,089 34.8 788,324 42 4 788,168 42 4 778,837 40 8 
--------------------- ------------------------------

So noma 167,497 242,874 45 o 474,468 183 2 230,1 52 34.4 294,499 75.8 288,333 72.1 
--------- -----

Napa 69,378 118,737 71.1 163,118 135 1 95,836 38 1 126,219 819 130,566 88 2 

Solano 149,386 363,296 143.1 328,929 120.1 262,109 75 4 319,934 114 1 307,813 106 1 

Contra Cost.I 534,056 82?,304 SS 2 738,900 38.3 787,239 47.4 780,736 46 1 788,455 47 6 
--------- --------------------------------- ---- __:_ ____ - -----· --

Santa Clara 922,357 1,412,478 53.1 1,325,489 43.7 1,520,842 64 8 1,382,363 49.8 1,401,803 52 o 
-----------------

Alameda 1,095,236 1 ,636,193 49.3 1,503,543 37.2 1,717,740 56 8 1,621,579 48.0 1,626,328 48.5 _________ .-.:__, __ ------ ----------------- --------- -------------

TOTAL 4,43R,358 6,407,542 44.4 6,407,547 44.4 6,407,568 44 4 6,407,540 44 4 6,407,556 44.4 
---- - - - ----- ---------- -~- - ------------- ------------------------
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;nodel. 11 'b0tdd be nc.ted that while the \arious mkrn1cdtate s~t'DS in this 
:1 ._., :•tive process do no! purport to h::l\'e dny one-to-one concspon.dence to 
.. ,':Jtll.;!ed pcintc; in time, the overall stre<1rn of itLid!Jons is prob.1bly 
e :l•Jlar iO a ~imUJJkO St! carn of t1me 

..\n '~)'.~ io•JS po;¡¡¡ Of COJ11f':¡;J~Or; fc:.r !)11.) integra Id for<:C,:~ting proce­

~~'.!re is \v:th c;!mi1ar fo::·.·<1sh ill.1(lr in t:1c tradJtJonal ma!1ner The mod!­
:í,·d \e r·~ioll of IPlJJi\1 wa~ r~n \\ ith tbe "empty" (!acbng anv r.-ip 
.- ,.¡ ... "~\ ¡oso ·t· - 1 •• ~-l. - ·- . Th. ' . ··•. -- - ,, - n._ .•.urr·. L'lPE \"'11'-'-" as. mput IS. o, cctn~:e, rq>re'.cnts 
·; ~- q,-n.:z~rd prc,c_,~d~·:,; for t:nint::~r2ted use oi a bnd u::.e m¿,iel. This­

.. l ~el o l 980 bnc u~c fo:rcast b:.:>cd on the projec!ed 1 980-¡¡ct .,.,urk 
'iC·'!i: :1ny consiGt.:ratiOn of the trJffic \\ hich v.·ould develop as a result 
the chJ!lf'ed !arto use distriblltion. The county pc•pulatiOn fon·ca"t~ 

this nn1 ( c~1llcd 1980-FF) are: 

'13 

""Jl fL!I'Ic''-• '-~ 
1- ., -.:o.., Snl.tnO ·, 7-1, 1 o 1 
1) 1 ·'' • -

\LIJn .3 l C) ,089 Ct•ntr:t (","ta 7~S,S74 

S.tn \l.!l.:o 716,536 S.l!l 1:1 Cl.tra 1.162,194 

Sono•na 5t;9, 1 29 Al.tlllL'da 1,548,474 

213,256 1'\ ;¡pa 
This ~et of forc,.t..,ts doc3 not ¡, fll'ct .my of thc ft·,.'1'.td. fHJJll!Jnd 

me to tr.tn·,portat,or~. lf thc ;.,ctudi lmhs of thc liJSU ncl\\ ('Iks h.td 
unl!mit<..:d '-"JI.tCity, umkr wÍ11ch LÍJCllJ.I<.t.mLe thc !J.t\el ch.ti.Jcllfi~tiC<; of 
thc ]¡.n\-..s would not dctcnor:Jtc :;s the \OlttlnC on the 1tnhs lllLIC':t~cd, thcn 
tlJc,HL'tical!y thcse forec.l't~ wou1d be accepl:tble, thot:gh ~till not ljl!Ite 
n)Jrect. fhc rLmJilling thcuidléé!l cnor is duc to thc incrc;ncnt:!l dcvclop­
mcnt of clJ,¡nges 111 acttlJ! tr.msport facilities wh1ch a11ows port1ons of 
them to come mto public use and to hJvc some cffect on Lmd use b~:forc 
thc complctiOn of olher pm tions Any rnodcl wi!Kh nnkcs 1ts forcca~ts by 
dhcret~; ju111p~ tlJ¡ou_sh t11nc w11i in~·v¡tably !llJS~ some of theo.e phenome-

na. 
Thc 1930-FF forr.:casts Jie rlotted :n cb~l•cd lines on Fi'gme 6 ít ~~ 

qu1te ck.u from the-fi~ute that these rc~ults d1ffcr ~ub<;t;¡nlJ.Jlly f1um thc 
¡e~ults inch:ated by thc strcam of iterationc;. \\'hile 1t hJs not yet bcer~ 
po<.s1bie to make a statJSlJ.cal compmi-;on of thcse result<>, 1t dppcars t!·,;1c 
1he ¡csults f¡om the ¡r¡tcgrated 1í1cdel systcm ;_¡re much more J¡kcly ro t-t~ 
concct, 1 e bctler forn:t<,ts Fin:.Jlly. 1t 'houid be not..:d that in th::•:.c: ::.re:l:; 

\·, hcrc tLc:re has b-:en sub~Ln1t1al real gruv. th 111 p<l¡~ul.llJU'1 (thc s·~)uth­
castein countie<>); the ¡nll:gí;ltcd !l1oJcl sy~1cm r·~'-lllh ;:¡re con:;¡<;tcntly 
\!1 e<ner C1an those of 1980-FF. This is ;:¡n cn-cuttf a~JJ1g rc~ult ;md i~ 
~ll)_!.gC~tive of thc poten tia] .llhunlageS lll furec.!Sting :JLClll <JC)' tO Ut: hari 

fro111 the inle\Crated model S\ stcm. 
Bef01e c~oncJLiding th;s.paper, somc fú1 ther di.;;cu..;sion of the nl'twork 

Inodelhng 1s m order. Jt is clear that it i:; of nnport.mce to have wJys of 
a~sess:P \!, tlle "~i t UJ t ton" on the tr .m sport ne tv·: orks Sin ce the origin-t o­
Jco.tm._,¡~c~n t~ip 1natrix wJll chan¡;e. as descritH:d abo\'e, as tl1c !oc2.t1Clli o~ 
¡_;upuL,:tOn and ~:mploy1~1ent ch,nges, the ,o:umc loadings on the nrtwo1k 
J¡qks v.i!i prov1de an mdication of the traíflc conditions on the nct\\ork. 
One po''11Jk mc:JStlrc is. of "tot.Jl-t¡¡p-rnitJutes ,. l 1

nfoJitliJ8tely th1s 
JllCdSl•íe doeS l'tOt accurateJy renc-ct the tr:1e traffic ~ilUJtion 0!1 the 
nct\\·ork ;ith..e therc !S no way 10 d1stin~t~ish \\ h.:ther the to1a]-tnp-
1n1nute<. (~ome ir Jlll l.nge mJJnbn~ of siJort tJ¡pc; or fcweí nt11l1bers of 1one 
tnps. Aft.:¡ funh:.:1 cümJdcrJtion, it w;.,s d~':iJed that the mean 3!1C 
\tJndard dl'\1?.11011 of l) link \olumc/l:nk Ct\ilJuty ratio, 2) origin to 
J,~stinati,m JJ<1}•>"<iance, <Jnd 3) trip lengrh \\ ot.:ld pi O\ id e some u~eful 
infui!113tJon .Jb)ut the traffic situation on the nct\lnrk Thcse d:>ta <Jre 

'hú\\11 for R·•u11d lV.AVG 111 Table Va 



1·\BLL\'a 

'\ct\ull"- Ch,,r.~c tcrr'>lrl> un Input toii'J_ll\1 Run 

IV 3. IV 4 J\' 5 ·\ VG 1\' 6 ·\ VG 

o 798 o 883 o l:l27 o 81 1 

S Dcv \'ol /Cap, o 839 o 960 O R 22 o .S04 

1\le~n lmped. 74.2 89 o 84 o í\0.9 

S Dev lmped 38 3 52 o 44.3 42 5 

\lean T11p Lgth. 32 o 43 5 ~6 2 34 1 
- - -~------ -----~-

S Dev Tnr Lgth 23.4 39 2 272 24.7 
----------- ---------------------

TABLE Vb 

Congestron :\leasure on Input to II'LU:\1 Run 

IV 3 IV.4 IV 5AVG IV 6AVG 

San Francrsco 1 891 2 005 1 939 1 928 

Mdfrn 1 .4 25 2 025 1 2:29 1 090 

S,w l\1 a te o 2 246 2 176 2 144 2 102 

-
Sonoma 2 446 2.711 2 453 2 407 

Napa 1 048 2 218 1 341 1 262 
------------- ------------

Solano 1.837 1 467 1 526 1 551 

C'on tra Costá 1 558 2.311 1 567 1 566 

Sd n t a Clara 1.719 1 663 1 692 1.677 

1 810 1 922 1.777 1 766 
---- --------------------- ----- -- --- -- ------

\\'hile most of the oscillations m the county population forecaqs can 
be seen to follow the oscJllations of the nctwork medsures, these mcasures 
<He not zone or county specilic. Comequently 1t 1s not possible to 
cmnpare Lona! or county forecasts w1th the condJtions on the·relevant 
portions of the nctwork. A crude zone-~recillc me:lsure of conecstion was 

' -

215 

!he rc·f(lrt.: dn L'l\'j1L'd, h. ¿'IJJliJilg \\ 1th thc Ltcl th.tl 111 c·.tch /r,nc thc·re 
nctwork Jn.Hl-Jwclc Al! IJ.tff¡c \\ hkh cJihcJ nn~rn:tlr:<. or f, lilll'l rk<- ,,. 
l.OI1C JJHJ<;t p,t\~ tllHl\l:_'h 1Jn<; lu.,d-rwdc \\'e· k•uk flr'>l at :di uf tire irc'l\' 
J¡nJ..~ \\ !11~..h ongin.rte :ll thc ],l,Jd-nndc, thc 11 .tff1c on tbl''-C I111J..'\, .~nd 
vulllJIIC¡\.tp.iLilY J,dJO fnr thc lt,,tJ,·J linJ..<; lt ¡<; fhcn pu'.~Jbk to Lnrll] 
.lll ;J\l'J',l~C \'O)UillC/C.ip:lCJ()' I.!IÍO \\l'l)ilc'd by thc lr.1ff1C L'>.j'>c'llcllllllg 
leve) of cungestJon ilnplic'd by the '()ltfJllc/( .1pauty r.t11o. Wh1le 
Jlll':J'>\IfC UOCS give Jll, Jlldll:t11Un of í'üilC-\j1t'CJfJC Uill~C'\tJOn, it h,tS 
f.llllt of not di ... tinguJ~hing "tiJJough" traffJc on the JmJ..s p,,<;..,lflg th1r 
thc loJd-node (i e trdff¡c "hich nc1ther 01 Í:_!Jil31r:~ nvr tl'J Jnin:ttes in 
1.onc), from trips origin;Jting at the load-node . .Con-.,equently, thc p.nt 
Jar placcmcnt of the Joad-node in the zonc affects thc JJilount of tluc. 
traffJc ,IJ)d the rc~ults Ncverthclcss, th1s /.onalmca~ure c.1n be cxtcnJc· 
th~ county leve! which ,¡verages the cffect of pdrticuldr Jo:-~d-node pi 
mcnts, and thus compri~es a county leve) measure of tr:.msport nel\\ 
congestion. Thcse measures were calculatcd for the runs of Ro 
JV.A VG and are shown in Table Vb. 

lf the behavior of the conge,tion ¡neasures is CCJJnpared to 
popui:.Jtion projcctions, some intcrcstmg obscrvat1ons may be dcvclv¡ 
TI1cre dfC two general c]a<;ses of bchavior to be ob~erved. The llrst IS wl 
the population projections and coJ1gestion mcasures are one itcr:JI 
"out-of-phase" with each other, e g. IV.3 congest1on is "h1gh" and 1 
popu)JtJOn is "Jow," while IV 4 congcst10n is "Jow" :md IV 4 popula\ 
is "h1gh". This sJtuatJon occurs for f¡ve of the nine cou111ies (Santa C'J 
San Mateo, Sonoma, ¡.,;apa, and Marin) This_~ituatJOn 1s what was 
pected of the model system, bc111g of thc general form high popul;t1JOl 
high congestion -+ Jowered popuiJtJOn -> Jowercd c.onge<;t 10n -> r11g 

populatJOn-+ etc. 
Second, the remammg four counties (Alameda, Con! ra Costa. ; 

Francisco, and Solano) exhibit a d1fferent form of behavior. In tb 
counties the population projection and congestion mca~ures are ' 
pli.Jse" :-,vith each other, e g IV.3 congest10n is "h1gh" and IV.3 pop1 
tion is '"h1gh," whiie IVA congcstion JS "Jow" and IV.4 populatJor 
"Jow." This sJtuation is of the general form. h1gh popul:ltion -+ 1 
congestion-+ JowcrL·d populJtion-> higher congest10n ·-+ h1gher populdt 
·-+ etc.' This JS a rather unexpected mode of behavior and is cunently be 
investigated. There are severa] pos)ible explanatJOns 'to be tested F1 
thcre 1s the po<.sibiiJty that the "through-traff¡c" 1gnored by the con~ 
tion ml·asure is sufllciently important to be biJ!'-Ing the mc<J~ure é 

making it an inaccurate mdication of the true area-spec.if1c lcvels of con~ 
tion. A second poss1bihty is that conge:,tion is not pioperly mc.1Stl 

"ithout com1daing numbers of onginatmg trips and a\er:tge tnr kng1 
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1 e cnn:.;c·-,tiun ' •n ·:>rc<J cou!d 11\CfC.t'C 1f numl,c:r of 1TIJ'' dt'( !Jntd 
<.Jightly :u1d lrlp .. ll~ths ,kcrc,¡<;Cd 'llh<-': 1 .. d!y r!ic ·f.1C 1 ikll tJJne 

dPJ1•'<Jrs to he a ') sll'Jn:llic ~patr:Jl di<;trihufJ'>:J of thc cotlllllt'' d1'pLying 
thl',e molles of bch:J\ 10r <;U~~~l'<;ts that this p1 ubkm c. ·111 be rr~ohed in a 
~y<-1ematic L1~hion. 

Two in1port:mt po~itivc j)f\Jnts tu be 11ükd hcrc \\di c•·ncludc the 
di<.Cll'~IOil of !1CI\\Orl\ Jll\':l>llft<; rirq, fhe C'Vlf,dJ PCI\\Orl-, llll'.i'-tlfL'<; ei>en 
in T:~blc Va do LOJJvngc \\'Jfh the popui.J!Jon p1njL'ction Ltl)l\cr• c'IIC; ;

1
nd 

dfC p1ob.1bly indicéili\·c of thc rlc·,1rcd L'(jtlli,brlllm bc:1ng n:.1Ll1cd~ Sccond, 
the CO'lt"sti0n P1C:1:-mes ,JJOwn 111 Table Vb ;¡J<;o '>ccm to LOnvcrgc with 
the convcrging popul:llion prOJc'ClJons. The :uwmolous ikr.Jtion-to-itcra­
!Jon b:-havior of the c.ong:•<;!Jon !l1C.iSllrc~ is 1no1c Jil-,cJy lo <;hcd .1rlditional 
l1ght on thc nilturc of thc p1occss th;:¡n it JS lo vlliate the rc,ults obt:Jined. 
fJJ1J Jy, \Ye note that in thc dcvciopment of a system of m0dels and 
intcr,-cJ2tloPships as comple.< as th1s one, simplify1ng assumptions and 
::erlrtin gr.pc;, both theorctical and operational, is inevitable. !Jcre, how­
:·ver, and espccialiy in view of thc preiimlndry mture of these rcsults, the 
~11estion i<> not n¡w of a.b',olutc 3L'CtJT:Jcy of for.:c;;sts. The nature of t!Je 
ó.~pnnsc n[ t]lP whole ',ystf'm is tl:e key rt::o..ult Thc demonstra110n of the 
.:;;o.t¡ve '>Cnsit;yj¡y of l:Jnd u~c foreca<;ts to lrJnsportafJon ndwork cond

1
-

,·,,~s, :md of ~~.-í;"iL' on 1hc: n::·1,vorks to land use forc>ca<;ts, and that they 
::1c:h ef}•li!Jbriu-n, 1:; t:•r:: princíp:tl Olilpur to date. 

There i", nf con¡ ;;e, rüOfll for irllprovcmcnt lo this model system The 
J.,._,,v¡qg JS bu~ 3 <?iLpie of fhe qucst10ns to be cxplored m rcg21rd to the 
·Lquacy (or acru;."'·YJ of the systcm's forcca<;ts. 

a) What at"e thc c.ons~quences of redJstnbution of ba<;ic employ­
,,.n~? The PLUM ar,d iPLUM models are deri\atJves of the LOWRY 
cdel and as such rhe forecdsts of basic t1nployment drc exogtnous 
·ru!f. to thc models. Jt is c!ear that tramportation nctworks do ·h:JVe an 
·ro.:.; on the lo·-:ltJon of some basic employment. Further, there are 
"(.:1g j¡-,Gicatiol:~ of decentr:liJza>ion of :,ome bas1c employment in metro­
) ::: n 21_?3~ T:.) 1ne e\\ent that il11s ;113y rcp¡.:sent a sn;niflcétnt sh1ft in 

.... pL.;ce !t.KJ1lll0, lhcre art' nnpacts toLe fclt tl1rou~huut thc dTea How 
·~·~,fd thc :l'Odcl sy~l<:'!n dcai ,;Jti1 tilis problem tPutn;an, 1972)? 

• \ " ~ T)' ! ' ' 1 d l • J 1 1 • '. 1 • d . 1 f' ' u, •)C'Li t L~·¡• Zl'i · : t .. tJM .oc;¡ te res1 '-pc;:c: stnct y as a unct1on of 
.. írip cLstrih.iliGns, d\'.iJiable land, <:~nd suh~cque:1t. ~(lJTiewhat arbi· 

:·,<, comtl.·.J·L. \'.'c•¡k wi!h c.ther !Jnd use modeh indícc.tes that loca­
·:;· ;,;¡~;·;1 ;tic~. (}r po'entíJl re~Jdenrial locatJOns hJve 2 signJfi,_,J11t im­

; ;,:;w can ;:)'.;o·,,_· models be rnod1f:ed ro include thcse ;¡l1cnomcna? 

<' The ndwcr~.:. now u.;;;:d in the system are highv,ay only. Clcarly, 
u) :re import;¡n\ f¡uestions for future metropol!tan dcvelopm..:nt w11J be 

j 
1. 
i 

th·:t uf tJ¡c 11tility of ¡1¡d•Lc (:,lJ'S) tun,¡1 'Y~1t lllS ll t ,111 thc J:l•Hit 
<.y·.lt'l11 lH? nwd¡f¡~·d lo inLii•ÓL' l1 ( 11h ¡,;_;¡¡\,::y .md 11:1!1~1! nc 1\\!•rk.;; J~ "l': 
as a 111Pcl.!hpl1t pr(\'-t·durc'! . 

d) Thr lnd of ot'Cior .. J! dL:iail llllollgl.out lht: nwJcl ')q~·m IS lo\ 

hibhly .~~~Jt·g,llcd. Wherc :u1d how can di,.~ggrt g.llions be JCL UlllplJ,hcd? 
e) \\'hat ,m: ti~~ c::us·~s and con::.eu,ut nc..:::; of thc rc·m;¡¡ning lll\Libilit~ 

of thc model syqem? 

Al! of !lwsc lJliL'\IÍcJ'S, plus uthus, !C:LJLiirc furthc:r Jll\'c·sti!::.dJon ll i 
wonh notine. th:Jt ~.omc furthcr w01k on thc si.Jbi11ty question 1\:J'> don' 
which yiclcl~d cpcoura~ing rcsults. Du1 1ng the onboing tcstJ¡lg of th 

. rnodcl pddJge, probkm'i \\ Jlh the <,l,!bility of thc rc<lllts continucd lo b 
cncn!JlllL'ICd. ;\ftcr furtht:r :Jnalys¡s of thc problcm 1! .ippc:n'-"d th:1t onc: o 
the ftllltiJPlL'lllal J¡fficultics W3S !he <;ÍLe of thc prujcc!1on intc·n·dl In th 
cx 1qing ~~~odel p.1cbgc a proJeCI)l)n is rndde to the ye<:~r 1980 frol!l il bas 
vear of 1965 in onc step Succ-:~<;ivc itentions of the Jnodel p;;c] .. agt u 

;1ccded •;imply to attempt the fmding of an cqullibriuJl1 solutic:1 Ir ·.va 
thou!2ht th;;¡t an ;¡J(e¡native :ncdns of fmding the equJ!ibriu1;1 would l.J\" t, 
.1ppr~:;ch it mure gr<tdually m a v.ay analogous to makll1g !he proJecJioJ 
fron~ 1965 to J 980 in <-cver2l skps >"athcr than in one gre2t ~lt'p lt \1'3 
lloped that su eh a p1 ocedure would both eliminate !he rcma:ning insL 
hi!Jties 111 the model sysie'm and b·2 less e)o.pcnsive lo operiltc by vir't\H' u 

· · · f 1 ~ • ~;"" ·r¡ '\.· 1 e'·e~'''' 1 '~-¡i"~ rcou¡¡mg fcwer !krat10ns e t le moucl pau"'.Se IC: e lu r,c ~ · "''"~'- · " 
• i 

tlllS time 1s that Jl v.¡Jl 1ndced do\\ hat we hope. 
A Vl'rbal dc"cllpllor. of this procc:ss, ~hown ,n F1gure 7, JS dS fr;lJc.·N~ 

l. ;\o,sume that the basr ycar 1s 1965 Jncl.the plojection ycar JS 1980 
2. The lw;e year ( 1 965) 1 nps are luaded on the 1 980-ul.' ¡ wurk :m( 

zonc-to-z~me imped~mccs are c.alculatcd. 
3 With thcse impcdances, onc-third of the regional conlíül total<; 

and one-third of the 1965 -+ 19'30 basic emplo; ment 1ncrcmcnts, a~ 

ln}'Uts, IPLLH.1 is ruii éJi,d ;;ew tnp Jlt..Jtric.e~ ~enerafed. 
4 The 1965 tnps are subtr<Jctcd fr~rn th<: ncw irip matricc5 and thc 

rcmdÍillllP new tnps are lo3cled on the ahe.dy partly lo;.¡cJed l ~l80-net· 
~~·ork ~.:""'w ;.one-to-zone impcdancr:::~ a1 e cdlculatf'd . 

5. W1th the~e m:pcdJ1;ces. twc-:hirds of thc rc:gional control iot3!·; 
c.nd an :Jdditivnal onc-th1rd of tJ¡~ basic cmpJoymcnt inCICJ,lt'lltS, a; 
inpurs, !PLUM 1s run ami nc-.v t1i¡.; mdirice~ ..:re gencrated. 

6 The tnp llialnc:e-s from S;ep 4 <:~re sub1ractcd from thc~c ncw trlf· 
m3 t ri.:es dnd the rem~ining new tiirs are Jo::-;d.?d on !he r<~rtJ:dly lo.Hlec 
1980-nd\\ ork. 1'\ew z.onc-to-zonc Ílll;'l'<~2nces are calculated. 

7. \\'¡th these 1111p.:dances, the fu!l rc!;,ional control totals, and the 
final onc-third of the basic cmplo) rm:nt incruncnt~. as inputs, !PLUM i~ 
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1 'JSO-Jh;(\\ L>rk. ;-\L'\\ lliiJC-10-/u!ll' llllp·:d.IJJCl'\ o~ re, :-luil.J!c·d . " 

9. \\'rth thc:..;c impcd.lnlcs, !he fu!] region;¡ltuntrol tut:do; .. 1nd ;,·ro 
b.1~ic cmploymc:nt inLil'flJents, II'LUM is n1n and <;!Jould fhcn 

1
,':PdtJL": dn 

u¡u¡lJbJ itlln snlutron. 

-11PLUM J J ,, d'~ } --- 4~dm¡ll l l.~( •i JJ 
_ Tol2 lnr 1•12) 
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lncrtmenl [

-

F1g 7 SchematJc of New Process for ML,del Package. 

OTnp J r ll1np --J 
"luru. 'turu. 

-_r- -J--
'"•o•k] L --] "todtl ...,,,..,ork 

-- \lodel 

~ TJ~is new process '-"dS run through step 8. The resulting populat 1on 
proJectJ_ons,_ where XA-1 = Step 3, XA-2 = Step S, and XA-3 = Stcp 7, are 
shown m F1gure 8. The dot kd lll,lCS in Figure 8 represen! the projcct

10
ns 

from Run lV 6AVG. lt can be o;cen that the ncw process comes rather 
close after tlm:'e recursions to where the old process was after six itcra­
tions. The fourth recur,ion of thc ncw process was not run as dec;u1bed 
above, beLJUse of an une:\peckd ope¡ ational deficiency m JPLUM The 
mod_el is thcoret ically capable of p1 OJl'Cting the re<.ponse, in tenns of 
~paiJa] rcdJ~Iribution of local-o;erving . cmployment and population, to 
changl:'s lll bas1c employml:'nt and/or transportation faci!Jties. Howner, 

1
t 

c;mnot úpcrate w1th a zero change in b;1sic cmployment. S
1
nce therc wcre 
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F1g 8 New Proce~s, Populat10n ProJect¡on for 1980 

not sufficient resources (or tune) on this project to coJTect this dcf1c lLli 

in lPLUM, it was not poss1ble to run the fourth Jr'Lllrsion (Step 9) of í 
ncw process as onginJlly in!t'nded. 

As an <Jlternative test, the impcJances frn1'n Stc:p 8 '~ere u~ed d 

1PLUM was raun as m Step 7. This mcans that the bc;t growth inc1 ,.,nc 
was c1dded to the prev10us two-thirds, but u:-,ing the impedances JL 1 J\' 

from the pnor estima te of the last growth inc1 .:ment. The results of th, 
two estima tes of the spatial distribution of the la-;t ~~O\\ th increment (o 
based on a two-thirds full network and the othcr on a threc-thirds f 
ne~work) should, if the ncw pr,ocess had found an vljllJlJbrium in the fi 
three steps, be nearly idcntical. In fact, the Ln~...:st d1fference, al t 

county leve], was less than 5%. These d¡fferencc:~, <.hU\\ n as point XA-4 
Figure 8, are: 
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c::;,¡n Fr,· ''-CO jo ()!)';( SolJnO +] ...... "), ... 
1 __ le 

\ 1.1! m t4 07'!c.. C11n1ra l-tl"ta o 1 21i& 
c::;,,Jl \1lk0 +0. 77/lJ C;,nta f'Lna -: ü4 1ié 
c;unoma +l. 76% A J;, nwd a +O 3 l 7'é 
:-..;.~pa +2.29% 

\\'hile furthc:r k'-!ing is cleMly dc\Jr:!ble, tl1l' irnplJc.llion 0f 1ht<>e 
rl·,ults is tk1t by this ncw proc<'ss !he v.l10le ~y'llun r(':JChes .Jn l'IJ1lJl,lHium 
point mju~11luo:c ~t,p!> :1s opposed lo thc five or '>Í>. Jtcration~ ru¡uired by 
thc (l!Íginal proccdurc Fur1hcr work \vrtlr thc lliOdcl pacl-.:JgC wrll be done 
W\1 h ! h lS ncw j)l L~Ct:~S. 

Conclu<.ions and Polic} Implic:rliuns 

lt will be recallccl that the princ;pal puq;osc of the rcscarch de5cribed 
in 1hi5 ríapcr W<JS to invcstig:,tc thc Jnlencb(JOllSh!pS bct\H'Cil tr;111SpOrta­
tic>n an·j ],md u<>e Furthcr, it 'Nas de..,ircd to in-vestig:Jte the' fc:ts1bility of 
bc~l:•nccd t;anspoi 1ation devc-!opment .md Lmd dc\'Llopment. Todo this, 
an iJHcgr;_¡ted pack:•ge of l;md l!Se and transport:;!Jon models wac; devel­
oped .1nci Alb_¡,:,:ted to lnlllkd lt:~,inlg Though thc concc1H has often been 
di<-C1•SSC:d, li:is eflort rcpre~cnts, so far as -,,.e 1-.now, the f1rst ope¡;¡f¡onal 

dc·Inon',:l<O\ic;ll of the ¡;¡tt:rrel:Jflonsh;ps, in pcH!Il'lllar, of the feedbacks, 
t•Ct\,;:;en t~c,nspuíL,\JOn and land uc;c From tht' st:Jndpomt of mcthod, the 
ksting of tlm, rnorlel <;ystem <:tron.,;Iy ~uggests that the currcnt, prcvalent 
practice of using tJ:Jnsportation ;,nd land use models wJthout these feed­
b¿._cks, is vir1ua~ly c,·;tz.in to in~¡oduce SJgn¡ficant crrors in the1r re)ults. 

\\'hile l!lllch .JddJtional tcsting is neccssary, the model tests su~gest 
hro<Jd policy pos~Jh!l!ties. Conge~t10n of networks produces tcndolCies 
tow<-t:ds ccPtrz•!inlion of econcmic cctiviti.~s and !:md use m mctropolJtan 
are2s Uncon~~ctl?d :-Jcb·;crl~:;, or improvtnl•~nts to congcsted nctworks, 
prc,cluce trpd::n·,·ies toward5 tieccnt¡~¡JiLatwn of cconomJc activities and 
J.;nd 1"e in mcí ropoJ¡¡an ?.:e.as. Cu;¡sequently, it is po~srblc that polJcres 
\vhich :::!low CO!~geSJion of ncl ... crk': :rr mal,e tr:,vel more d¡ff¡cult (and/or 
cmtl~? J. wdl as<,i-;t in the n~duct¡c,.1 uf ,r¡etropolitdn sp¡.¡wJ. Sull!larly it is 
)1\J~Slh!c !h:ot ro!Jcie.; \\·h,•-h ¡ ~:i..:h <:l-:.PgCS1ÍOfl :md ma\-..e lf3\ e) kss dJffi­
C!ll[ wili ¡'.:UJilOte rndrop0litd'l Sf'l awl and subscquently prornote ilWre 
tr;\,.· .11c: ~,(idi11011a! m.tv•ork conge:;tlOn. Policies which limir land devel­
·;,·.m-.:nl in ~o.;Jc <Ji-t<:Js, cu;nbincd w1th pJ]i( ics \\'h1ch attempt to relieve 
CCll.;.:est:on ·:m <(¡JTJC po,-tions of thc ,1ct work, whlle allowing it on others, 
may br~ f'O\\ ,orfuJ in~truments for rnaintaining a bal:.mcc bctv. ecn trdn~por­
iatíc•n ,,nd l:md u:;c. Such policies nlight pr01;e < apable of directing or 
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l-¡, ., 111 c:l 111 ~._ ,,¡L'1'('j/tlt,1.~n :;,·u,, th .• nd, :l·r ''·•::.¡-ole. 111 c,.,,,._•·:.ilH•ll \\llh 

0 ¡),, r fnlllb nf plll>]Jc Í~:l't:'lillL'llb, (·illd bL' lh,f11l lll tl1c de·\ ,·lu;'ll'• nl of 
n'- 1~ tc1 1, 11 , (l•r q:l'·lliiLkc~tl'llllll'fi<JJ'!d:Lill ¡,~_,l''h) .. nd luJ,<;·IL'Illl ll IJcf of 

lll.J!l)' of thc prc~~ing urb.1n pruhl,m~ uf {(ld:ly. 

The 1 c~e:nch dc,uiLwd •n 1bis Jl"l'cr w.1s June "' p.nt ofContr.Jct No. 
DOT-FH--11 -7843 from thc U S. Dcp.~f!rnlnt uf fLJI1oportat,on, rcdaai 
JIJ~~hwély AumiPis1rJ1ion,- U;b:JJl Pbt;ning Or,:¡cinn to thc Tn<.trtLJte of 
Ern ironJJ1L'I113l Studies, Dcp.ntment of C'rty :n1d Regional Pl.~nnJng, U11i­

vnsity of Pcnn') h .1nia. Onc of the c'utputs of th:1t con1r<K1 \\as d JL';1ort 
cntrtkd The Jn:e;;e/ationships of TillmjJUifation Dr!rclopmcnt rmd L1J1;.l 

Dcl'clopl'lent. Ccri ,tin table•; and f¡~tnec; in th1s paper wcrc 01 i~j 1 ,a;Iy 
p:cpMcd f,H that rc:port. 
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l:k1: th~ ¡¡roverbi;,;l 
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H yo11 b::;lrl :¡ rr.t:rr 
!'"I).Hl. f i¡(' "•\."c')!"]t 1 1.".'Íli be:tt 
;; :~-1:1 tn ¡:<; dr.nr.,!Pp­
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~!'1 ,,1\"S ;¡ Cr~o'. ,•r:-il;r 
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i:.t. '.:: ¡o;¡¡j.¡_ Jr butl<i:n:; 
r.r·:. nnr<,. 

In f:~tl. he s:1id, it <~fl· 
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o~ni-vr: srty. 

'J'i•e 111 oíc>~<;or u se ci 
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Th~ h y ro t h e t i ~ "'l 
ro;¡d" 1 ::tn hrlwrrn í);¡l•­
lanrl """ L1vrrmo1 ~ V:tl­
J!'y. ;¡r.d bclii"Ct>n Lrv<'r­
mrv-c :.¡ ,_,_d norLiw. cst S 1 n 
JO<;•' 

'i';:e- im;t;:in.wy f rE' P­

\\<lY' \\l'tl" inlf'nrl~ri to 
<'CI'tral,~c, rln¡•cnd,n~ d<>-

Vl'loprnent ir. r-aster n 
Alélrncd;:¡ Count_l' 
· Jir1t ti~!' "roM!s'' ciict 
~<W1cthrn;: c¡uite ctiffer­
enl fr,1:11 the rlan. 

An~:1 1 t-s.;irr¡to; tn•ri 
the h>·~!1•.1 .<_1 e; f11r long 
rl i ~ t;; n e e cnmmu11n¡;; 
'l'hi'i re'>.!Itrd 1n ;~ ~r·ner­
;¡J sr.l:!llt•tly shtfl of rhr: 
r.:!::: 111 n ·~ rmrlrJym~nt 
and pnpui.l11on. 

'l'ile sotl\ h2:1~lrr n pnr­
:!On of·Z~J.:IIIl County 
\:';1~ ~~~ ,11n¡H'rl wifh nrw 
re~1den1.~ ilnd lonf­
srr~t 111:.! <'lllploy~ttcnl de­
v.:!lopnif'lll. 

1 n 1 hr ;¡ h~f'IH'C of rc­
~inn11 tdr> J;:¡nclii~C ton­
ltol poltclc-;, lhr. htgh­
wa_vs dHi nol prodnce 
the dc;;1:-r:d rc>•ills, I'ul­
m:ln <;::iid. 

:rh e p r o r e ~ ~ o r ::11 .;o 
ti:<Ni COO!piiiC'!:; lo !im1t 
dcvclnp:n(·l1L tn we;t crn 

----~---------------~-¡ 

¡ 

Cnnlr,J Co'it C'n11nt_v :111rl 
ccntr ;;[ :\l;;uli'Ti--i Cnr•r.! ·; 
h_v im¡)o<;ing ~f¡:,:t 
lnnri-11sc cnnlt ol~. T t. e 
p•lliLV .,,·;:¡~ ~IICCP~<¡(!i! ;n 
]tn'dlill~ IZI ;)1•.1:1 :'1 lhP'iC 
l wo C0\1:11\r ,_ l~ut hr­
c;''"r. flt,, c-nnlt111> 11 r1 r 
no/ lOOI dP1.1!\';J on a : r 

g•iln·ll ,ele ';:'~''· ol'\ r:. 
opnr!'nt r:~n r ,1mr;¡nl in 
lht? :lc!_¡;H'\i!l <'I'Tillltr~ o( 

l\l:ltln. S ílll.o m :1, ~.1pa 
:->nrl ~ol;rno. 

''Tite 1111'\~;t¡:r In thr. 
H:·y !\1 !':1 ,, t: i Par: 
l, 11 d ·11 'i (' ("111111111<, :1111[ 

<· 
ti <ln,¡•nll:;ttrlll cr.nt1 o!<; 
lllll\[ hr rntf'::r :t:Pd on .1 

rr:..::on11 td~ J-.;,\i'i tf ele· 
\-f'll.plllr:tt :s ::rlln::! lo he 
;:¡cru: ~ic!y fnr rc.~·.t and 
controli('n,'' Ptilm;¡n 
sa1d ,n hr' rrpr.rL 

·:·hP. pr nfr'i,'H' :~l~n r--::­
pl<lillrrl lt:-111 hP. l.rltr'vc~ 

tite nrw J:r;lt·,t. ;:y:-;'ncw 

ci<'l"rinl'n;rnt ~ r:. r:l~ 1'['· 

Cl ~¡ 1 C:. 

''¡\) t;-,lk nf ;¡JIPI'. ¡n;¡rl 
hr:trd. :;pf',-,.i;;lnt ~ ,,nri 
de\ p¡,,pr1 !\ t'nfl.-:.¡dt'I pur­
t·h;:¡-,¡n~ ;¡d¡,¡. ¡•11\ 1,\l!d 

~!;111~ prn..,:tr'~'i ;.tHi r:l''-

" V('(Opf'l ~ 1d't 'lf\1('-- l\l,)í •, 

1l ~ ..; ll : ( 1 ¡1 11\11 !)/11 •
1 lj l(J 

pr•tllr;Fr l.1nd {illc • t:•" 
!rl.Jd 1~ "''•lr1 (r¡q,lllrl­

t 1011 rlt''.'l' ln¡•l'l \ l1 r ¡: 1 11 

t h P.! r o\lr, •~'· d•·rrr¡.r[ 
:111 d ("tlfllll,f'I(J,Tl ('11!1· 

S!llilll>~ll fiT',II Ir._ JI 1'> 
J,t t ]¡. ~1/1 1" ''" 11¡¡•1) t lt .. l 
OlliC' liH' ltl.r.! 1~ filo· 

i:.l11•d. cl''"'·"trl is i-!1 ¡·,Jl 
c•r lh.111 ,111111 i¡• dr·d " 

lllll P,l\111;: <''illll.iiC''i 

Of di•IJJ,¡IId :11rd h:lli.IIFIC, 

widrr ro. u!~ 11 111 nn: pr !'· 
\enl 01 t'' tTI11', cl1n..:, hf' 

hr!I•'VC'\, h (' C ;tU o; f! ";:¡ 

llCW {i1Ciit!y t:IE:~iiC<; 1{) 

0\1"1\ dcm:t1~d." 

1 
j 
1 

__ , 

¡ 
¡ 



' J 

For releasG: 
Sun~~y, August 26, 1973 

r ,' ...... f • / : ¡ '·' t ) ~: ! . . J • 1. : ' > ¡. '1 
'1. ' • ,. [ ! / ' { :' . . r 1 

• ' .\ 1 , .. • ' 1 .. .. .1 \ ·' ' ' ~ ! .. ~ 1 • • \ , ... , 

l\ 1 ' \ 'J : • • , ¡ -" • ¡ !{_: - • ~. • ~ " 1 • ' 1 : ... ' 
• 1 , )' • _, .. ~ , , • -.. • , , • .. ~e~ L~ l.~,~ r t J 

::~·J.'~ ~.'~dri!~~ ~-l~:,J· . .:t,'r-..~-.3: .. t· .. ~t:~:\;., ;~~~/~~ 

For 
Chat 
Tel. 

inform~tion, cnll: 
B la kc:~un.n 

(215) 59L} 8721 

Coni}cstion on the nation 1s high.ways is not likely to be easGd by 

widening existing roads or building new ones. In :fact, appcars that 

trafíic congestion will follow whercvcr new facilities takc it, often 

accmnp0niecl b~ strips of t.mclesira.ble commercial deve 1 opment. 

That's one of the basic conclusi..ons reacherl by a Un:Lversity of 

Pc·nnsylv::w,ia study of transportation a.nd land use. Dr. S tepllcn 1?ut.m::m > 

nssoc.!.:.1te pt"ofcssot· of c:lty p1.annJ..n¡::j at the Univc:rsity ancl prL1cipal 

nutho1· s.'1ys th:1t tmless zoning controls are incorporated ·oith plans 

for ncu t.ransportntion f<:'..cilities on a region-·r.·li<le bas:Ls, the n<l.tion' n 

tr.::ln[:portat.i.on systc.m is not likcly to becornc more convenJcnt tl1an. it 

it 5.s nou, no m-:> ttr=1: v1ha t roa.rls are built. 

Putrn:m' s study r:~.nrks thc flrst türe: com~)utcrlzed trnnsport.:.l L:i.on 

und l.::nc1 use:! models have bccn integrated successfully: Stuc.li.cs t:o 

d<.lte h:-tve usually asslJmcd that onc of the tHo variables remrd.ns con~ 

s tnn t. It is Put!J\tm' s contcntion hmvevcr th.:J t a dynDlíl:Lc r¡;; t<'_tt Conshi p 

[~.::tnl t o J.,¡_ nd nsc: contro 1 s, vc.•J~~:;D, 1.-1ill load Lo unc:;:ncc í:~d an.:.l -·---- ' 

tmcontroll.cd r;ro\vth. 
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'l'hr.! results of planning Hhich didn 1 t tnlce account of both can be 

sr.~cn in hlgh'JO..ys which are ovcrcrO\vdcd soou nfter they are completed 

• 1 • h ff l 1 11 Tt . . 1 t . nrw \·hU .. Cl su_ .... :r prem.1.tnr2 o JSO .. cscence. .. 1e prlnc:~.ra qu8s .. .ton 

adcln-'ssccl by Uw rcseaJ~ch io ,;-1lu2ther it is feasiblc, vía integt·nted 

t:;ransport.1.t:Lon plannin?; and land--usc plo..nning, to avoid or nmeliorntc 

tlw occurancc: of this particular phenom2non i..n the future, 11 the 1~eport 

states. 

Putman' s study focuscs on the nine --county San Francisco Bay area, 

a region which is typical in experiencing considerable development over 

the lnst decé'l de. (A sum1J1ary of tbe Boy Area findings is attachéd.) 

The typical scenari.o for higln-my constructlon in this aren and 

othe~s runs srnnctbin~ like this, Putman Bnys: 

As tal~ o( n new roAd iD hca~d, spcculators and developers consi~o~ 

pu1~c.:~:::.-~s ing a.dj ace:nt J.anc. Plans progre s s and de ve lopcrs becor.1c more 

n~;:::tu:cd nnd b(::r,-i.n to purcbase L:md. Once thc road is undcr construc-

tion c1ovcloperfi bcgln thc~ .. r m·m rosiclent~_al and cornmercial construct:i.on 

ncarby. It i~ little surpri~c thcn that once the road is finished, 

1ncreas:1.n~ cst~-~~1atcs of CleP1<1nd and buthling wicler roads \vill not 

p::.:cvcnt overc}:o-.:-1ding bcc2u3e, s:tys Putman, 11 a nc~:,v fncility creates its 

mm d~';nand .'' Tbe rnos~ eff:ec_t:I:vc_ solut:i .. on accordin~ to thc rcport is 

to make lR11d control an integrated part of trnnsportntion planning. 

'¡Vü~Hed in the l.:t:t·r;c scnsc,." he says, '\JL!' re talkin3 about thc 

procc~; :; by nhic ''- met t·opol itnn a re as exp.1nd. In more immedia te tcr111s 

\-Jc'n~ taJking a~out u~l.y urban spr.:nvl.'" 
(mor-e) 
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Los Aneclcs probnbly offers Lhc best exnmplc of what unplanncd· 

gr:o1.-Ji !1 c:~.n T'!"h2an. Nc\v highvmys encourar,ed outr,1igration, sprcac1ing tlt~ 

city 1 ~ effectivc bordcrs furtber ancl furthct~ ano encour.ag:lng a dcccn-

tralizntion wh.Jch ma~.tes thc crcation of ef[cctive mnss tn~nsportntion 

facilities both difficult and cxceedingly expensive. Other cxnrnplcs 

of hi~luroys which have lcd to sprawl includc the Sch~ylklll Express­
\ 

·vay in Phi ladelphLa and the Shirley High\vay running south from 

Oashington, D.C. 

If land use control were more closely integrated with transporta-

t:ion planning f>utoan believes 11 nucleatedli CÍf:ÍCS 't·lOUlcl clevelop, sepa-

ratcd by cxpauscs of park nnd recreation land. This is the direction 

tm·.1c1rd Hhicll the country should be planning Putman maintains, rathcr 

t~wn u llmving clcnscly popu] ntccl snburbs ancl congested roads to expancl 

in n.Ll dircction.s from cities. 

Putman' s report, sponsorccl by the Federal High'tvay Administration 

of thc Dt:p.::trtmQnt of Transportatlon, suggcsts t'tvo scts of planni.ng 

altcrn::n:LvE:!s. · One:~~ biaoed to-vmrc1 thG otatus quo~ sug[>;ests ·tbc r,ovcrn-

n:•::;:-1 t could cont iJmo to bu:lld roac1 s 1 ite r:.:t11y until monGy or ::;pace r.un.·:; 

out (clemand will not decrease becRus0 a lnrgc nunilier of peopl2 ore 

stilJ o.nxious to le:i.lve the city). Si..mila.rly, thl~ govcnmK.mt cculd 

continuc to bu-Lid roads aw.1 mass· trans1t faci.lities simultnnoously. 

Th~ s :i.s by far tb<.:: most popular r;oluLion, 'altl.10Uf·,h Pucm:m <1q•,lWS it :u: 

no sotut:i_un nt nlJ .. Hhilc it m~·y ho.v.-} nppc·ol for thc sho.t·t-l·un, such 

p lnnn i 'l¡j ui ll C'[:HSC ne\·J ancl grea tc:r p:t:oLlclM: -l_n thc~ .Long-:run. 



clL'ITklnl]. One po~•s.Lbillly "Joulcl be to n~J.oH roads to bc>comc so over-

crm.¡ck·C..:: <lltd inconvenicnt that pcop~.c v70U~_cl choose othC'J: menns of 

trélllC110[t,"l.tion ot· evcntu.:-tlly movc closc~r to their pl<lcPs of employ-

me::nt. ''.'!üs is cJ.carly not a vLablc solution. 

Il: i.s TWcr.~:~sary, anLl vi"-ble, Putmau ~JcJ.i~ves to m1.kc lrmd control 

a part oC trans;1ortation pJélnning, }j_miting tbe amount of comn,crc"Lnl 

anct resid:2nt-L<!l construct:i.on aJ.ong ne~;·J facilities. Hidcly employcd 

bv t 1·1'"' 1' 1··'¡ t ,· "'tl .J .. \...: JJ •• - -- t..J ) this would ultimatcly lea¿ to citics surrounded by 

".~t·erJ_,l!_');>l'L"C: 11 <,',1(~ Q]l"scour{l.)"(.l t·llr. ty]1(') L"J . .-1 tlr')"'l1 SIJra"·7 1 so co-nnlon to'1
'"'H S ~ ,_ . - . . - ~- . '-" ~ -- ' u ' \V 111 UCL ./ • 
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INTRODUCTION 

One of the critica! tests of vaUdity of an urban simulation 

model is its ability to perform well on a large number of different 

urban areas. One measure of "performi.ng \.Jell" is the extent to which 

fitting the model to different urban arcas yields similar parameters. To 

the extent that these s h1t1larities are found, and are cons is tent wHh 

the model's underlying theoretical assertions, they provide evjdence 

of its general validity. 

In Part 1 of this paper we described procedures and strategies for 

estimating the parameters (i,e. calibrating) a fami1ity of spatial 

interaction models, singly constrained, and used as 1ocation models. In 

this Part 2 of the paper we describe the results of fitting various forms 

of the Disaggregated Residential Allocation Mode1 - DRAH (Putman, 1977) 
' 

to a number of different urban area data sets. 

CITY-TO-CITY COHPARISONS: FULL DRAH FORMULATION 

The Disa ggreaga ted Res ident ial Allocat ion Model - DRAM derives 

from the evolutionary stream of Lm-1ry derivative mode1s, cast in terms 

of Wilson's entropy-maximizing formulation (Putman, 1978; 'Pilson, 1970). 

Befare presenting the empirical resu1ts we glve here a brief description 

of the mode1. 

First \.Je note that the residentia1 location component of any 

Lowry type model may be \-lritten 

N. :;bLE. P .. 
l j J lJ 

(1) . 



where 

Ni == employed res ideP-ts living in zone i 

E. nuM.ber of persons empl oyed in zone j 
J 

P .. = the probability of a work trip between zones i and j 
~J 

b = a scaling factor to ensure consistency between n11nilier 
of employcd res id ents and number of emp1.oyec-s. 

The more sophisticated Lowry type models m~ke the P .. a multivariate 
~J 

function of the residential attractiveness of zone i and the time and/or 
\ 

e os t of travclllng bet\oJeen zones i and j. Thus we have 

where 

N.:::. b Í: E. l.J. f(e .. ) 
~ j J 1 l.J 

W. = resldectial attractiveness of zone i 
l. 

e .. = a general ized cost of travel between zone i and zone j 
l.J 
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(2) 

By follo\.Jing the Wilson approach, one may derive a simple residential 

locat ion model of the follo•.·ling fonn 

N. = L 
~ 

B. W. E. f(S .. ) 
J l. J l.J j 

(3) 

where 

B . = t \\1 • f (e . . ) 
J i 1 l.J 

(4) 

Then, by substitution 

jw. f(C .. ) l 
N,=LEt"l. l.] 1 

1 j L...W-f(e·;)/ L i 1 l.J J 
(5) 

Th:is then is the general fonn of DRAM, \Jith tvJo Ílirther embellishme!1ts. 



First, in most of the Hilson applications 

f(C .. ) =e 
1J 

-B e .. 
1J 

where B is an empirically derived parameter, In DRAM, 

f(C .. ) 
1J 

Ot 
= e.' e 1J 

S c .. 
1J 

where both 0t and 8 are empirically derivcd parameters. Second, in most 

1 
models l-J. has been a single variable such as popula tion or floor area of 

1 

z one i. In DRAH 

where 

V. 
1 

P. 
1 

R. 
1 

Nl . ,1 

N2 . 
,1 

= 

= 

vacant, bu ildable, land in zone i 

one plus the percenta ge of buildable land in zone 
i Hhich has alreacly be en bu iJ.t u pon 

res ident i a 1 land in zone i 

one plus the percentage of employed residents of 
zone i who are in the lowest income quartile 

one plus the percentage of employed residents of 
zone i who are in the lower middle income quart il e 

N
3 

. and N
4 

. = upper middle and upper income quartiles 
,1 ,1 

_a,o,d,q,r,s,t = empiri.cally derived parameters 
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(6) 

(7) 

(8) 

Thus in es t imat ing the parame ters of DRAN we are estima t ing nine parameters. 

As the model directly forecasts the location of employed residents in each 

of the four income quartiles, \.Je must therefore estímate four sets of nine 

parameters ea eh. The procedures used in producing these est imates were 

.,. 



ciiscussecl in Part 1 of this paper and \.Jill only be mentioned hcre as 

using a gradient search technique with a maximum likelihood criterion. 

We may next discuss our expectations as to the signs of thesc p8rameters. 

The trip function, equation (7), may be considered as being the 

('/ 
The first factor, C .. , is a rneDsure o[ increasing 

~J 
product of two factors. 

r.umbers of residential location opportunities encountered with increasing 

d istance travelled from the workplace in zone j. The second factor, 

e 
6 e .. 

~J 1 
is a measure of peopJ es will ing11ess to make increas ingly long (in 

-4-

time or cost) trips bet\.Je2n work and home. Thus we expect that in virtually 

all cit ies rx > O and R < O. In words. t~1e greater the distan ce tr.avelled 

from place of work, the more residential location opportunities encountered, 

and the longer trye work-tripJ the less wi.ll ing persons will be to make it. 

Further, we expect higher income groups to be more l.Jilling to travel long 

trips than are the lower income groups. Wh U e \'le expect in mos t cases to 

observe a> O and 8 <O, it is possible to obtain other combinations. In 

our empirical work the overwhelming number of cases yielded the expected 

a > O, 8 < O. A few cases turned up (to be described later in this paper) 

where rx < O, F\ '< O and where 01 < O, R > O but 01 >> S. The effects of 

these different combinations of signs on the shape of the trip function 

are shown in Figure l. 

We turn next to the parameters of the three "land 11 variables. All 

three of these variables are expected to have pos itive parametex:s. The 

residential land variable and the vacant land variable are expectcd to 

operate together to d¿scribe the zones~ developrnent potential Bnd to 

adjust: for variations in size of zone. The pen~entage of bui.ldabl<..! .land 

already built on is expected to a1~pl Uy or attenuate the first tHo by 

virtue of its being a surrogate r;,easure of ir:frastructu:;ce ·rlevelor-ment·, 



Figure 1: Alternate Shapes of the Tanner Function 

ff(c .. ) f 
l.J 

~~--~~~~----~~~~ 

a: where Q' > O, 13 < O 

b: where Q' < O, 13 < O 

or Q' < O , f.l > O ; and : 01 \ >> ! 13/ 

c .. 
~] 

c .. 
~J 

5 



Further, we expect these parameters to rangc between 0.0 end 2.0, 

averaging somewhere near 1.0. 

Final ly, we ha ve the four household compos it ion variables. He re 

~6. 

we expect the parameters for like househol~ to like household to be 

significantly greater than those for each household to any other. Further, 

v.•e expect the coefficients' for adjacent housellold quartiles to be g:::-eater 

than those for dissimilar quartiles. Earlier results of wm::k with DRAH 

contain furt~er discussion of these expectations (Putman, !977 and 1977a). 

As the title to this section indicates, vJe are concerned here with data 

sets which \Jere suffíciently complete to 'allow calibration of the full 

DRA!'-1 fonnulation. In such cases parer:;eters were separately esti..matcd 

for en eh of the four emp1 oyed res ident types i. e. by in come quart ile, 

Thus the results described in this section of the paper, being for each 

of the four incáme quartiles for each of eleven metropolitan areas, 

represent forty-four fittir.gs of DRAM to different data sets. 

In Table 1 the values for ct and ~ obtained for each income group 

of employed residents in each metropolitan area are given, The first 

result to notice is that in all c9ses, we get ct >O and S< O, the 

expected result. City-to city differences in the ct values follow no 

apparent pattern, nor do the within-city vadations from income group 

to inc(lrr.C groups. Work is currently underway on attempting to associate 

these p~rameter vari~tions with diffcrences in city sizes, sges~ or general 

patterns of locat ion of the d iffercnt ir.come groups. The within city» 

incot"e group to income group variations in S have no Ct!BO ily cl i:;c~rnable 

pattern cither. The city-to-city variations do however yield ~n intcr­

esting result. The absolute values of B tcnd' lo decrcr:se froró city-to-city~ 

moving frcnn east-to-west scross the cont:ínent. Thc infer:ence to be drawn 

from this i.s that people i:t we$tern '-.':ities 1:1rc more wiJ ling to rnske t:. 
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work-trip of a givcn length than are peo?le in eastern cities, e.g. 

westerncrs are_likely todo more daily travelling than easterners. 

This result is certainly. consistent wHh commonly held ooinion on the . ' 

matter and suggests that there may be much to be learned by our con-

tínuing investigation of city-to-city ar.d incom•~ group to incn.mc group 

variation in these parameters .:lnd the re]ationships of this veriation 

to other measures of the urban areas. 

tn Table 2 the values obta beJ for a, b, and d of equat ion (8) i. e, 

the exponents of the vacent ~uildable lond, one plus thc pcrcentnge of 

developable land dev~loped, and residential land vari~~les, are cabulated. 

We note in T.able 2 slíghtly less uni.fonníty of parameters across citics 

than we found for the distance function variables in Table l. The residential 

land parameter is consistent across all eleven cities. It is pos itive 

as expected and relatively close to 1.00, as expected. The percentage 

of developable dcveJoped ,parameters are, with on)y a few exceptions, also 

\-:ithin the antícipated range of 0.0 ·to 2.0, with most of the values fal,Ung 

between 0.5 and 1.5, as expected, 

The vacant buildable land parameter has not turned out according 

to expectntions. Hltile it is consistent across the data sets in being 

clase to 0,0, it does sho\oJ both positive and negative si'gns ,in dífferent 

cases. There are several possible causes for these results; sorne of 

whicl1 are examined in greater cletail in a later section of !:bis 2aper. 

One possibility is that \Úth thc other two "land 11 variables in thc 

attractiveness measurc, this variable docs not contribute s ignificantly 

to the explanation of variance and thus is not ~tatistically significant. 

Unfortunately there are no signific,ance tests appropriate to mod21:J r."uc:h 

as this, maldng it impossi.blc to .Jv n rigorous test of this hypcthes:í~. 



ATIRACTOR 

~-- AREA LOCATOR VAC. l.AND PER :-;EV. DEV. ! RES. LAND 

r -----------· ---- =-::-:-::_-:.=-=:.:.-::.. ---------- --·-·-------------1 --- - ---- -

1 LMI ' -0.095- -0.146 0.898 
Atlanta LI -0.068 0.093 l 0.817 

) UMI ~:~-0.049 0.300 _ 0.940 
UI -0.01J.. 0.421 . 0.874 

----------+------ --- --
Denver LI 

LMI 
UMI 

UI 

JI 0.056 0.278 1 0.838 
:! 0.062 0.301 1 0.867 
'1 -0.039 0.217 1 0.865 

1 / 
'1 -0.020 0.350 ¡ 0.778 1 ,--·-----: ¡--------------~---- ----

Minneapo1 is LI 
LMI 
UMI 

UI 
,, 
1 

-0.068 
-0.096 
-0.130 
-0 .o 75 

o. 716 
o. 717 
0.531 
1.000 

1 0.693 
O .8l1l 
0.904 
0.'762 l 

¡-----------l--------:----·-!-------~--

1 PhHade1phia LI O .022 l. 390 O. 592 
- ·-; 

1¡-_______ J_· __ ~~-~-¡ -~:~;~ : ~:m u~~ 
· L; ¡~::~: -j!·----_-o·-_-o_3_2--·-;---o-.~---- 1 

Phoen ix 

San Diego 

LMI ,, 1 -0.089 0.016 0.646 ¡ 
UMI 11 -0.069 1 0.154 1 O 578 l 

UI ~! -0.068 ! 0.167 ¡ 0:613 , 
-o-.--3-8-3---.:--o-.-8-4-o ___ .. -¡ 

LI 
LMI 
UMI 

UI 

'1 ,. 
1· •' 

'' 
1 

-0.108 
~0.242 r 0.940 

1 
-0.099 
-o. 065 0.247 r 0.779 
-0.022 1 

11 o. 228 i o. 794 ' 
¡--:------.¡---~----+-----;._-____ _ 

San Francisco LI 
LMI 
UMI 

UI 

•l 
1 

., 
'• 

0.001 
0.030 
0.041 
0.027 

1.240 
1.028 
1.041 
1.109 

o. 774 
0.829 
0.668 
0.630 

¡--------------4---------------------~-------------~~-----------l 
Seatt1e LI 

LMI 
UMI 

UI 

.:o.209 o.410 ; o. 785 1 
-0.166 0.434 l 0.921 
-0.147 0.436 j 0.941 . 
-o . 1 7 s 1 o . 412 - o . 9 59 1 

¡---T-u_1_s_a ______ -l-----L-I---:..,...; ---0-:-;;;--i---·0 .1~~--·~----;~--· 

LMI 1· -0.137 0.165 l 0.533 

Vancouver 

Washington 

UMI ¡: -0.106 1 0.337 1 .0.627 
UI :• -0.039 ¡' 0.337 0.647 

LI • -0.030 0.401 0.568 
LMI 1 -0. 024 O. 780 O. 908 

1 

UMI i -0.039 0.837 j 0.827 
UI j -0.078 O. 748 O. 717 

LI 
LMI 
UMI 

UI 

1 f j -0.088 n.a. ,. 0.495 __ _ 

! -0.123 n.a. 0.468 
1 -0.0li_J6 n,a, 0.444 

¡ -0.015 n.a. 0.311 ¡' 

~----------------~-------~------- ----------~·--------~-



Another possibility is that the great variation in zone size which is 

present in these data sets forces the parameters of these land pAramet_ers 

to actas ad.justers for zone size, rather than indicators of the extent 

to which each of these variebles contributes to zonal attractiveness. 

Resolution of this que~tion is a goal of ongoing research with the model 

and these data sets. 

Finally, in Table 3, the values obtained for q, r, s, and t of 

equation (8) i.e. the exponents of the four incc:me quartiles of 
\ 

employed residents, are tabulated. Referring back to equation (8) we 

-10-

recall that the residentíal attrRctiveness of a spcific zone has two gene·ral 

CQmponents, household compos ition and land measures. The household 

campos it i9n component is represented in ~he fonn of one plus the 

percentage of households, in the zone, in each of the four income quartilcs. 

,These variables act as surrogates for many zone specific attributes. Many 

measures of the socio-economic status of a zone's population will, no 

~oubt, correlate with that zone's population income distribution. So too 

will hóusing quality, educational opportunities (i.e. school system qu~l~ty), 

and the gene;-al attractiveness of the zone from both aesthetic and environ-

mental viewpoints. Here then is a specific place in the model structure 

where the approach is intent ionally "macro" as d istinguished from, say, 

the micro-economic approach which would perhaps attempt to quantify and 

bring other, more specific, attribute variables into the model structure. 

l~rom the point of view of presently practica! forecasting procedures, this 

"macro" approach seems to be much the more sensible line of approach. It 

is more sensible not only in terms of thus avoid ing the d ifficult ies of 

collecting the data for these other variables, but even more ·so in avoid'ing 

the problems of having to update tl1ese variables as part of a recurs ive 

iorccasting process. 



!1 A TI'T'.J\ CTORS 
------l' 

rl 

····-· -·-· l UMI-· -r--;-~- , 1 AREA ¡ LOCATOR :¡ LI L~I - --- ._ .. ____ . --- . -- ---- ---· ---- --------- r-------- ---------- --. ---- ------ - ·--------- .. ... -·¡ ' . -·~ :' 
Atlanta; · 

.. 1 1 
LI 1 3.17 1.23 1 -1.63 ' -2.57 

LMI 
,1 

0.96 3.09 
1 

0.79 
\ 

-1.89 1 

UMI 0.11 0.81 1 3.68 -0.78 ' ' 1 . 
UI 

1 
-0. so 0.31 1 l. 69 2.54 

1 l Denver LI : 3.66 l. 70 -1.05 -l. 58 1 

L~l 
1 

1.12 l. 93 ' 0.63 -1.02 1 
1 UMI -0.04 0.69 l. 63 -0.06 
1 UI -0.25 0.17 0.76 1.13 1 

1 
Hinneapo1 is 1 ¡ LI 3.87 0.59 -2.16 -2.46 

l LHI 1.47 2.12 -1.34 -l. 61 
¡ UMI 0.03 0.38 1.19 -0.64 
¡ 

UI -o. 2s -o. 64 -o. 65 2. 74 
1 

Ph ilade1ph ia 1 LI 3.48 l. 53 0.28 -1.02 ' 

1 
LMI t 1 l. 76 2.96 0.56 -1.02 

1 UMI o. 26 0.97 3.05 0.31 
'1 

1 
UI 0.35 0.83 1.39 1.65 i 

1 

Phoenix 
1 

LI 3.32 l. 54 -1.49 -2.72 
LMI l. 27 3.57 o. 75 -1.74 

' 
UMI 1.27 1.05 4.16 0.44 

UI -o. 78 -0.56 o. 75 1.24 

San Diego LI 3'. 22 l. 27 -0.86 -1.46 
LMI l. 77 3.04 0.57 -1.52 

/\ 
UMI -0.18 0.56 2.57 -0.10 

1 
UI -o. 31 0.49 1.01 2.02 

San Francisco ¡ LI 2.22 1.11 -0.60 -1.72 
LNI 0.83 3.00 0.23 -1.22 
UNI -1.10 1.00 3.05 0.01 
UI 

¡; 
-1.77 -o. 54 1.19 2.26 

Seatt1e LI l. 65 1.13 -0.80 -1.77 
LNI ¡: 1.12 2. 53. 0.98 -0.73 

1 

.ID1I l ~ -0.18 0.54 2.50 1.15 
UI -1.38 -0.51 1.48 3.02 

Tulsa LI i 3.46 1.60 ' -0.23 -3.35 
LMI 

l! 
1.35 3.84 1.10 -1.40 

UMI -0.20 0.91 3. 68 0.99 
UI ¡¡ -0.91 o. 24 1.30 2.43 ., 

Vancouver LI 
1 

.1 ._93 2.96 -1.42 -2.38 
LMI 

1 

0.50 3.08 -0.55 -2.51 
UMI -l. 20 0.86 2.41 -1.13 
UI 1 -l. 62 -0.48 0.11 2.10 

,1 
Washingr.:on LI 1 5.42 2.36 -o. 79 -2.08 

LMI 1 l. 77 4.43 0.24 -1.45 ¡ 
UMI 1 l. 73 3.79 4.85 -0.27 

UI 1 -1.07 0.38 1.89 2.90 
1 -
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In Table 3 the perametcrs associated with the household composition 

variables are shm·m, arrangcd' to shmo1 the importance of each household 

type as an attractor to each household type as a locator. So, for exam 1~le, 

in Hinneapolis for the location of Lower Middle income housF~holds, LmoJer 

income households have an attractiveness parametcr of 1.47 while Uppcr 

income households ha ve a úegative, ~l. 61, attract iveness parameter. In 

each case, a 1ocator in any given income class is most 1 ikely to be 

located w it9 others in its same income class. Looking next at the 

relationship of each income class with other income classes, we find 

1 
further regular.itíes. Lo\ol income locators are most likely to locate, in 

all cities examined, with Lower Middle income households and most 

unl ikely ~o loca te with Upper income households. Lower Hiddle income 

households are most likely to locate with Lower income households and 

they too, are most unlikely to locate \olÍth Upper income households. 

Upper middle income households are most likely, j_n the majority of cases, 

t;o 1 oca te \olith Lower Middle in come households. Upper in come hous eholds 

are most likely to locate with Upper Middle incorne households and most 

unlikely to locate with Lower income households, 

While these regular~tjes are quite in keeping with one 's expectations, 

it is most gratifying to have these expectations met by the resul ts from 

so many different urban area data sets. It may also be interesting to 

speculate as to the city-to-city d ifferences which may be reflected i.n the 

variations in the magnitudes of these parameters. This question is 

currcntly being investigatcd. 



CITY-TO-CITY COMPAlUSm,...;: REDUCED DRAM FORHULATIOl~ 

In addition to the data sets enumerated above, there were 

severa! dat~ sets consisting of somewhat less disaggregated variables, 

We note that the Washington, D,C, data set included in the above 

discussion, while lacking the percentage of developable land devel()ped, 

did have the household incane distribtuion. The data sets to be 

presented here had no data upon which a household disaggregation could 
1 

be based, Further, neither the nineteenth century Philadelphia data 

nor the Izmit, Turkey data had any information on the classes of land 

use within the zones. As it was still desired to explore whether these 

cities could be calibrated, at least in part, a reduced formulation of 

DRAM Has used, The results of parameter estimatirÍg for these data sets 

are shown in Table 4. 

The results for 1850 Philadelphia and 1960 Hazleton, PA are unique 

A'"r'OT'gst all those obta ined to data. Philadelphia in 1850 was a "walking 

city". TherP. was, for all intents and purposes no form of mechanized 

~ --
trahsportation in Philadelphia prior to 1850. The spatial patterns 

of residences and workplaces clearly show virtually no spatial separation 

of thc two. For this data set we obtained Ci = -2.28, and 8 = 0.06, 

sugges t ing a de el ining number of res id en ce opportunit ies w ith increas ing 

travel from the workplace, and a very small proper.sity to travel. This 

latter might be con~idered, within the known range of trip lengths (i.e. 

well under one mile for the bulk of the trips), as an indifference to or 

slight preference for 2 or 3 city block worktrips versus living and 

working in the same location (Putman, 1977a). 

-13-
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r #Zones 

. ~~~~ado Spr:;;;- \j 81 --

\ • r:t t3 ~ Vac. Land 1 P:~~ev. Dev.¡. Res;~, Land \ 
-f=--·--- =-=--- ------ ----':;;.::.=-..:=.::;;;::.-;::-:.....;::.....;;;:;:;~7. ~-=--:-:::-..::-==:-...::-:--:- --i 

1.95' -0.18 C.06 1.57 0.68 ' 
'1 
1 

Hazleton, PA 1; 90 -1.90 ~ 0.15 -0.09 1.00 
- -. ---:-.-- ___ :.=:-=:..:;:: __ ~!j::...-:::::-.-=--===~¡~:.::..:_::.:-1..=-·------- . .:.--- ·-· ---.-! . ----- . - --. 

0.95 

~Philade1nhia 1850 :¡ 105 i -2.28 1 0.06 0.46 ! 
! Philade1phia 1860 ¡1 105 l 3.09 1 -5.05 1 0.89 

! Philade1phia 1870 :! 105 1 1.06 1 -2.77 O. 72 
. : 1 

Philadel phi a 1~80 

Izmit, Turkey 

lOS 

23 

1 1.92 

1 o. 66 
1 

-3.42 0.97 

-0.321 0.82 

--+----'-- - . ..::..:-j 

{

Only total zonal 
area availab!e in 
these·data sets. 



llazleton, PA is a relatively small city with- a populat.:ot: of 

60,00_0 and with a deve1oped area that exten...:s only a few miles in any 

direction. The initia1 1960 Hazleton data set had 108 zones a~d yielded 

estimates of a = -0.30 and S = -1.13, but there were a number of zones 

with zero population and employment. When these zones were deleted, 

the ne\-.1 llaz1eton data set had 90 zones and yielded a= -1.90 and S = 0.15 

thus suggesting that most of the worktrips are so short that Haz1eton 
\ 

either is, or is like, a "walking" city. Further investigation of these 

resu1ts is naw in progress. 

The remainder of the results in this group of data sets correspond 

exactly with the resu1ts from the full data sets · above. It is rather 

reassuring to find that for urban areas as widely separated in time 

and space as Philadelphia in 1860 and Izmit in 1960, the trip function 

parame ters of DRAH behave as expected. Further we note tha t the change 

in shape of the trip function from 1850 to 1860 in Philade1phia corres-

ponds quite well \-Jith rjstorical accounts of the development of the 

city (Putman, 1977a). 

EFFECTS OF SPATIAL AGGREGATION 

It was sometimes hypothesized, in early urban simulation model 

studies} that one might safely estjmate the parameters of a model for a 

particular urban area at one level of spatial detail and subsequently 

use those same parameters in the model to make forecasts fpr that urban 

area at sorne other level of spatial detail. We have never held this 

-i5-

opinion. \ole expect parameters for a particular model to exhibit consistent 



patterns of signs and sorne consistency asto magnitude from one urban 

data set to another. We do not expect the va1ues of the parameters to 

be equa1 either across urban areas, or wilhin a given urban arPa at 

differing 1evels of spatia1 detail. 

The San Francisco data set was available at three different 

1evels of detail, 291 zones, 98 zones, ancl 30 zones. DRAN parameters 

were estimated fr~n each of these data sets, and yieldcd thc results 

shown in Teble S. 

These results clearly Lllustrace two major points. First, all 

the patterns (i.e. signs and rc1ative magnitudes within data sets) 

are cons istent wüh the results presented above, thus further empha­

sü5.ng the· genera1ity and robustness of the model. Second, there is 

no immed iately obvious rationale for the changes in parameters from 

on 1evel of areal detail to another. Again we are forced, for the 

present, to call thjs a matter ·for further research. 

For readers of the original DRAH article (Putman, 1977) an 

error must be called to their attention. Early \oJOrk with the 

San Francisco data at the highly aggregated 30 zone 1eve1 of deta il 

gave both a< O and B <O, yie1ding the exponentia1 decay function of 

Figure l.b above. It was thought probable that at the 30 zone 1cve1 

the average zone-to-zone lrave1 time was great enough for the peaked 

portian of the curve shown i~ Figure l.a to be obscured. In fact the 

sverage zone-Lo-zone travel time to adjacent zones is 3 minutes i.n the 

291 zone system. This increases to 8 minutes for the JO zone system-. 

The previously published va1ues of a and 8 for the 30 zone San Francisco 

data \.Jere as follmvs: 

-1 (¡ 



1 ---- ----------
Variable 

a c .. 
~J 

exp (Se . .) 
~J 

Vac. Land 

Per. Dev. Dev. 

Res. Land 

Low Inc. 

Low M id. In e. 

Upper Mid. Inc. 

Upper Inc. 

------·-------- --------- -------- - -- - ¡ 

~3o :QW =-~:e~~;~ ;e J .... 3~~~w . =~~,-, .-~ A . e jo C~PER~:~u~;;~~ -~---;~~:PER 9:N:OMEm z 
~---~~-~~----~~~~- --1 ~~ --2.-;: . o.;~ -r-~~94 2. ~~ -·o .'n i -· ~- ;~ -2. ¡o - o~~~--
1 1 

! 
-0.68 1 

1 0.05 

-o. 28 -0.45 

0.05 0.00 

-o .58 

0.06 

-0.38 -o. 26 

o .14 0.03 

-0.40 -0.25 -0.46 

0.14 0.04 0.06 

-0.28 -0.55 -o .31 

-0.02 0.12 0.03 

11 0.49 1.32 l. 24 0.46 1.32 1.03 0.51 1.32 1.04 o. 68 1.63 1.11 

0.49 0.39 0.77 0.46 0.40 0.83 0.50 0.42 0.67 0.55 0.27 0.63 

3.37 2.54 2.?2 0.67 1.20 1.11 -1.80 0.47 -0.60 -2.04 -0.23 ·-1.72 

0.73 l. 20 o .83 3.19 2.57 3.00 0.18 0.50 0.23 ¡ -1.98 -0.21- 0.01 

-1.39 -1.77 

-0.78 

0.50 

-o. 21 -1.1o 0.58 

o. 63 

0.51 1.00 

-0.53 -0.54 

2.10 2.51 3.05 

-0.30 1.53 1.19 l :::: ___ ::~; _;~:: 

1 
...... ......, 



LI 

Of -2.06 

-0.57 

LMI 

-1.75 

-0.72 

mn 
-1.76 

-o. 76 

UI 

-1.64 

-0.48 

Our more recent work \.Jith this data set, in revised form, 

yi.elds the results shown in Table 5 which confirm to the init ial 

hypotlleses regardíng the signs of Q' and e, but initiate cur earlier 

hypolhesís concerning possíble changes in the shape -of the trip function 

with changes'in the zona system used for analysis. 

SIGNIFICANCE OF VARIABLES 

Nodels of economl.c and/or social processes have traditional1y 

used multíple regression tcchniques to estímate equation parameters. 

It is not possible to linearíze_the formulation of DRAM so that its 

parametet·s mi ght be est ünated by these teclmiques. · The search technique 

used to estímate the DRAM parameters are no more dífficult, theoretically 

or pract1cally, tban standard regression procedures. There are, hawever, 

t\vO important difficulties with the use of these nun-standard estirnation 

-procedures. First, there is no way to test the statistical significance 

of parameters estimated in thís way, as their distributional properties 

are nnkn::>wn. Second, no useful comparison can be made of the values of 

the likelihood criterion achi_eved w.ith one data set to the values 

achieved wíth another. 

Taking the second problem first, we recall that the likelihood 

criteríon is used in parameter estimation for DRAN because it is a mort· 

sharply peaked curve near the optimum than 
2 

is the R curve. In the 

') 

work done to dnte the value of R~ has been ca]cu]ated in every case, but 
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not usecl as the criterion of best fit. Consequently, for comparison 

2 
purposes we are ab1e to report the va1ues of R shown in Tab1e 6. 

These resu1ts are given a1ong with two caveats. First, it 111ust be 

noted that the best fit parameters based on the like1ihood criterion 

are not necessari1y the best fit parameters which wou1d be derived 

using the R
2 

criterion. We have observed severa1 instances where 

improvcments in the 1 ikel ihood criterion were accompanied by wors en ing 

2 
R va1ues. The second caveat is more of a reminder that these resu1ts 

are .based on unadjusted use of the data bases as supplied to us by 

various agencies. The use of locally. informed persons to modify the 

raw data files and "fine-tune" the parameter estimates would no doubt 

improve the results. Despite these two caveats, these resu1ts, for such 

a variety of urban areas, are quite a satisfactory beginning. 

Befare returning to the question of significance of parameters, 

we wish to note that there has been sorne exploration done into a 

1 ikel ihood related meas u re wh ich could be used to compare the resul ts 

from one data set to those from another. The problem may be i1lustrated 

by assuming that for the Low Income sector in City A the best fit va1ue 

oÍ the 1ike1ihood criterion is -3,540, whi1e for Low Income City B a 

va~ue of -14,332 is obtained for the best fit. 
2 

The R cou1d wel1 be 

O. 75 for City A and 0.85 for City B. These resu1ts might be cons idered 

to be contrary, confusing, or both. We aré presently exp1oring the 

properties of what might be termed a best/worst 1ike1ihood achieveruent 

ratio. 
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1 

Philadelph ia 

· ~hoenix 

San Diego 

Sa11 Francü;co · 

Seattle 

Tulsa 

Vancouver 

¡ Washington, D.C. 

4------
1 
1 Colorado Springs 

Haz1eton 

Phílade1phia 1850 

Philadelphia 1860 

Philadelph ia 18 70 

Phi1adelphia 1880 

\ ~ ., 

1• 
·J 
.¡ 

1 
1 

:o 
' 

,. ., 
,¡ 

1 

:! 
1• 

'i 11 
¡1 
)1 
11 
1' :; 
1 

i! 
i! 
11 

1 
1 

1 

0.806 

0.614 

o. 732 

0.767 

o. 795 

o. 772 

0.605 

0,868 

0.557 

0.817 

o. 732 

0.730 

1' 

Izmit, Tu_r_k~e-y __ ___,_.¡j -------
o. 711 

0.830 

0.612 

0.837 

0.600 

o. 712 

o. 713 

J 

1 

l 
1 

0.824 

0.693 

0.816 

0.574 

0.887 

0.594 
' . 
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0.867 

0.693 

. o. 651, 

0.830 

0. 1684 

0.862" 

0 .. 687 

0.847 

0.442 

------------------~------.----



The notion of this ratio is to measure the improvcment that 

the best fit parameters, according toa likelihood criterion, provide 

above sorne base level "worst fit" parameters. While there are numerous 

concepts of worst fit, one \vhich is computationally attractive is the 

equiprobable location fit. This says, that all zones are equally 

probable locations for residents and thus the region's residents are 

distributed equally to all zones. The best/worst achievement ratio 

' 1 
is merely a measure of the extent to which the best fit parameters are 

an improvement over a uniform d is tr ibut ion assumpt ion. 

Now, we return to the que!::tion of the statistical significance 
\. 

of the best fit parameters. In a multiple regression problem it is 

possible to calculate a standard error of each parameter (coefficient) 

and use a t-table of F-table to test the hypothesis that the giv~n 

value of the coefficient could be due to chance even though the 

"populat i.on" value of the coefficient was zero. It is on th is bas is that 

the automatic inclusion and deletion of variables in stepwise multiple 

regress ion programs are performed. Unfortunately none of th is has any 

meaning in the search procedures used for models such as DRAM. 

As a small beginning towards understand il~g the s ignificance of 

vaiiables and their parameters in DRAM, an extenslve set of calibrations 

was run. In these runs, utilizing Upper Income hcuseholds from the 

Minneapolis data set, various combinations of variables were tested. 

These results are presented in Table 7. 

First n~te that the results in Table 7 are grouped. The first 

two columns cover changes in the household (etnployed res ident) variables. 

The second group shows chang~s in the land variables,· wh ile the last 
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Table 7 : DRAM Cal ibrations, Co:cbinations of Variables, :1inneapolis 

Upper Inccr.ne Houscho1ds - 1970 

Variable 11_ Ho~::::;-Test~ Land Variable Tests--=~ ·Distance Tests 

r\
1 1

¡. - 2.155 2.217 11 -0.933 -0.458 r:~234 T-::~ ¡-:.- -0.21 

--~=p3Dij ---rl.282 -~ -0.876 _-1.5~~~859 J -0.573 
1
--* ------~~-

--~~~é;s, L;T~d lf-O~~;- r---;;1_9_ * -~~ ___ [-;;~ 1 * ~~~j O. 15 

·-;~ercent Dev. T0.%6 0.987 * * * 1 1_-_Sl~ 11. 1.636 ~~ 

ll All 1 

- ~ 2 * 1.906 
---- ---

-0.200 -0.887 ~ 

'3·1 c. 724 0.697 1 

o .1 1.581 1.802 ---. 1 

1 6 1 -0.041 -0.017 
1 ~-~.c.Land 1' -0.029 1 -0.061- * . 0.073 * I * ~~~ -0.07 

";MI t~:--~--~2--[;:::: :::::~[~:::::1 ~::::;-~:~ 1 .90 
1
¡ __ j • 

____ ,__ 

6 -o. 546 -0.2!.5 

4 -0 1 -0.643 

UHI 0.423 
-- ~---... --

T~ 
--~---

:~-~2--~~----r--~:~;---T~~~~~~---r·-0.5~ ___ 0.530 _ ·¡ 0.819 -[_ o.i~~[o.snJ -~~~~~1 0.;6-;T--~8-59-

1 ;.;ayJ. ±'1 -16382, Í -91~[ -31669. 1 -30923. -1164":_- _ -29420. !1·8543 1--8012. -~54. j __ -7976. 

¡_ · Des t¡"l; ors t . 9 7 2l . 9845 1 . 94 61 1 . 94 ]!, • 9802 . 949 9 'L98=--l . ~S64 L . 985"_L . ~8_6_4 ___ 

1 
N 
..,; 
1 



group shows changes 1n the distance or trip function. The last 

coiu~n: in the table gives the results with all variables included, 

as were reported above. 

The· most obvious conclus ion is tha't s igns and values of the 

model 1 s parameters do change with the inclusion or exclusion of 

different variables., The question, of course, is whether these changes 

are important. The R
2 

values are especially useless here as they 

actuaJJy run contrary to the likelihood criterion. 
2 

Thus the R for 

11All 11 variables is less than that for severa! of the partial variable 

sets, even though the best (maximum) value of the 1 ikelihood criterion 

is achieved when all variables are included. For comparison purposes, 

the best/worst achievement ratio is given in the last row of the tabl~. 

Note that the unifonn distribution value of -587,653 for the likelihood 

criterion was calculated. Many of these values are rather close to one 

another. This may mean that the measure does not discriminate well, or 

t~at there isn•t much difference in the model fits for certain of the 

variable combinations. 

All this again raises the question of what sorts of colinearities 

may exist between these variables? For the present we really don•t know. 

There clearly are sorne problems which need to be resolved he're. This, 

like severa! of the questions raised above, only serves to point out 

where work needs to be done>rather than to the problem•s solution, 

SUNMARY 

This second of two papers has presented the results of applying 

the techniques described in the first paper to a number of different 
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data sets. The conclusions may be simply stated. 

a) There is eveidence, in the form of theoretically 

b) 

cons.istent parameter estimates over a wide variety 

of city types, to suggest that DRAM and similar 

models offer a robust and reliable macro dcscriptivc 

model of urban residential location. 

The 'level of zonal aggregation or disaggregation 
1 

of a data set does affect the parameter values 

of a model estimated from the data sets. There is 

inadequate evidence to suggest exactly how Uds works. 

e) •Thcre are several unresolved questions, \Jhen using 

grad ient search techniques for parameter es timat ion of 

these models, as to statistical significance of 

parameter values, and measures of goodness of fit 

which allmJ proper comparison of one set of parameter 

results to another. 
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PUTMAN S. H. (1970) Devclopmg and testmg an intra-regional model, Re,~. 
Studu·~ 4, 4}3--490. As part of rhc evaluat10n of che cconOJmc unpact of alcematlve 
tramporr syHems proposcd for rhe Northtasr Con1dor rcg10n of rhe Un!<ed St.lt\'s 
lt w.ts neccssary to devdop a modl'l to forcca~t rhese 1mpacts. 

Thc model descnbed herc was dcvcloped by mtcgrarmg pomons of thc concepts 
of economJc-b.tsc, mtcrs<'ttoral mpur-omput, and ~p:ltl.t! :Kn:~~~bd1ry. Forecasts 
are dcv.:lopcd, by rhe modcl, of employm~nt (by ten sccrors), populat1on, pers011JI 
utcomc (by SIX cbsse~). land v.~luc, and land use, for 131 county-s1zcd :treas. 

Thc rhcoreuco~l dcvelopmcnt, paramcu;r c~nm~twn, and somc testmg, of the 
modcl are dcscnbcd, and dlrcct!OIIS for futurc work are suggcsred. 

Norrhcast Corndor of rhe U.S. 
Mulople rcgrcssJOn/corrclauon 
Vahd.ltJon .md rcsrmg of modcls 

Spat1:d accesslbihty 
Inrer-scctor~ 1 flows 

Transpon sensitiVlty 
Sol u non of modcl 

l. INTRODUCTION 

As AN mtegral pan of the U.S. Department of 
Transport;ltlon's stucly of alternative transporta­
tton propmals for thc Northeast Corndor of the 
Unaed Statcs .lll extcnstvc senes of stu(hes of 
cconomic tmpacrs w.1s unclcrtaken (CONSAD 
1967, 1968, 1969a, 1969b, 1970). The purpose of 
tltcsc stud1es was ro lcnd a furthcr duucnston to 
rhc e val uatton of rhc rransportatton altcmattvcs 
by mcludmg m thc cvaluation consicleranon of 
cconomtc eflccts which mtght be mduced by ncw 
or .1ltcred transpon systcms. 

lnmally an mterrelated ser of tl1ree models was 
proposcd ro forccasr rhcsc induced effccts. Thc 
tirst moJel w;.s J large-scale (t.e., the whole 
rcg10n considcrcd as dtvtcled into tluee sub-arcas) 
cconotnctric mockl (Cnow, 1969). The second 
modcl whích w:1s to be 111 the systcm. was an 
ttHcr-rcgional 111 put-output modcl, bJsed u pon 
thc L<.'onttef-Strout formulatiOn (LEONTIEF ancl 
S1nou r, 1'J63). Tl11s modd was ro capture in ter-

* Rc~c.trch lnvesugator-The p1 lllClp:!l devclnpmcnt oí 
t!IJS mndc! w.t> .tcc.onipiJ~Iwd br rhe aurlwr wh1lc- managmg 
Comr.tct No C-!01-66 (Nt:g) fu:m thc U.S lkpartment 
ofTr.tmport.ltlOil to CON5AI) Resca:ch C'o1pora[J(Jil 

sectoral relationships and operare at a somcwhat 
more detailed leve! ofareal detall, the reg1on herc 
bcmg considered as d:v1dcd mto ten sub-arcas 
(CONSAD, 1968, 1969a). The final model m thc 
systcm was an intra-rcgtonal location model 
which was to capture mtcr-:uea rc!ationslllp': at 
an cvcn more detatlcd areal leve!, thc rcgion herc 
bemg consJdered as dJv~Lied into 131 sub-arcas thc 
me of comttJe~ (GLANCY, 1965; PuTMAN, i%7a). 

While che conceptual interrebtionslups of rhc 
proposed system of modeb wcrc rathcr complcx, 
rhcy werc opcrat10nally stratghrfonv:Jrd. The 
forecasts from thc cconomctnc modcl bccamc 
thc predcternuncd con trol-tocals for thc illier­
rcgiOnalmput-output model. Simdarly the f~lrc­
casts from the mput-output modcl bccamc che 
coutrol-totals for the mtra-rcgiOnal !ocatton 
tnodel. 

Aftcr. considerable invesnganon of the modd§ 
and thcir mterrclattonsh1ps tt was cktcrmmcd that 
thc mput-output modcl's contnbutton to thc 
~ystcm was, at bcst, margmal. Conscgucntly thc 
:ntcr-regtonal mput-output modcl •.vas delc.:tcd! 
'i o m thc model sy~tenL Thus thc forecasrs from 
-!¡e cconomctnc modcl bccJt~;.c thc pr•:llcr.-c-

' 1 l .. ¡ • 1 1 "1111Cll C':llttro.-rota s toe tnt mtt:t-regiotla IOCJ-. 
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t1on modc!. TlllS papcr 1s spcclflcally devotcd to 

descnbmg the Jevclopment and testmg of the 
mtra-rcgiOnal locatJon model called INTRA-I. 

11. THE BASIC STRUCTURE OF 
THE MODEL 

The speCific purpose of tlm model is to forecast 
the response of thc ~paual chstnbuuon of economic 
ancl dcmograph1c act1v1ty in a rcg10n to changes 
m m tra-reg10nal transpon facd 1ties. Tlm m o del 
propases to ach1cve that goal by first producmg 
mdepcndcnt forccasts of tlus response and then 
subjcct111g thc sums of thesc to constramts un­
posed by the forccasts of the Crow economctric 
modcl. Levcls of econom1c activity wdl be 
nieasured by employmcnt lcvels and personal 
incomc, whdc dcmographic activity wdl be 
mcasurcd by sub-arca rcsident population levels. 
~he structure of tlllS model rcprescnts an 

attcmpt to draw together, w1thm practJcal 
IIrnltS, aspects of econonuc-base-stndy modcls, 
sectoral mp~It-output rclatiOnships, and the 

Data 

mputs 

I
Regwnal 

1 

control 

total 
1 
J forecasts 

Transport 

network 

forecasts 

1 

1 

'' 

concept of acceSSibdity. To .t ccrtJIIl cxtcnt th1s 
attcmpt was successful, though furthcr work, a~ 
sha 11 beco me clear la ter m ti liS art1cle, remams to 
be done. 

Bmlding first upon the economic-base con­
cep~s (IsARD, 1970; LANE, 1966; NOURSE, 1968; 
ULLMAN and DACEY, 1960), the modcl structure 
d1scnminares betwecn two principal classes of 
employment. Those types of cmployment wluch 
are pnmarily local populauon-servmg, c.g. 
sc.:rv1ces or retad trade, are COJlSldcrcd as non­
basic. Those types of cmployment which pnmanl y 
serve othcr mdustncs, both local and non-local, 
c.g. mmmg or nunufactunng, are COJJSldcrc.:d as 
bas1c. An mtcgral part of. the structure of t!llS 
modcl JS the snnplifymg assunipt1on that therc 1s 
suffiCie11t tune lag m thc rc,d-world dynam1cs to 
allow 11011-snnultaneous com1derat1on of the 
basic employme11t l'is-a-t,is populauon and non­
basJc employmcnt m thc model. lt 1s not now 
clear exactly how damagmg t!llS assumpt1on may 
be, though othcr work (PuTMAN, 1969; CON­
SAD, 1970) mchcates that mcreased explana non of 

Basic 

..----;,; employmcnt 

forecasts 

Po pula non 
l-----4i 

forecasts 

Non-bas1c 

1-----~ cmployment r-­

forccasts 

! 
1 

/Personal 

t----~ mcome 

forecasts 

'-----~ Land usefvalue 

forecasts 

Ftg. 1. Overa/1 JNTRA-l model stmaure. 



Developi11g and Tcsting cm lntra-·Rt:gional Modr:l 475 

v.mancc may bo.: obtamcd from ;¡more sorhisi:l­
C.Itl'd SIJlJUltancom cquatJon fon.wlauon (at 
~.-unsidcrably mcrcascd computcr cost). Fnrthcr, 
re IS as~cncd rhat any lag whtch may ex1st 111 the 
mterrclarJOnship berwe~n population and popu­
lation-scrvmg cmployment JS short enough to 
allow che:r SJmultai~cous comideratton. Personal 
u.come should, 111 thcory, be inch:ded m chis 
,;n}tilt::tneous portian of the moctel; but, due w 
:1ntic1pare-d chf1i,ulty of forecastmg lt, plm the 
mnseyuent l1kcly umc:+abt1Ity of tl~e for.:casts, ir 
was kcpt as a scparace component of thc model. 
flllally, It ~l10uld be notcd that s1gmficanc con­
sidcratton was gtven to l1kely data source~ :md the 
con,tr:wm rhcreby1 imposed durmg che pre­
l!nll!lar:,· d~·ve!opm::nc of this structure. 1 he 
bJ~lL modcl structurc 1s ~hown m Fig. 1. 

IH. THJ2 BA~5IC-EMPLOYM.Er-n' 
EQUATiONS 

Thc- (ollowmg fot.r types of employment com­
pnsc the ba~1c-employment class m the modcl: 
(a) A gncul ture: Forestry, and F1~henes; (b) 
!Vll!llllg. (e) Manufacturmg; and (d) 1bnsport;!­
uon, Cnmmunrcar:on, and PuGlic Uuhues. 
1\ Jllorc detailc:d descriprion of thc industries in­
cludeJ m thcsc rypes may be fouud in thc docu­
mem from whKh the data wcrc obtamcd (U.S. 

________ JJ<o'-p?rH-rt1c 11 t~ t~Gommercc-;---1960-;1 <J65). 
In cach sub-are.t che levcl of cach typc of bas1c 

c:mploymcnt 1s postu!atcd to be a function of: 
(J) the ~p.llla] d JStributiOIJ of the suppltcrs of its 
Input~; (2) che spat1:1l d1stnbunon o[ the con­
mmers (markcts) for its outputs; (3) the extsting 
pattcrn of Plter-mdusrry relatwnshtps; (4) the 
e:\Jsnng pattcrn of transport f:1ctlities; (S) the lcvel 
of that rype of employmcnt 111 that area m the 
pnor tune peuod; (6) the total of all types of 
cmplnymrnt m th:Jt arca 111 thc prior time 
penad, ancl (7) gros; populatJOn denstty in that 
.uea 111 tltc pnor nmc penad (GREI:NHUT, 1956; 
H.\RRt~. 1954; HoovE 1<, 1948, 1967; HAMBURG 

ami L.HIIHOI', !965; TuoMAS, 1969). Tht: first 
four of tht·sc f:Jctors are mcasures of thc abday oC 
a g1vcn Industry m a g1ven arca to obtam Its 
rcqurrcd lllputs and ~el! tcs outputs. Thc fifth 
van:1blc rc.:prc~cnts tht: o:)t2lllJilg s;tuatlon w1th 
regare! to that typt: of mdustry i~1 ¡he gtvcn area 
• 111c! :JS such rcprc~CIES the culmmatton of many 
phcnomc1u wl11ch produced that ~ituatJOtl. The 
1 ,tSt t wo nri.1 ~les Jrc mcasur:::s of the arc.1 itself; 
¡· g. ,1 LCIIter of employmcnt, or not; a residen na! 
nr non-rc~Jdcntial arc.:::t. 

Thc cor1ccpt~ of JcccssJbdtty ancimter-secror.ll 
f1,1\VS WCfC !11C!Lidcd lll tWO :tCCCSSJbJ!ny measurcs 
whJCh wcrc thcn ckvclopcd. Thc first wa~ a 
mca~urc o( .JCCl'~$JbJl!ty to mpnts (~uppla:n). Tll!S 

is oc rhe form: 

wherc: 

.lif.o,'•-t 

nj 
z,,j,r-J 

(i) 

a measure of the accesstbdity at tJ:¡tt: 

t-1 of uea i to mputs reqnirc¿ ;y 
indumy g 
amount of employment m ;~.d~;~·',')' 
h m area j at time t- í 
producnvity ratio (outpm/c>.'!-­
ployce) for mdustry h. (i~eally this 
would be arc3 and tmH: spcCJfH:, bm 
such data are unavadablc. NJtJOnal 
fignre3 are uscd in thc modcl.) 
m put-output cocflicg:nt-the num­
ber of umts of inputs from sccto; h 
reqUJrcd m the prodoction of on~ 
un1t of ourput from sector .~ 
(O.B.E., 1965) 

= fre1ght "llnpc-dance" bctwecn arcas 
1 and j at time t-1. (ld~!?.Ey this 
would be co<!unod1ty (sectorl 
spec1fic, but such data .tre Ull­

avatlable.) 

The numerator ofthis term can be secn ro com1st 
of the magnitudc of supply of potencial mputs 
(Pn r.1 • 1,, r- 1) ava1lable 111 arca j ttmes the rclatlVC 
"importancc"-:-by sector, a.hu: of those mputs to 
sector g's productJon.' The dcnommaro·r Js a 
measure of the dttficulty of obtamlllg thosc 111~ 
puts. Note tlut pnce of inputs at thc1r suurce IS 
•ssumed constant, though 1f such data wcrc 
.tvadabic, che mcasure could be moditicd to •n­
dude tl11s such that an incrcase m pnce woultt 
re~ult m a decrcasc ill accessibJ!Jty. 

The sccond acces~1btlity mca~ure 1s a measure­
of markct access. Tll!S 1s of a similar form: 

A m = ,r:E (a.uhPh EJ,h,• -1)1 
l,g,t-1 L.l-"-h--,----

1 L z{
1 

•• - ;---J (2). 

Thc ddfercncc bctwecn (1) and (2) can be >ce'l 
to be the use of a.

9
h 111 thc lattcr, reprcsentmg thc 

numbcr of unas of output from sector-~ uscli a~ 
mput by sector h to produce onc unit of output 
from sector h. Thus thc numcrator of (2) can b(;' 
sccn to be a mea~urc of potenti:Jl demand fut d1e 
ourput~ of sector g . 

Thc freight unpedance term Z[,j.r- 1 1s 
actually a composite of severa! transpon taCibc) 
vanables. It is 

whcre: 

/h .• -1 mudc-spht proport1on rcprc:stt!tlng 
the pcrcemagc of frc1ght shippcd 
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c~.;.r-1 

Tk 
',1 ,r- 1 

v1,1 mode k at tllne t- 1 (Ideally 
rlm ,lJould be both sector speClfic 
.tnd '--.J p.m ~pectfic; however, such 
d.na were unavat!abk.) 
cost-per-umt to sl11p from arca i to 
atea j v1a mode k at t11ne t- 1. 
(Clcarly tlm, too, should be sector 
:'tnd 1-/ pa1r speCJftc.) 
time to sh1p from arca i to arca} via 
modc k at tune t- 1 (wh1ch should 
also be sector and i-j pair spcCJfic). 
unpl1cn dollar value per Ulllt tune 
on m o de k ( wluch should be 
sector spcc1fic) 

~·hus rhc lli1J•'-d.tncc vanable used 1s a somc­
w ha t e rude representa t1011 of che "cose" (both 
our-nf-pocket and nnpl1c1t) of slupp1ng. TlllS 1s 
011c of thc lc.tst accur.1te vanablcs 111 rhe analym 
and cle:uly calls for further ,111alym at such tlnH: 
rhat beuer d.H.l becomc avad.tblc. Altcrn,ltlvc 
formul.wom of rhc 1mpedance vanable wcre 
tcsrcd (CONSAD, 19W.t, 1969b) ami rcjectcd. 
Thc~c acc'ess1bd1ty mcasures and thc othcr 

v.tn.1blcs wcrc comÍ)Jned lll a !mear functJon as 
bclow: 

T' +u~ E,,,_ 1 + a 5 ( P,,1_ 1/L,) + a6 

whcrc: 

c. l,fl,l cmploymcnt of mdustnal sector.~ 
in arca r at time t 

.A:,g,r-l a mcasure of che acceSSJbdity at 
ti me r- 1 of arca i to 111 puts re­
C]LIIrcd by mdustry ,f; 

P,,,_, 

L, 

a measure of thc acccSSJbJhty at 
tune t- 1 of arca i to markets wh1ch 
comumc the outputs of mdustry .~ 
total cmploymcnt mmus mdustry .f! 
cmploymcnt at tune t-1 111 arca i 
popul.won rcs1dmg in arca i at tune 
f- 1 
land arca of arca i 

Thc rcsults of thcse estima tes werc as folle ws, 
usmg a ~mglc-ec¡uatJon least sc¡uarcs regrcss1on 
proced u re: 

lndusrry Sector 1: Agnculture, Forcstry, F1shenes 

E,,,,,= -0 0269 A:, 1,,_ 1 +0·0347 A~ 1 ,,_ 1 
( -4 80) (4 96) 

+ 1 0024 E,,r,r-t +0·0003 E,',;_ 1 

(30· 38) (3· 56) 
-0·0134 (P,,,_ r/L,)-26·739 
(- 5 83) 

r2 = 0·9219 F = 295·2 

l11dusrry ~ector 2: Mmmg 

E,,2,, =O OL 18 A:,2.r-r -0 01 S4 A:~2.r _, 
(3.36) (-36X) 

+0 8717 E,,2,r-t +0 00005 E,;,-l 
(12·45) (0·31) 

+ 0·0111 (P,,,_ rfL,) + 1 0·504 
(2·77) 

r' = 0·7358 F = 69·6 

Industry Sector 4: Manufactunng 

E,,4,r = -0·1090A:,4,r-L +0·1501 A~4 ,r-1 
( -0·11) (0·16) 

+0·9187 E,,4,,_ 1 +0 0294 E~;_, 
( 45·94) t2·67) 

-0 4546(P,,,_tfL.)-5147·0 
(- 3 24) 

r 2 = 0·9930 F = 3534·7 

lndustry Sector 5: Transportatlon, Communica­
tlon, Pubhc Unlines 

E,,s,t = -0·0340A:.s,r-r +0·0491 A~s.r-r 
(-0 17) (031) 

+ 0·6855 E,, 5 ,1 _ 1 + 0·0 132 E~;_ 1 

(7·88) (2 20) 

+0·1744(P,,,-tfL,)-177l·2 
(2·23) 

r2 = 0·9706 F = 824·7 

lt shoulcl be notccl that thc numbers m paren­
thcses beneath the regrcss1on coefficients are 
calculanons o[ the t-stansnc. For these estllnatcs, 
whcre 11= 131, a valuc of t> 2·34 nnphcs s1gn1ti­
cancc at thc 1 pcr ccnt leve! or better, wl11lc 
t> 1·65 imphes s1gmficance at the 5 per cent 
leve!. Thc r2 value g1ven 111 cach case is the 
cocfficicnt of detcrmmation for the rcgreSSion 
ec¡uatwn, and the F valuc 1s calculatcd for the 
ratio of cxplamed-to-unexplaJncd vanance whcrc 
for thesc data, F> 4·6 nnpl1cs ~1g111ficancc at the 
0·1 pcr cent leve! or bcttcr. 

For a!l of thcse Jnclustnal scctors thc correlauon 
betwecn enher of thc acce~s vana blc~ and thc 
dcpendcnt vanablcs 1s po~1t1vc. Funher, enher of 
thcse varia bies, rcgrcs~ed ,1~.1 1mt rhe dependen t 
vanable, 1s st:ltlstlcally s1gnlficant at thc 1 pcr 
ccnt leve!. Whcn both access vanable~ .ne forccd 
to cnter the estJmatlllg cquanon, one of them 
always takes a ncganve coeffinent and, for 
Scctors 4 and 5, both of them beco me statlstJcall y 
not sJglllficant. One explanat1on for thc s1gn-. 
changmg bchavior IS thc appearance of what 1s 
called the "suppressant vanable" phenomenon 
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: 1'1 1 F.ns :llld SuMMEns, 1968). This concept asserts 
'•',tt thcrc ts snmc aspcct (compcn~nt) of the 
V.lrtanon, 111 tl11s cJsc, m .1:1:.9 •1 - 1 , for cxamplc, 
wluch ts not prescnt 111 E,,9 , 1• When A'7,9 , 1- 1 

cnters the rcgresswn equanon w1th a negauve 
coefficien t, 1t 1s cffcctively subtractmg out this 
1.mdcsired component of va!lation. Often, when 
clns phcnomenon occurs, both vanablcs rctam 
thc1r statlstJcal s1gmficance. Another poSS!ble 
c.\u~e of tlm s1gn-changmg bcha'(IOr !S thc 
¡·~c-<cncc of ·~xtremc multlcollme:mty bccwcen 
th·; two acccss vaflables (jol-fNSTON, 1963). In thts 
•::be rhe .:-ommon vanatton of the t\v'O v.¡n,lbks 
1~ ~o htgh as to rcndcr rhcm both, wi1e11 both are 
f()rCell ,. to cntcr thc regrcmon ct}Uatton, not 
HJtlsttcally slglllficanc, thus making thc cocffi­
cicllt~ csscntd!y mcanmgl.:s~ m any case. This 
app'car., to be the ~ituatton found in Scctors 
,¡ and S. 

When Sect0r 4, Manufacturing, 1s re--esti­
mated IN!th o1dy onc of the ac.cc-ss v,mab!es, the 
St'pply acces~Jbthty vanab!c appears mmc s¡gmfi­
Clllt, thc rc~uiru1g estimatcd Ct}Ual!OII bcmg: 

E,.4,r =- 0·03G3 A: .. 1,:-t + 0·9197 E,,4,r- 1 

(3 35) (49·52) 

+ 0·02í5í5 E{;_ 1 -0·4506(P,,,_ 1fL¡)-- 5354·5 
(266) (-3·23) 

r2 = 0·9930 F = 4452·7 

ft 1s worlh notmg that only the coefficient of 
thc supply acccsstbd1ty shows any subsrannal 
Lhangc from the prcvwus estunat1on of the 
ClJU.ltJOII, thus mdJCatmg that the multJ­
collmcanty problem 1s confincd to the two 
accc~·.Jbtltty v.mablcs 

\Vhc'l Sector 5, TramportJtlon ct al, 1s re­
cstim.ncd wllh only OllC of thc acccos v,mablcs, 
thc nrarket Jcccsstbdny variable appears most 
~Jgmf1cant, thc resulnng cstunatcd eguation be­
mg 

E,,s,r + 0·0179 A:':s.r-l + 0·6862 E,,s,:- 1 

( 1 90) (7·97) 

+ 0·0131 ET,;_ 1 + O·l760(P¡,1 _ 1fL,)- 16!:-i7·4 
(2 15) (2·28) 

r 2 = 0·9706 F = 1038·8 

,<\.g.ltll tt c:m be sccn th.1t only the cocfficlcnt of 
thc acccss vauable shows any subHant1.1l changc 
frotll the prcv1ous c~tunanon of thc cquJtiO,l. 
Thc cmnpkte cc¡uatton~ (Le. borh accc~s vanablt>s 
111cludcd) wcrc usccl 111 thc modcl runs dcscnbcd 
bclow. Furrhcr rcsc:1rch cffort will attcmpr to 
dctcrmlllL' what etfcct 1s produccd by usmg the 
Sllllpiiticd ClJU.lt!OllS. 

Thc codlic1ents of rhe- othe:r vanables are 

bas1caily what would be expccted. Thc coeffictc:Jb 
of pnor cmploymcnL m the samc sector .md Jrt a, 
1:',,

9 1
_ 1, are Jll posltJVC and !lLar unny, ptrha¡'~ 

llldtcatmg ~ltghtly dccrc:.1~1ng "rctums-to--sca]~_/' 
cJf cmploymcnt mercases in :1 reas where thcre ;¡-:e 
pnor. large quantitics of that type of emplo ,'• 
ment. The coefliClems of pnor total employn•l'•\t 
m the ~Jme area an: also posjcivc, chus illdJcau:·p_ 
cmployment growth at centcrs of employm. 11 

(pcrhaps agglomcranon cconomies). Thc coc: ;. 
c1cnts of d!<~ popul;,¡ ~1on den m y vanaUc .lrc S011:.:~ 
wlntks~ COilSlstcnt.For Stcturs l.md 4{Agnculrc,fc 
el ,¡f and M:.l~ufactunng) thc ncgar;.;e ¿udriocn 
rmpitcs decl•utnf> tmploymcnt in .H"ea~ of l11gh~r 
gro~s populanon dcnsnr. For Sector 5 (Tramror­
tarion t't al.) thc posJtJve cocffictcnr iinplyi:lg 
,:;rowth of the$c Lypr.:s of empioymt'Ht m dcmely 
populated arcas 1s qUJte reasonable. Thc samc por.¡,.. 
ove cocffic1ent for Sector 2 (Mmmg} does not ma ~-e 
~ellse mtts 1mphcation that tlm typcofemploymetit 
wtll grow in dcnscly popul:ncd arcJs. further ld"­
vcstlgation of r!11S rcsulr ts clcarly de~JraLJc. Orít! 

, po,;Jbd!(Y to be invest1gatcd JS th:H tlus po~!tn•c 
coc11inent stems from rh~ vanaLic playmg rhc 
role of suppressant variable for both fl,, 2 ,,_ 1 ~md 
Er;,,_,, both of wluch en ter thc C(JUation w¡, h 
posltl ve coetftcicn ts. 

IV. THE NON-BASIC EMPLOYMEN1' 
EQUATION 

The followmg four rypes of cmploym.cnt com­
pmc che w!tolly non-baste cmployment class :n 
thc modcl: (a) Rcta1l Trade; (b) F!llance, IIISur:. 
ance, k.cal Estat~; (e) Scrvtec~; and (d) Goveml. 
m en t. 

In cach sub-arca, ata gtven time, the amount of 
each type of wholly non-bas!c employmcnt is 
postulated to be a ftmcnon of(l) the tot.tí popui,1;. 
non m that sub-arca at that t11nc, wl11ch i~ 
pnm:1nly a mcasure of thc markct for the out~1\lt 
of thc cmploymcnt. (2) the tot:J! cmploymcnt JI! 
thc sub-area at that tmtc, whtch 1~ abo a "m,lrkcr'' 
measurc; and (3) thc amonm of tlut particular 
rypc ofemploymcm whtch was in rl1c ~ub-an·,l ni 

thc pnor time pcnod <'.nd wh1ch, as llc~cnbed 
abovc, rcprcscnts thc obtammg sltu:JtJOil wnh 
rcgard to that typc of indmtry m thc gtvcn arc.t. 

lmpllclt 111 tlm postulz.tcd funct1on 1s thc 
a~sumpt1on that for sub-arcas Jt the gcograpl11c.d 
scalc bcing considcred hcre (Le. :.ou¡;tJe~); 
cro~~mg of" boundJne> f()r thc purpo~e of ~C:tllng 
to thc~e acnvtuc~ ts rather tnfrcGucnt, .ud wk.{, 
lm:c crosslllg thcn: 1s tcnds to be' cqualtzcd fror:t 
sub-uca ro ~ub-:1rea. Tlw, assumpl!on wouid 
certam!y not be truc for smalkr r-;eogr.1pluc.X 
~ub-arcas and ·~ probably not valid ::-or ,( rcw cf 
thc .ucas m th1s study, Th~ ro::sults of rhc c~tlmat-· 



ing equat1ons dc~cnbed bd<.)W tc:nd ro confírm th 
v:d1dny t(Jr th1s particular case. 
Thcs~ v.trJ.J hks wcrc comb111cd 111 a lmear 

fi.IJJcÚoiÍ a~ bL·Iow. 

E,, 9,, = a 1 E,,u,r-l +a 2 P,,,+a 3 E[,+ a 4 (5) 

where: 

E = cmFJloymenr of mdustrial sector g m r,g,r 
arca i a t tnne t 

P,_, populat1on of area i at üme t 
E{,, tot.tl employment 111 area 1 at tllnc t 

I m pltc1 t 111 rlliS funct1on 1s an clcmcn t of 
snnulranctty of response of thc leve! of non-basic 
cmployml'nt to popubtton .111d toral cmploy-

\ 
mcnt. Th1s 1s probably not C)Llltl' truc 111 rcspcct to 

rl'al world bcllJviOr. The d.tta, howcvcr, on 
whtch thl' l'St1mat1on of this model's paramcters 
must be basl.'d, allow a choice betwcen mnul­
t.tncity or a 5-year lag. Though thc 5-year lag 
was cons1dncd to be rcasonablc for bas1c cmploy­
mcnt, It was cons1dcrcd unrcasonablc for non­
b.t~IC employmcllt. Consegucntly the assumpt1on 
of SllllUit.tnl'tty was acccptcd 111 prcfcrcnce toas­
sumpt10il of a S-ycar l.1g 

Tl1c rc~ult~ of c\tllll.ttlllg rhc eguat1ons were as 
füllows: 

l11du~try SL'ctor 7: Rctaii Tradc 

E,. 7 ·' = O 6969 F.,, 7 ·' _ 1 +O 0089 P,,, 
( 1 1 !)9) ( 8 44) 

+0 016X E;~,+265·59 
( l 65) 

,. =o 9945 F = 7642·5 

Industry Sector 1): Fmancc, I11surancc, Real Esta te 

E,, 8 ,, = 1·1320E,, 8 ,,_ 1 +0·0J08P, 
(56·60) (20·34) 

-0 0296E~,-185·33 
(- 10 69) 

r 2 = 0·9979 F = 200·19 

Industry ~ector 9. Serv¡ces 

E,, 9 ,, = 0·8375 E,, 9 ,,_ 1 +0·0086 P,,, 
( 13·96) (5·82) 

+O 0458 E~,- 786·46 
(5 04) e-

r2 = 0·9944 F = 7579·0 

Industry Sector 10: Govcrnment 

E,, 10 ,, = 0·5937 E,, 10,,_ 1 +0·0021 P,,, 
(14·84) (0·69) 

+0·0786 E~,+637·72 
(13·10) 

r2 = 0·9! 35 F = 446·99 

\VJth only one cxccptton thcsc results are 
complctcly Jll accord Wlth the expc,CtatiOII\ 
pmtul.ttcd abovc. A~ was tllc use wnh t'J~ ha~1c 
employmcnt Cl}UatJOil C~tllllates, the LOe'1ICICIH~ 
of ¡mor cmploymcnt o~ thc samc sector 111 thc 
s.Jn¡c arc.t are al! pos1t1ve a11d nc.Jr un1ty, agam, 
perhaps md1catmg s!Ighrly c!ecreasmg "returns­
to-scale". The coefliCicnts of currcnt populauon 
m the samc arca are al! pos1t1ve and n:Aecnve of 
the surrogatc "markct" mcasurc hypothes1s. Thc 
lack ofst;nst1c.1l slgnlftclncc oftlns codliucnt for 
Sector 10 (Govcrnmcnt) 1s apparently not dueto 
mulncollmcanty (sunplc corrclanon w1th the 
other mdcpcndent van.~blcs 1~ alway~ less than 
O 7tJ). 1 t 1s poss1 blc that the market h ypothcm ~~ 
lcss relcvant for rlm sector than for thc others, 
wtth re~pect ro populat1on. Exccpt fcJr Sector 8 
(Fmancc, lnsur.¡ncc, Real Estate) the coctficJellts 
of local total employmcnt are also, accordmg to 
the markct mcasurc hypothcsis, posltlve. Thc 
rcason for thc ncganvc cocffictcnt obtamcd for 
tlns vanablc for Sector 8 1s not at al! obv1ous and 
warrants further re~carch. 

Two rcm.unmg typcs of cmployment are 
11e1rhcr w!tL)lly b.hiC nor wholly non-bas1c 
Thesc two types are: (a) Contraer· Comtrucnon, 
and (b) Wholcs.Jlc Tradc. 

Thc leve! of Sector 3 (Contraer Construcnon) 
employment 111 .1 g1vcn arca wa~ postula red to be a 
functton o f. (1) tot.tl .lcccsstbdny to !ll.lrkcts and 
~uppl1cs, (2) employmcnt and popul.ttlon dcn­
Sittes, md1carmg thc general character of thc area; 
(3) thc pcrce1lt.lgc change in total employment 111 

thc area, md1catmg (undcr the assumptton that 
largc cmploymcnt mercases are camcs of m­
crcased bUildmg construct1on of all typcs) the 
poten ttallocal dcmand for new construcnon; and 
(4) the obtammg d JstnbutiOll of contraer construc­
tion employmen t from the pnor tune peno d. 
These vanables were combmed 111 !mear form, 
and thc coeflicicllts of thc cquation wcrc est1~ 
mared. Latcr test~ of the cquanon 111 the modcl 
showcd·, howcvcr, that the prcscncc of the per­
centagc change of cmploymellt vanablc m che 
egua non could lcad, undcr ccrtalll spectal clrcum­
stances, to undampcd oscillat1on of the Sector 3 
forecast !11 thc modcl. Consequently the cquatiOII 
used, delcnng the offcndmg term, was · 

E,, 3 ,, = a 1 A,~r-I + a 2 E,,J,r-l +a 3 (E,,J,r- 1/L.) (6) 

+ a 4 (P,,,_ 1fL,)+ a 5 

wherc: 

E 1,J ,r 

L; 
P;,r-J 

cmployment of Sector 3 111 arca i at 
ti me t 
land arca of area i 
populat1on rcs1dmg ,111 arca r at 
tune t- 1 



Devdopi11g all{l Testing an Imr.;-R.cgwtwfl\,fodcl 

.-i~.r- 1 = total acccssibJllty to employment of 
arca i at time t- 1 

and where: 

AT = "(IpiJE1,g,r-l) 
r,r-1 L. 11 

J zi 
'•J·t-l 

wherc · 

Z{1,:-• 
r J " d "b = J:rt:Ig 1t unpe ance etween areas 
1 and j at tune t- 1 as def¡ned abo ve 
productiv1ty rat1o (output/cm­
ployce) for tndustry g 

The resu!ts of estanatmg thc equation were as 
foli0ws: 

\ 

E,, 3 ,, =O OOIJ5 A:,,_ 1 + 1 1283 E,, 1 ,~ _ 1 

(1·25) (35·70) 

-7 6630(E,, 3,,_tfL,)+0·0820(P1,,_lfL,) 
(- ó·97) (2· 22) 

·-~05·79 

r 2 = 0·9702 F = 102·44 

Thc neg:ltlve" coeffic•ent of the gross-employ­
mctn-dcn~HY vanable is unexpected. There JS no 
obv10m st.ltlstlcal rea~on for tlm result, e.g. 
nrultJcollllH.:.mty or suppressant variable etfect. 
Onc pos~1blt: theoretical explanation has to do 
w1th thc Jülltt cff~ct of thc nature of rhe mdustry 
~retor and thc data source. Typically construc­
uon compante~. whde active m h1ghly urban 
~rcas, h,tVC tht:lr OITtCeS (cquipmcnt StOrage yards, 
too) outs1dc the urban arcas. Since che data 
cüllected on pcrsons cmploycd by the firm con­
sJders all thc cmploymcnt to occur at thc 
.!,r" 1 ffi l ,OIIlCCS , r 1c ncgauvc cae JCient 1nay rcsu t 

from th1s mismatch betwcen actual and reportcd 
workplaces 

Thc leve! of Sector ó (Wholcsale Tradc) 
cmploymcnt 111 a gn'Cil arca is postulated to be 
dctr:rmmed by che same factors as those wluch 
af!cct rhc whol!y uon-basic employmcnt (Sectors 
7, H. 9, 10) plm mnultancous accessibiiity to total 
employmcnt (m::trkl'tS and supphcs). Thc function 
e~nma red was: · 

E,, 6 ,, =a 1 A~,+a 2 E,, 6 ,,_ 1 +a3 P1,1 +a4 E[,+a 5 (7) 

Thc resulrs of thc esnmatlon were: 

El,ó,r = 0·0013 A,~·, +0·5283 ~í,é-,r- 1-0·0129 P¡,1 

(!·%) (11·24) (-18·44) 

+0 Oó85 E~~-1477·8 
( 17·12) 

r~ = 0·9892 F = 2885·9 

In che case of thesc cocffiCicnts thc only one 
whJCh docs not have rhe cxpectcd s1gn is that of 
pu¡Julanon dcnsJty 111 thc g•ven arca i at ume t. 

Agam, whdc It ~~ not cicar why tlm should be th<: 
ca~e. 1t is not totally Untt:dsonable in that n Illay 
lllcllcate a tcndency for wholcsaic tradc esv• b­
]Jshments (warchouses?) to locate away fwnJ 
densely populatcd residen tia! are~s. !ü was :he 
case ~ith other uncxpectecl regress1on cocffincJ,CS, 
thcre 1s room hcrc for fi1r~her n:search. 

V. THE POPULATION EQUATKOI\:~ 

The resid,~m population of a g1vcn ,m: J. í -lt r nc 
t is bv dcfmmon, the sum of: (a) rhe popubt;é>IJ 
of ~he' arca at tnnc t- 1; (L') thc nu.nbu· ~f Dlcrhs 
m thc given ar~a since tune t-- 1; (e) lllliltl'i ::he 
numbcr of dcaths in thc givcn arca since tJmc 
t- 1; ami (d) plus thc nct m1grauon Jnto the g":cn 
area smcc tnne t- l. Thar is, 

P,,, = P,,1_ 1 + B,,ti1 -D,,A1-!-M,,tu (8) 

where: 

P,,, = resJdcnt populatJon of area i at utnt! t 
R •. M = numbcr of ]¡ve binhs in arca i (roni 

time t- 1 to, tnne t 
D number of dcaths of residcms m are.,,; 

'·"'' from time t- J to timt: t 
M 1 ,.., = net HlJgratJon mto (or, 1fneganvc, out 

' of) arca i from tune t- 1 to ti me r 

Each ofthc~c component~ of population changc 
is itsclf forccast by a separa te cguatiOll. ConsJdc:­
abk conjecturc but lJttle cn,pmcal work has been 
publi~hed regardmg dctermlllams of b1nh and 
dcath rates lll sub-arcas of the szze w1th whJCh we 
are here conccrned (N.B.E.R., 1960). Aftcr ~ur,. 
veymg what has bcen writtcn, nuru.bers of binhs 
and deaths by sub-arca wcre postulatcd as bcmg a 
funct10n of: (1) per-ca pita personal in come m 
the sub-arca at che bcginning of the relevan t· time 
penad; (2) gross populat¡on dcns1ty (reprcscntifl.g 
urbanr?anon) of thc sub-arca at thc bcglllnmg of 
thc relcvant tune pcriod; and (3) numbcr c,f 
b1rths or dcaths m the sub-Jrca durmg thc ¡mor 
tllnc penad. Thcsc flctors wcre combmcd n: 
linear funcuons. Thesc wcrc: 

B,,M = a 1 (Y1,,_,/P,,,_ 1 )-r-a 2 (P,,,_ 1jL,) 

+a 3 B,·"''' +a 4 (9_1 

and 

D,,,.., = a 1 Oí.r- .fP,,, .. 1 )+a~ (P,,,_ 1 fL.) 

whcre: 

Y,,,_! 

D,,,~,,. 

(10} 

::: total personal mcome receivecl by 
rcs1dents of area í at WllC t- 1 

= number of hve Sirths m arca i from 
time t- 2 to time t-- f 

= IHIIllbcr of Jea~l~s oí rc~Jdcnts in area 
i from ¡:,me t- 2 ~o tir\lC t-1. 



. \ 
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lt was cxpcned th:tt fi¡r both bnths and dcaths, 
;t' tlu.: lllctricicllt oí thc pnor pcnod's bmhs or 

.!e:,tl,~- would be pm1tlvc and ne.1r unny, rhesc 
be1ng b-.;~Ically trcnd vanablcs 111 both mstances. 
In t!1e blfth~ cquanon 1t was cxpccted that thc 
codliCient of pcr-capita personal mcome would 
be ncgativc, rcflcctmg lower birth· qtcs m 
f..1md1c\ of IHghcr soc1o-cconomic status. Sunil­
arly, rdlectmg lowcr blfth ratcs 111 urban arcas, 
thl• cocfliCicnt of populanon den~Ity was also 
n.pcLtcd to be ncganve. Thc rcsults of estunatmg 
thc ct¡u.ltion wcrc: 

B,,,.., = 1·2813(Y,,,_ 1jP,,,_ 1)-0·l878(P,,,_ 1JL.) 
(0 63) -(1·53) 

+0 g681 8,,,..,.+225·74 
(41 41) 

r2 = 0·9696 F = ] 256·06 

lt c.111 be sccn rhat only thc cocffiCient of the. 
pcr-c:~plt.l incomc vanablc was notas cxpectcd. 
Thc pm1t1vc cocffiCient of pcr-cap1ta mcomc 
m:~ y be duc .ro 1ts bemg an inadcquate (or 111-

corrcct) mc.1surc of socJo-ccononllc status. For 
examp 1c, a "f..1mdy" With $20K/yc_;¡r incomc and 
two pcr\ons wdl havc a vcry d1ffercnt pcr-caplta 

u. mcoJ_nc_ f;om .1 :·r.m.1dy'_' ~1th $20K/year mcomc 
and h vc'pcrsons. Thc la~k of stausncal sJg111 fic.mce 
of rlm v:~nablc m:~y or may not be cluc rq th1s 
problcm, :~!so. 

In rhc cquanon Íor cleaths, lt was cxpcctcd that 
thc dcgrcc of urba111zatton would be ncgauvely 
rclatcd to deaths, because of (on thc average) 

_ bcttcr IIvmg cond1t1ons and d1et, and more 
adcquatc ami acccss1ble níed1cal f.1c1htics 111 urban 

. arcas. Ir was not clcar whcrhcr l11gher socio­
cconomic Hatus would be a~~oCJatcd wah fcw.cr 
dcaths bccau~c of bettcr llll'lhcal carc, or more 
.dcath~ bcc.n1se of lllcrcascd "wo_rk pr~ssure" 
Thc rcsults of c~tllnatmg rhc equat!On·wcre': 

D,,,.., = 1·3319(Y,,,_ 1JP,,,_J-O 1095(P,,,_ 1JL,) 
(1·73) (-1·89) 

. +0·9106 D,,,..,·- 1227·79 
(49·23) 

r 2 = 0·9842 F = 2443·9 

Hcrc, thc coctfiCJcnts rcpeated the s1gn pattcrn 
of those for thc b1rths cquat1on. The pos1t1vc 
cocftic1cnt of pcr-cap1t.1 mcome 1s less surpnsmg 
th.m 1t was m thc 01rths cquat1o11, but both of 
thc~c phcnomena w.ur.mt future rcseard1. 

Nct JmgratJon 1s thc most dJfficult-to-forecast 
cmnponcnt of popui.Jtlon change by sub-arca. 
Al~o. ami 11ot COIIJCidclltally, it 1s thc one for 
wlnch the lcast data are avadable. There are two 
pm1c1p.ll mcthods by wh!Ch tmgratJon forecasts 
m1ghr be attcmpted lll th1s model. The first of 

thcse wou Id be ro ukc a r.uhr:r broad macro­
bchavJOral appmach and u~c mine vanar1on 
011 gravJty-llltCJ.ICtiOn formul.1t10n (ANJJI ll\ON, 

ICJSS; hAIW, ICJ6(l; ÜL~\ON, ICJóS, SJ()UII'El!, 

1 lJLJO). TlliS .1pproach was cumJdcrcJ ro be too 
aggrcgaovc 111 that It subsumes severa] pheno­
mcna mto Jts formulat1on. Further, work with 
thcse fonnulatwns was precluded by the lack of . 
data dcscnbmg gross area-to-area migration 
Aows. Thc sccond approach, thc one wh1ch wa~ 
takcn, cons1sts of 1dennfymg thosc mcasurcs 
( cconom!C or socJo-econonuc) wl11ch are ca uses 
(or surrogatc mcasurcs thercof) of tlllgration. 
A funct1011 may then be postulatcd, mcludmg 

fbl "" d"" mcasures o ot 1 111 an out Jlllgr:~tJon 

causes, wh1ch wdl cxplam (forecast) nct .!rea-to­
arca nugra t1on. 

Onc such major determmant of migrauon 1s 
thc ava1labday of employmcnt opportumt1es and 
a tcndency for workcrs to nugrate from arcas of 
fcw opportun1t1cs to areas of many opportullltJcs 
(13LANCO, 1963; RAIMAN, 1962_; SJAASTAD, 1961). 
lt 1s unportant ro note that it 1s 11ot ncccssary that 
thcrc actually be -greatcr numbcrs of oppor­
tunitlcs at thc dcstmatJOII arca; rather, 1t is onlv 
nccc~sary that the Imgrat111g md1vJdual cxpcc~~ 
thcm . to be . thcre. Anothcr tactor found to 
cxpla!n a sig1uficant port1o11 ofrhc v.1riancc ofnct 
_1mgra t1011 was net · cha 11 ge 111 popula non d uc ro 
b1rth ancl dcath ratcs, Le. _."natural mcrc.1sc". 
Alo1!g wah tlm var:1able, the pcrccntagc change 

, ·in med1an m come o ver a g1vcn tune pcnod 111 a 
particular arca .was also found to be rclatcd to thc 
area's ne~ 1mgrat1on (LowRY, 1966). 
.. JG(vcn thc~c thcorics and empincal results, 1t 

. was poss1blc to postulare a mtgratJon-forecastmg 
,cquat1on for the model. Net tmgration 1nto or out 
-()f a,givc~l arca i dunng thc pcnod 1- 1 to rwas 
postula red ro be a functJOII of: (1) populat!Oil 1n 
thc arca at the bcgmnmg of thc penad; (2) total 

. cmployment'-m thc arca .1t thc cnd nf thc pcnod, 
(J) natural m_crcasc of populanon 111 the arca ovcr 
rhe samc pcnod of t-1 to t; and (4) acce~s1bdity 
of thc arca to cmployment (opporrumt1cs) at 
tune t. It must first be noted that both total cm­
ployment in thc area. at ume t (the end of 'the 
penod) and acccssJbdity to employment at umc t 
are used, as was thc case 111 certam of rhe employ­
mcnt cguat1ons, because of a prcfcrcnce of a%u­
mmg SII11UitancJty to that of assummg a 5-year 
lag. Thc funct1011 estunatcd tor 1111grat1on fore­
ca~tmg wa~. 

M,,,..,= a1 P,,,_ 1 +a2 E,:,+a 3 (B,,,..,-D,,,..,) 

(1 1) 

.where: 

M,,,.., nct tmgratJon into (or, 1f ne'ga-



rt,,, 

l!ve, out of) arca i from time 
t- 1 to nmc t 
popu!anon rc~tdmg m arca i at 
tune t-1 
total employmcnt m arca i at 
time t 
'"natural increase" in popula­
tJon of arca i from time t-1 to 
t lflH:' t 
accc~siblc opportuniues for em­
ploymcnr of residcn'ts of ~rea 1 

at t!lnc t. 

T:1c measure of acceSSJblt: opportuuities 1s calcu­
bted JS follows: 

(12)' 

.EJ'., total cmployment in ~.rea j 2t time 
z;,, 1 = pas~c.ngcr nnpcdancc bctwcen areas i 

:md j at tnnc t. 

Tlns p;m(ngcr impcdance tcrm is a composite 
of s•.:vcral tra.J.~port facihtv variables whJCl¡ is 
cxactly analogous ro thc ~alculation of frctght 
tmpcdancc m cquatton (3), with p:.mcngcrs and 
thc passcngcr transpon systcm bcmg Sl.lbsmuted 
for good\ and thc Ín~tght transport sysrcm. 

The n:stdcnt populanon in thc arca at the 
begnmlllg oF thc pcnod 1s expcctcd to be postnvdy 
rcl.itcd to ouHnJgratJon from thc arca ~unply 
bccausc rhc more peoplc that livc in :111 arca, the 
mor•: th.n can (Jnd probJbly will) m1gratc, qu1te 
apan fmm Jn:a-to-,nca dtf1ercnces m rates. Toral 
cmploymcnt m che arca was cxpccted, as repre­
~cJnauve of local opportunJties and of an urban­
¡zcd arca, to ha ve a pns1ttvc ctfcct on m-Imgranon 
anda ncg.tuve ctfcct on out-Jmgration, th~1s sub­
SllllllJJg both the loe;¡] cmploymcnt opportunltlcs 
phcnomenon ancl thc htstonc rural-to-urban 
\lnft of popu !J non. 

Tl1c n.Hur:~:-mcreasc vanablc was expected to 
_ havc a po\Jt:ve eftcct on out-nugrJttbn, the 
.~~~umpt1nn bcmg that in arcas Wtth high levcls of 
nJtur.1l Jncrc.1~c che ovcrall populat!Oll would be 
you•1gcr (u low mortal!ty and lugh fcrnl!ty) 
a11d ¡,¡ore mobdc, and thcrdorc more !tkclv to 
lilJgr.ltc Fndl>·· thc acccss to opportllllltiC; for 
~mplo~·mc1Jt 1'> cxpcctcLl ro cxcrt .1 strong posltJvc 
Int-luencc 011 lll-nllgranon. Tbc results ofcstimat­
mg rhe cquJtJon wcrc: 

M,,t.t = -0! 127 P,, 1 _ 1 -0·08i5E,~1 
(-578) (-450) 

+ 2·0449 ( 8,,.1,- ü,,ó.l)+ 2·26í5 4> •.• 
(7 45) (3 97) 

- J 3561·0 

r 2 = 0·5560 

F 

F = 37·25 

481 

Thc coeffiCJent oflagged populanon Jsneganvc, 
as was expectcd. Thc coeffici~nt of the acccs~-co-:­
<'j)portunltles measure 1s poslttvc as was cxpccted 
Thc coeHicient of present teta! cmploymenr w.as 
uncxp~credly ncgat1ve. TlllS rcsult may be duc to 
thc ac;:cess-to-opportunitics measure subsum1flg 
che local opportunltles clfccts_ lf tlm wcre d1c 
case, then thc ncg:wvc coeffic1cnt of tot,d L ;¡­

ploymcnt might be mdicatlve of thc urlxm- et~ 
suburban sh1ft, 1.e. a des1re ro ltvc ncar, but !nr 
too near, thc locat1on of employment. '1 'J" 

mtural I'1crease vanable has an uncxpcn-.:d 
pomtvc coeffiCJcut. It may be that rlllS i~ an 
assonattvc vanabie rathcr than a c;:usa! vanahlc 
and that high levcls of JJ:ltural mercase are 
associatcd 'Nith arns thar the youngcr, mc.re 
mob:lc scgmeílt of the po?ulauon has 111ovcd tJ. 

In any ose, on thc occasJOn that :lddinonal d..:c-1 
bccome available, tt 1s c!ear that tlwre •s room f,r 
aJditJOilal work on tlm topic. 

G1vcn the available datJ, 1t wa$ thcn poss¡b]c to 
m<~kc estmutcs of al! thcsc componcnrs ,)f 
popu!atlún chailge. TlllS was done, aud an esti­
mare of populauon at wnc t wao; prvou.::cd pe~: 

P,,1 = P,, 1 _ 1 +É,,!it-b ,tli+Af;,M 

Smcc thc actual values of P, 1 were known for 
tlllle t, it was po~s¡ble to cor~clate P,,, W!th 13., r· 
Domg t!us ytcldcd a stmple correbtwn bctwcc: 
thcm of0·9978, wh1ch is eqlllv.1icnt to 9lJ·SH pcr 
cent cxplanatton of va nance. 

VI. THE PERSONAL INCOME 
EQUATIONS 

Thc personal mcome forccasting equattons are 
the lcast well developed portwn of the modcl. 
At thc tune of dcvclopmcnt of th1s portton of thc 
modcl no truly compat1blc mcoll!C daca wcre 
avat!abic for e~tunatmg such cquatiom. A r..:­
gwrcmen t unpo~ed by the 111 ten dccf me or rhc 
modcl's ontputs wa~ that personal Hicomc be fore­
cast on a wherc-rccctved bas1s. The only JIICOIIJe 
data av:JILlblc at thc appropnatc geograp!!JC1l 
leve! of dctJd wcrc the 1060 Ccnsus of Popu i.Hit)ll 

(bt<~ Aftcr somc coJISidciJtlon tt w .• ~ declt!c,l, f()L 

tlm p.uttcubr effort, ro m.1ke 111comc lorn a\l' by 
prunardy assoCianve cquanons. ForccJ\b of 
personal mcomc, by arca, on a whcrc-rccclved 
baSIS, wcre made JS a functton of thc c111p!oy- • 
mcnt-mix m the arca. The general cquatJOil w:ls: 

wherc: 

F,,k,1 = L (u'" E,,m.1) +a" 
'" 

(' 3) 

F,,k, = nun1ber of f.1mdJc> m <r:con,e cbss lt 
m arca i at t!'lle t 
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''m• P.n ~- 1cgrcmon cocr1icJents 
E 1,m,r := cmploynlent 111 arca i of sector 111 at 

tlllll' f 

The equations were estimated for six mcomc 
classes wluch w.ere defmed as follows: 

Cbss Income 

. <$1000 
2 $1000-+ $3000 
3 $3000-+ $5000 
4 '55000-+ $7000 
S $7000-+ '51 0,000 
6 > $10,000 

Thc n:sults of tite cstnnat1on wcrc as follows: 

Cla~s 1: <S 1000 

F1, 1 ·' = O 3251 E,,6,<- O 027 5 E,,4,r- 0·1650 E;,s,1 
l406) (-2·75) (-2·35) 

-0•1633 E,,9,,+0·2821 E,, 7,,-0·0377 E,, 3 ,, 

(-2·97) (3·32) (-0·25) 

+505-43 

r 2 =O 6614 F = 38·74 

Cl.m 2: $1000-+$3000 

F,, 2 ,, = 0·5853 E,,6,,+0·0096 E1,4,,-0·3952 E;,s,, 
(563) (074) (-4·39) 

-0·0213 E,,9,t +0·4604 E,,7,1-0·4471 EI,J,t 
(-031) (439) (-2·35) 

+ 1482·1 

r 2 =09216 F=233·21 

Class 3: $3000-+ $5000 

f',, 3 ,1 = 0·5251 E,,6,,+0·0952E,,4,,-0·5147 EI,S,t 
(3 75) (5·60) ( -4·29) 

+0·0243 E,,9,r+0·6536E,,7,r-0·3513 EI,J,t 
(O 27) (4·67) ( -1 40) 

-1- 2024·7 

r 2 = 0·9560 F=431·29 

"class 4: $5000-+ $7000 

F,, 4 ,, = -0 3412 E,,6,,+0·2447 E,,4,,-0·3481 E,, 8,, 

( -2·27) (12·89) ( -2·67) 

-0 2318 E,,9,r +0·9698 E,,7,,+0·3075 EI,J,t 
( -2·36) (6-46) (1·14) 

+ 1390·5 

r2 = 0·9716 F = 679·10 

Clm 5: $7000--.$10,000 

F,,s,r = -1·2333 E,,6,,+0 2559 E,,4,,-0·941Jt, E,, 8 ,, 

(-561) (3·99) (-0·26) 

-0·3111 E,,9,,+0·8788 El,1,t+ 1·7061 EI,J,I 
( -2·22) (3·99) (1·78) 

+ 79·08 

r 2 .= 0·9408 F=3l5·40 

Cla~s 6: > $10,000 

F,,6,, = -2·0447 E1,6,,+0·2082 E,,4,,+0·1642 E,,s,t 
( -5·68) (4·62) (0·53) 

-0·1507 E,,9,,+0·4059 E,,1,,+ 3·8465 E,,J,t 
(-0·62) (1·10) (591) 

-1682·4 

r 2 = 0·8397 F = 103·87 

VII. THE LAND VALUE-LAND 
USE FORECASTS 

Th1s port10n of thc modcl shares w1th thc 
personal-mcomc sect1on thc dub10us honor of 
bc111g bascd upon parucularly poor data. The 
comequcncc hcre, as abovc, 1s that the forccasting 
cguauons are primanly associauve. 

Thc land value forccasts are actually forecasts 
of asscssed value. Though 1t 1~ well known that 
asscsscd value has ccrtam non-cconomJC (c.g. 
pohucal) dcterminants, suttablc sales value data 
are nonex1stent. Consequcntly, asscssed value 
and projCCtlons thereof are used in this moclel as a 
surrogatefor sales value. The forccastmg equat1on 
lile ludes measurcs of cconomtc actlvlty a~ well as 
laggcd. vana bies from two tllne pcnods. It 1s 
worth noting that the mclus10n of che second 
lagged assessed value variable does not slgmfi­
cantly alter theequauon'sexplanation of va nance, 
but tt does add scabd1ty to thc forecast cquauon, 
wh1ch 1s necessary to dampcn thc sharp cllJnges 
m assessed value which can result from polltlcal 
clcclslons. The equat1on used to torccast assesscd 
value 1~: 

V,,,= a 1 (V,,,_ 1 +!5V,,,_ 2)+a 2 [(E~,-E[,_ 1 )/L,] 

+ a 3 (P,,!L.) + a4 

where: 

(14) 

V1,1 = total assessed value of land in arca i at 
time t 

J = a constant; O·OLJL0-5 
E;,, = total employment in area i at time t 

L, = totalland arca of arca í 
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Thc rcsults of e~tunatmg tlliS cguauon werc: 

v,,, = t·l394(V,,,_ 1 +0·2 v,,,_ 2) 

(13·10) 

+ 1641·4 [(E[,- E[,_ 1)]L1- 33·1160(P1,/L,) 
(2·73) . (-1·30) 

+ 170472. 

r 2 = 0·7198 F = 104·47 

Forccasts of duce categories of land use are 
m:1clc · ( 1) fnd ustna 1, (2) Commcrctal, (3) Restden­
nal. Thc cqu.tnons ;tttcmpt the use of accesstbt!tty, 
as rcf1ccuve ofLmd dcstrabt!tty, asan inclcpcndent 
VJrl.1hle :dong wtth denmy of prcsellt me. 

Tltc cm1 ,. •)''• f(ir fi)recastmg mdustnal land 
me w.\:i 

ue,/,1 =U¡ F.',,4,J+a2(E,~,/L.)+a3A~,+a4 (15) 

Thc CLluation for forccamng commercial land 
use wa\ 

G',,c,r =a: (I·OJL.)+u 2 (E,,6 ,1)
0 J+a4 (16) 

The eguatton fo.r forecastmg residencial land use 
was: 

U,,R,r =al (P,,/L.)+a2rr.,+a 3 A;,,+a4 (17) 

whcrc: 

L' perccnt of mdusmal 1and 111 area 1 at r,/,r 

ti JllC t 
L' - ¡)crcent of commerctal land in area i r.C,r-

. :n tnnc 1 

U,,R,t = pcrCent of rcsidentta]Jand li1 arca Í at 
rune t 

n, = O when (P,,z!L,)< 10,,000 
1 when (P,)L,) ~ 10,000 

E'{',, = toral employment marea i at time t 
L 1 = land arca of arca i 
A-;, = rota! accessibdity to employment of 

arca í at tllne 1 

.A~, = total acccSSibJlity to residencial popu­
I,HIOn o[ arca t at tune t 

-= 'jJP1,,/Z;,1 ,t) 
J 

P1,, -= populatton residing in area i at tune 

The results of csnmatmg these equatJOns were: 

Industn:tl land use by county: 

U~,~,, =O 0020 E,,4,r +0·00082 (E~,/L1) 
(9 13) (4·05) 

+0·000008 A; -0·449 
(3 28) 

r2 = 0·7534 

Conuncrc1:d land use by county. 

U,,c,, -= 56 342( L ·0/L,) + 1 ·223(E,,6 ,.)'-' 
025 +0·1262 

(2·56) (5·69) 

r2 = 0·6956 

Rcmlcnttal Íand use by county: 

Ut,R,t = 0·0554(P¡,/L1)-58·45Jl 71 1 

(6 02) ( -4·98) 

+ 0·000003 A;,,- 5·17 
(6·47) 

r 2 = 0·7276 

VIIL COMMENTS ON EQU AT~ON 
STR UCTUlli. 

· Thc model\· cquatton sr.ructure: ;na y now ll~ 
briefly summanzcd: 

for Scctors 1, 2, 4, 5: 

f? f ( .<> 'A m • E . ET' • 
~..-..l,g.r = .... '"i.,,!},t-1, ,,g.r-1' I,(J¡t- l ~ .-,,g,r-1' 

P,,,- ¡/L,) 

For Sectors 7, 8, 9, 10 

E,,g,l = f (E •. ~.·-¡; P,,,; ED) 

For Sector 3 

E,,g,t = f (A~•-t; E,,u,r -1: E,,g,r-tfL,; P,,,-¡(L,) 

For Sector 6 

E,.u,r = f (A,~,; E,,u.r- s; f',,,; E[,) 

Populatton 

P1,1 = P,,,_ 1 + B,,M- D,,j,, + fl..t,,t..r 
B,,tu = f{ Y,,,- d P,,r- 1; ?,,,_ t/L,; E.,&,.) 

D,,l11 = f (Y,,,- ¡/P,,,_ t; P,,,_ tf L, D,,t.,.) 

MI,!J.I = f (P,,,_ ¡';E,~,; ( B,,ll,- D,,t,,); 4>,,) 

Persona) Income 

F - fl E ) l,k,t- \ l,g,t 

Land Value 

V,,,= fU'Í.r-1; V,,,_ 2 ;(E~,-E~,- 1 )íL,; P.,,!·L1) 

Land Use 

U· e = I (L · E· 6 ) 
J, ·' J ,, l. ·' 

u .. R.• = f (P,,J r,; A;:,) 

It wtll be remembered that there are cot•­
stramts on: 

'[,E,, 11 ,, =E"·' (Regional Employment Forecasts) 
1 

¿P,,, = P1 (Reg10nal Population Fon:caH) 

I,Y,,, = Y, (Regtonal Income Forecast) 

In arder to obtain personal mcome in a gtven 
arca i, the numbers offamilies m each mco~nc dass 
are mubplled by thc me(h:::n mcome of the class 
(CONSAD, 1968) 
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le 1\ now poss1blc to trace ccnam typcs of 
unpact through thc model system. 

A. Changes 111 fretghr transport facdtty charac­
tensttcs at tune t wtll not cause an tmpact 
un ul t + 1.. A t tha t ttme they wtll ha ve a 
fl¡rcct nnpact on employment in Sectors 1, 
2, 3, 4, S, and 6 Tlm wdl, m turn, produce 
mdtrcct ctfects on cmployment 111 al! other 
scctors, as well as on populatton,mcome,land 
value, and land usc. All of 'these effccts 
are, of coursc, cumulattve, 111 that they 
wdl .tHcct che forecasts for succeedmg ttmc 
pcnock 

B. Ch.mgcs. 1V pas~cngcr transport fae1ltty 
cllaractcnsttcs at tune 1 wtll have no d1rcct 
cl1cct 011 employme11t tn Sectors 1, 2, 3, 4, 
.•'ld 5 Therc wtll, howevcr, be a dtrect 
·mpact 011 populat1on (v1a m1gr.1t1on). 
Thm, ~hcre wdl be mchrcct cffccts on 
cmploymc11t 111 Sectors 6, 7, 8, 9, and 1 O, 
. ts well a~ 011 mcomc, land valuc, and land 
use. Aga111, these effect~ are cumulattve 111 

that rhéy wdl affect che forecast~ for suc­
cecd111g ttmc penad~. 

C. Locauon of ma_Jor f.1cllmes, etther pnvatc 
or publtc (govemment), wtll have un­
pace~ m d 1 fterem parts of the model, 
depcndmg upo11 the nature of che t1cii1ty. 
For examplc, l.trgc faetones or Sllndar m­
~tallattom wdl have numbers of Sector 3 
employccs 111 the :1rea dunng rhe1r construc­
tlon, wl11ch wdl have dtrect tmpact on 
employment 111 Sectors 6, 7, ~. 9, and 1 O, as 
wcl! a\ on population, mcomc, land value, 
.tnd i.Jild me Other typcs of exogenou~ 
cf!ccts may also be traced through the 
model once rhe1r 1111ttal reprcscntat1o11, 
111 terms of che modcl's V:Jnablcs, h:1s bee11 
dctcnmncd. 

IX. SOLUTION OF THE MODEL 

The solvmg of the model, t.e. makmg a forc­
cast wtth 1t, co11ststs of tluec mam steps. F1rst, 
employment 111 Scctors 1, 2, 4, and 5 Is forecast. 
Scco11d, populatton and al! ocher scctors of 
employmcnt (Sectors 3, 6, 7, 8, 9, 10) are forecast 
mnul taneOLhl y. Tlmd, personal m come, land 
valuc, a11d la11d use :1re forccast. Tlm structure 1s 
show11 111 Ftg. 2. 

Thc 011 !y portion of che abovc-mcnttoncd 
structure wh1ch neccls further clanficatton 1s 
Stcp Two, che Populauon and Scctors 3, 6, 7, ~. 
9, 10 cmploymcnt sectton. This IS, m t1ct, a 
rathc.:r largc set of stmultaneous eguacions. To 
.tvoal rl¡c problcms of solvmg such a system 
~tmu)urJcomly, the soluuon !S arnved at by use 

of an ttcrattve teclmigue. Tlus techlll(llll' IS 
dlmtratcd bclow. 

G1ven, for example: 

y=a 1 x+b 1 z+c 1 

x = a2 y+b2 z+c2 

z = a 3 x+b3 y+c3 

(I) 

(2) 

(3) 

The coefficients a", b", and e" are known para­
meters. lnltlal values are assumed for x and z 111 
equation (1). Tlm equatlon may thcn be solvcd 
for a mal value of y as per: 

_v=a 1 x 0 +b 1 z0 +c 1 

where 

y = tria! value of y 
X 0 , Z 0 = Imttal values of x ancl z 

Then m equation (2) the tnal value of y a!lll thc 
mtttal value of z are used to calculate a mal 
valuc of x . 

.i = a 2 y + b 2 z 0 + e 2 

Contmumg thc process, 

i = a 3 .i+b3 y+c3 

The solutiOn continues by calculating a sccond 
tnal value of y pcr. 

.v = a i ~ + b 1 i + e 1 

'::lccond mal values are also calcula red for x and z: 

.X= a 2 y'+!J2 i+c2 

i = a3x+b3.v+c3 

Tlus process contmues unttl the 11th tnal value IS 
el]Ual to (or Wlthtn a tolcrancc rangc of) thc 
(11- 1 )eh tnal value. For runs of the modcl, to 
date, the tolerance levcl has bcen set ro 3 pcrcent, 
and solution takcs four to sevcn Itcranom (les~ 
than 2 mmutes on an IBM 360/75). To tc~r the 
umqueness of the sol utron rcachcd by tlm tcch­
mque a test was made whcre thc first tnal valucs 
of x, y, and z were random numbers mstcad of 
the prevtous wne penad v,dues normally used. 
The solutton reachcd by rhe test problcm, 
though takmg more Iteratwns, was rhc same as 
was obta111ed 111 non-test runs of thc modcl 

X. VALIDATION OF THE MODEL 

Though all data necessary for a fui! va!tdation 
of che model wcre not avadablc, a parttJI vallcla­
tion was undertaken. A test forecasr l)f al! 
vanablcs was madc from 1960 to 1965. Thc 1965 
County llusmess Pattcrns (U.S. Department of 
Commercc, 1966) werc summed to provide 
cmploymcnt control totals. The llurcau of the 
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Ccmus 1965 tntcr-ccmal estima tes rBureau of the 
Census, 1968) wcrc summcd t'o provtdc a 
populauon control total. Thc nnpedance data, 
1965 passengcr tmpedancc and 1960 freight 
impcdancc, wcrc supplled by the Northeast 
Corridor Transportatwn Projcct. The forccasts 
wcrc m.tde for thc 131 dtstncts and then aggre­
g.Hcd to thc -+O superdt\tncts. Thcsc foreca~ts were 
rhcn ploncd versus thc actual 1965 data for com­
pamon purposcs. In rhcsc plots, thc ~upcrdtstncts 
wcrc ordercd m arder of asccndmg magnttude of 
thc actual data. Thc actual valuc of thc vanablc, 
for caclt ~upcrdtstnct, was plotted as an astcnsk, 
anda lmc was clrawn conncctmg thcsc. The forc­
cast va n.t blc was1 plottcd as a T for each super­
d t\trrcr, .11td a l111c was clrawn connectmg these. 
In Ftg 4 tite popul.ltton forecasts are compared 
wtth actu.rl popul.ltton In Ftg. 3 the cmployment 
forcc.1st~ are comp.1rcd wnh actual employment. 
As c:~n be \el'tt, 111 both cases the forecasts m:~tch 
rhc actuJI~ rarhcr clmc\·. 

In an .mcmpt ro furthcr valtdate the modcl's 
prcL.!tcuvc ,\bt!tty ~ummations of the 1968 
County lhtstlll'>~ i>attcrm cmploymcnt data werc 

,., 
o 
X 

e 

"' 

~~:~:::r 
19677171 

1722 7341-

~ 1232 767 
o 
a. 
E 
"' 

med as sectoral control totals (cxccpt for Sector 1, 
Agnculturc; Sector 5, Transport.ttton, Com­
municatton, etc.; and Sector 10, Govcrnmcnt; 
wlnch are not fully covercd by County Busmess 
Pattcrns and for which the spccial tabulatwns used 
to adjust 1960 and 1965 data were not avatlable for 
1968). The modcl's forecasts for the 131 dtstricts, 
whtch were cxpected to be at lcast sltglnly 111 

error due to the use of 1970 estimares .1~ control 
totab of thc tluee abové-mcntwncd cmploymcnt 
scctors and for populatiOII, were thcn corrclated 
wtth thc 196R County Busmess P.1ttcrn d;n;¡ by 
-:ounty. The followmg rcmlts wcre obranH:d. 

Sector 

_ Mmmg 
1 Contract Constructwn 
l. Manuhlcturmg 
ú Wholesalc Tradc 
7. Jtcr.11! Trade 
8. Fu~ancc, lmurance, Real Estate 
Y. )crvJces 

0·6H78 
O 'J51U 
WJ7!7 
O·lJ647 
11·9577 
U· 7505 
U·RK~I 

Fig. 3. Actual mperdwnct employm~nt totals JI S. INTRA-1 Jorecasts (1965) 
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F'.f:· 4. Actual superd,;trut ¡JO¡mlatiotl totals v;. li\ITRA-1 forecasts (1965). 

U1ldcr the t;Jrcumstanccs, these results are 
rca~(m,tbly good and lcnd addltwnal wc1ght to 
d1~ argum9nt that the model1s capabk ofproduc­
lllg goot! forccasts. 

lt ~hould be n'otcd hcre that an inherent weak­
ncss Óf models developed from regression 
ar:alyses 1s che problem of "outlicrs". Thcsc are 
obscrvattons mcludcd in tbe data (which in rhis 
case rnust latcr be forccast) that are vcry t:rr from 
thc rcgrc~ston lme. A particularly nottccablc our­
lymg ¡)()rllt through al! the tXJUat!ons c~trmatcd 
fL)f INTI{A-1 was D1strict 59, Ncw York, N.Y. 
(Manhatt:m). Thc dcvclopmcnt of thrs arca, 
hrstorrcally, JS not adcquately captured by rhc 
INTRA-1 cquanons. Thc drrcct conscqucnce of 
thts ~~ that, parncularly for popu!ation, thc modcl 
coJJSIStcmly undcrest1mates in tlus arca, as may 
be scen 111 thc last pomts plotted on F1gs. 3 and 4. 
Though undercstimation JS fcnmd in othcr arcas, 
too, a peculiar combmation of dfccts in Man­
hattan resulrs 111 forccasts of prcctpitous popula­
uon clcclllle 111 the arca aftcr 1975. Whde thcre 
has bcen a decline m the arca's populatwn s!nce 
1950, rhe declrnc forccast by the modcl was . .:on-

s1dered far too stccp to be acccptablc. Con~t·­
qucntly an artificial constraint was introduccJ 
which lmuts thc declme m a given 5--ycar f()rc­
cast pcriod to 10 per cent of rhe prior pcriod­
population leve!. Even though this constr::unt i~ 
ca!led uno operation m only a few imtancc~. 
futurc work on intta-regional models of tltis sort 
should attcmpt to furthcr explore this phcno­
rncnon. 

A variety of mput alternativcs werc· prcparcd 
am! teHcd with che modcl. Siuce thes..: would bt• 
lengthy to describe 111 dctail, only thc conclus:ons 
from severa! of these tests are presented here. 

Test 1-An 1mprovement (reduction) in Freight 
1mpedancc from one 1rea to a!l othcr~ (che arl..':t, 
testcd was neither extremely urban nor extreme! y 
rural) produces the [.)llowmg forecast r~:sults: 

(a) Incrcases in the g1ven arca and m thc m.orc 
industrialized of the adjacent arcas (except, 
pc-cuharly, for Sector R-Financc ct d.). 

(b) Sligln decreascs in the rcsident po¡wl:!tion 
of the given ;¡réa, with s];ght íncH.:a~cs iw 
the lc:s mdustrilllz<::d c•f the adjacr.::nt arca:>. 
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(e) lncrcasccl pcr-capita mcome leve! in the 
g1 VL'Il arca. 

Test ll-An improvement (reduction) in pas­
scnger nnpedancc from one arca to all others 
(samc arca as used .m Test I) produces the follow­
mg forccast re~ults: 

(a) In creases in resident populauon of the given 
;m:a w1th Vlrtually no change in the adja­
ccnt arcas. 

(b) V1rtu,t!ly no changes m employment. 
(e) Dccrcased per-c_ap!ta in come leve! in the 

Q"Iven :1rca. (Tius result is somewhatsuspcct 
tll tlut inspectton of the modcl's cquation 
strur:wre md'lc:ttcs that as thc rcsident 
popubtion of an arca mercases, if thc arca's 
cmrlvyment rcmams unchanged, thc 
arc.;'s pcr-c::~pita income will, by definition, 
dccrease.) 

Te~t HI~An 1mprovcmcnt (reduction m pas­
scngcr nnpedancc along thc ccutcr of the "co:re" 
,m:a (shown m fig. 5) produces thc followmg 
forcca~t rcsults: 

(a) A tcndcncy toward dcccntrahzatlon of 
popul.ltlon ami, subsequcutly, of employ­
mcnt, along the north-south axis followed 
by the 11nproved tra;1~port system. " 

lt should be uotcd rhat 111 all cases the 1mpacts 
ob~erved werc f~)[ thc fint tune period ~ubsequent 
rr' the changcd transpon facdmcs' bcmg aftccted. 

Subscquent time periods will obvwusly reficct 
both the changed transport faoliues and the com~ 
poundmg of their mduo.xl effi:crs. 

T cst IV -Changcs in the mtersectoral Aow 
cocffiCients (the input-output cocfficients) pro­
duccd 'changes 111 thc geograph1c distribution, of 
cmployment. 

further tests are presently bcing <;onductcd ;s¡¡,J 

will hopefully be reportee! at a latt:r da~e. 

XK. CONCJLUSIONS 

Numerous coucluswns have alrcady bccn pr<.:~ 
scnted m the body of this papcr. On!y threc 
pomts necd to be madc hcre. 

l. The modcl docs appcar co produce, subjcct 
to exogcnous control tor~b. rcasonably 
accuratc and rchable forccaHs, though thcrc 
1s clcarly room for furthcr dcvdopmcnc 

2. The modcl's rcsult!. wcre used by thc 
Northeasr Corndor Transport:~oo~l Pwjc~r 
of thc U.S. Depanmcnt of Tr;mspmt:.:Úml 
as part of rhe1r ma jor 1969 repon to thc 
Secrctary of Transportation. 

3. Thc computcr program of the modd has 
becn madc operational and exrremc:ly casy 
t:) use at thc Untvcrslty of Pcnnsylvam.t's 
Computatlon Ccnter for use by intcrcstcd 
faculty and studems in an attcmpt, am()ng · 
other thmgs, to encomagc furthcr dcvclop­
mcnt and tcstmg of it. 
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Abstract 

1 

The past five to ten years research on urban transportation and land 

use models has produced i~portant advances in operational planning techniques. 

Two of these advances are closely related and are discussed in this paper. 

The first of thcse was the demonstration of both the feasibility and 
1 

sup~riority of an integrated transportation and land use model package. The 

second of these was the development o[ a more general form of urban land use 

modcl alang with the procedures necessary for its calibration. Put togethcr, 

these t\vo advances make integrated transportation and land use forecasting 

and policy analyses a reasonable operational analysis technique. 

This paper first describes the general development of an integrated_ 

transportation and land use model. The bulk of the paper is then devoted to 

the development of a simple numerical example of one of the new land use 

moclels a long \.JÍth a procedure for estimating its parameters. The conclud ing 

scction of the paper points out the connection of this new lan~ use model to 

transportation models. 



Introduction 

Sérious efforts to construct urban land use simulation models begen 

in the early 1960's. In all of these efforts the relationships betNeen 

transportation and land use \.;rere only partially represented. ' In e:.1cn 

case, a matr.ix of zone-to-zone impedances was input to a land use mooeL 

·rho2s e irnpedances \·!ere mea sures of the d ifficul ty of interact ion. between 

nctivities located in different zones. Depending upon the availability· 

of data~ travel times) travel costs~ or airline distances (or varioos 

combínatiÓns thereof) \llere used as impedan~es. The impcdances werc ~he 

only link bet\veen transportation and land use in these modelling effcn:·ts, 

During this same period the modelling of transportation (especially 

highway) networks progressed to the point of rather routine application 

of trip generation, distribution and assigrunent progr'am packages. The 

connection from the land use distributions to these transportation models 

was sirnply the input of the land use data to the network model package. 

As part of its response to an increasing concern with the premature 

obsolescence (over-congestion) of urban highways, in Harch 1971 the U. So 

-!r 
Deparbnent of Transportation issued a request for a proposal to do a 

research study entitled "Interrclationships of Transportation Development 

nnd Land Dcvelopment". The contract for the study was awarded to Professor 

Stephen Putman at the University of Pennsylvania, with the work beginning 

in November of 197L It was cvident from the start of the work that the 

premature obsolesccnce question \.lBS but one facet of the more general 

qucstion of urban spatial confígurations. 

~-Federal lllghway Administrction, Office of II:i.ghway Plarmine,, Urb.:::n 
Plannínc Dívision. 
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The proposed method of analysis for the general problem was an 

integ'r·ated set of land use and transportation models. As the project· 
,1' l.r'' 

emphasis Has on the integration of these models and their consequent 

capability for analyzing land use-transportation interactions, it was 

decided to use modified versions of existing models rather than constructing 

wholly new ones. The land use model portian of the package was a muclt 

modified vcrsion of PLUM, called IPLUM. The transportation part of the 

package lvas ah "in house" network pac~age incorporating the capacity 

restrained, incremental tree-by-tree assignment. In early tests of the 

model package, in order to assure eventual compatability with FHWA 

soft\vare, a trial linl(age was constructed and several test runs were also 

made us ing 1:he FH\.JA-l.ITPS network programs. 

This project, completed in the sunnner of 1973, demonstrated the 

first successful integrati.on of a land use model with a transportation 

model, incorporating feedbacks . 1 Trip generation was accomplished by 

extracting and converting the implicit trip matrices from the land use 

model activity allocations. Congested network times resulting from these 

trips were then fed back into the land use model. The entire process 
.. 

\vas run, in an iterative manner, to equilibrium. t. 

Tllour,h this first project did not involve extensive policy testing, 

thcre were sorne interesting policy conclusions. In particular, the 

simulation results demonstrated that attempts to deal with highway 

conges tion by means of new highway facility construction will, in the 

absencc of stringent land develo~nent controls, lead to even greater 

highway congestion in future years. In addition it \vas shown that a 

1· 
Putman, S, II. (1973) ''The Interrelationships of Transportation Develop-

went ancl Land Development" Urban Planning Division, FIIWA, Departmcnt of 
'.):ransportat ion, Wash.in~ton D. C. (in 2 Volumcs, revised and reprintccl in 1976). 

2 
Putman, S. H. (1974) "Prel iminary Results From an Integrated Tr<ms portation 

and J~and Use Hodcl Package" Transportati.on Vol. 3, pp. 193-224. 



3 

"do nothing" policy of .allowing existing facilities to congest might lead) 

in the long run, to lower levels of congestion. As part of these conclu-

s ions it was clearly demons trated that ne,., highway facilities: in th~ 

abscnce oi land -use cont1·ols~ lead to increased urban spra1.¡} ~ while conge~.:t ~--.¿i_ 

':"acil ities tend to inhibit sprawL Fina1ly, these test runs íncJ ic.ated 

:elt<tionships throughout: large metropolitan regions; e.g. the effcc.'::s of 

J .... nG: lWe controls i.mposed in one county on development in adjacent cqur.ties ,, 

t"hnt tvould rrdbably pass unnoticed 'i\lith more traditional analysis tedmiqw.:!:. 

·'In }!ay 1973 a grant \Jas received from the National Science Found~tion 

for a study titled Laboratory Testing of Predictive Models. TI!e ptlrpose 

of this work \ITas to develop a method for test::i.ng and evaluating pré~hctive 

lam1 use models, and to apply this method to existing land use mode1s. 

After a thorough revie\v of existing land use models, the efforts of the 

project Here devoted to work with the ~nnc_model and a vcrsion of 

IPLV>1 (which resulted from the D.O.T. work described above) as a represcnt-

ativP. of Lowry derivative roodels. 

The research strategy in this new work was to first attempt to estinu~t'r; 

both models' parameters for a ccmmon data set, and then todo a series o! 

sensitivity test of both models. No difficulties were encountered in 

estimating pararneters for El-JPIRIC. \.J"hen it came to estimating the-

para'lleters for IPLUN it was discovered that there was no formal techniqu~;; 

in U. S. modelling pract;i.ce for est:inlating the parameters of Lowry derivilti've 

roodels. In dealing with this d ilemna, the research was eventually led to 

1 1 
consideration of the entropy-roaximizing approach of Alan Wilson. Tln·ough 

this approach IPLt.fH was refonnulated .and subsequently cal ibrated (i..e. itsl 

p.s.rameters were properly estimatro). The resulting roodel \.¡as suffíciently· 

l. • 
WJ.lson, A. G. (1970) E1"\tropy in Urban and Regjonal Model 1 in_g , Pion), 
London. 
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different from IPLUH to be namecl Disaggregatcd Residential Allocation 

' Hodel -: DR(\H. 
' • (,1, 

~Tir~· t\w models, DRAM and EMPIRIC, ,.,.ere then put through a series of 

tests of theír responses (i. e. changes in outputs) to different types of 

change in inputs. The results of these test showed DRAM to be much more 

respons ive to chang~ in inputs than was EMPIRIC. This, a long with DRAM' s 

better articulated theoretical structure suggests a clear superiority over 

EMPIRIC for use in planning poJ.i.cy tests and evaluations. This work was 
1 

2 
comp;l.etecl with the preparation of a draft final report in the Summer of 19"'->. 

June 1975 sah• the beginning of a second round of \vork on the !ntegrated 

Transportation and Land Use Package. While sorne further work had been 

3 
done in the preceeding two years, a National Science Foundation grant 

titled Development of an Improved Integrated Transportation and Land Use 

Nodel provided the funds necessary to carry the development of ITLUP to 

its present state, The chief goal of this effort'was to upgrade ITLUP tp 

include DRAH, and to add. severa! additional models to the package. Also to 

be explored Here a basic· employment model, ·a modal split procedure, and an 

air pollution model. The whole package, inc1uding parameter estimation 

procedures \vas to be prepared for dissemination to experienced users in the 

field. 

Addit ional funds from the Off ice of the Secretary, D. O. T. were 

jnc1ucled in this grant to cover the preparation of a number of policy tests 

using thc improved ITLUP package on an actual data set. These policy tests 

are currently undcr way. 

r 
Putman, S. H. (1977) "Calibrating a Disaggregated Residential Allocation 

Model - ,DRAN" London Papers in Regional Science Vol. 7, pp. 108-124. ... ' 

L. 

Putman, S. H. (1976) "Laboratory Testing of Predic_tive Land-Use Models: 
Sorne Corn'parisons" Office of Transportation Systems Analysis and Information, 
DOT, Hasllington D.C. 
3· 

Putman, S. H. (1976) "Furthcr Rcsults from the Integrated Transportation 
and Lancl Use Nodel Package (ITLUP) ", pp. 165-173. 
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As part of the work off .. ~he current grant, many calibrations of DRAN 

l 
vcre perfonncd, including sorne for a 19th century data sct, with ~ighly 

encouraging results confinning the general fonñ of the modcl. SimiUrly;, 

e. simple modcl of basic employment location has becn d<!'tcloped and ylc¡d~;; 

rat~wr promising results. All of this work is nea:ring complction and 

\eJill be written up in the near future. 

The importance of this work~ quite apart from the va:rious: interesting 

tlteoretical-c:mpirical findings, lies in the prepa1~at:ion of ad.vanccd planning 

t.ed.1hology for distribution end use to -p-cactitioners in the field. Use 

of these methods can reasonábly be exp~cted to improve planning analyses,. 

~1ile the results of such uses can be used to direct futurc resenrch 

efforts towarcts the development of even more accurate and useful meJ,:Jwds. 

These new techniques, along w:Lth mun.erical examples of their derivation 

and application, are presented in the following pages. 

1 Putm~n, S. H. (1977) "Calibrating a Res idential Location Model for 
Nineteenth-Century Philadelphia" Envirornnent and Planning A VoL 9. 



It is common knm-lledge tlh!at in the past two decades there has becn 

enorri.1ous public investment in highHay const:ruction. This same period has 
1 

als,C? ,.,itnessed large scale shifts in population from rural arcas to urban 

1 

areas; and within the urban area, from c~ter-city to suburb. Even 

without attempting here to define .the explicit causal relationships 

betwecn these two developments, it is possible to describe a related 

phenornenon which is observed, not in~requently, when the construction of 

a ne,., section of roadHay is foJlowed, all too soon, by very heavy usage 

and suhsequent congestion. Specifically, the nature of this process se~s 

to bt: that: a) Due to the inadequacy of existing facilities a decision is 

trucen in a metropolitan area to improve transport facilities (usually by · 

road building) for a particular part of the area. Then b) assuming that 

the decision is approved, in anticipation of the ne,., roadway, land 

developers and/or speculators become involved with properties near the 

propos ed route. As construction of the facility begins, sorne homemmers 

a~d businesses may consider and even act upon location decisions. Upon 

compl~tion of the facility, additional location decisions are made. 

Finally e) a relatively short time after completion of _the facility, the 

dcmand for its use greatly exceeds the demand which existed prior to the 

decision to construct it. Consequently the design capacities are soon 

reached and often exceeded, resulting in congestion and premature obsoles-

cence of the facility. While this is a rather generalized description of 

a very complex process, it is reasonably accurate. The question is whether 

it is feasible, vía integrated transportation planning and land use planning, 

to avoid or ameliorate the occurrené:e of this. particular phenomenon in the 

future. Further it is necessary to analyze this process and to determine 
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whether a) balanced development of transportation facilities and land 

use is feasible, and b) if it is feasible, what means are available to 

accornpl-ish it. 

Thcre ís con.c;iderable evidence indicating t~lat the derc.und for hlghu,.ty 

t:ravel i~ -rathe!:' sensitive to changes in highway capacity, This sensitiv1ty, 
. 

as descrj.bcd atove~ frequently resu1ts in heav:w utilization !ind cong.cstio~1 

of ·neh' faciliti<t!'S soon after their construction. !t has been argu~d th.:1t 

'(:l¡e solution\to this pro'blem is to construct more facilities. Xt is 

poss:th 1
•· ::.h.at at some point~ if thls policy were followed, an equilib:;lum 

sltuation would fndeed be re8ch;::d. This conclusion can be supported by 

assertit;Jg that tbe elasticity of dem<Jnd for highway tra'lel is finite. 

However, :i f the 1'population" generating that de.mand continually increascs at 

the samc time, it is not clear th.at the total demand can easily be satisfie~ 

in this roanner. The limit of this strategy, at the extreme, would. be 

reachcd whcn so much land is converted to roads that land dcvelor>ment 

for othcr purposes is restricted, llith a consequent lirnit on tr:ip gcneraf;:ion 

and road use. It is obvious that this "equilibrium" is not the desjred 

solution and is hopefully not feasible in any case. It will tl1erefor"' 

be neccssary to analyze possible "intennediate" solutions, 

A baJ.ance between transportation facility development and land 

developmeut implies a market equílibrium of the demand for use of the 

trans portation facility and its supply, i. e. its speed and cap21eity chat·ac-

teristics. There are two basic altematíves available to the p:tanner who: 

wishes to modif:W an existing rransportation and land use s'ituation suffi-

ciently te achieve such a balance, though it is likely that the best 

strategies will be mixtures of the alternativcs. The firsc alternative 

• is to alloi" demand for transportaticn to fluctuate freely, with no ínter~ 



ference, and attempt to cope with it. This would he accomplished, as in 

the::past, by neH higlnvay construction or by implernentation of ma·ss trans-
-fJ' ,L_,, • 

.. :¡ ' ,_ 
port'ation systern~. The second alternative is to attempt to restrict the 

demand for 'transportation so that facilities do not become overloadcd. 

This could be accomplished in three ways: 1) the existing transportation 

facility could he made moie costly to use, e.g. by the imposition of tolls 

or: !>y allmving congestion to develop, thus imposing a time penalty on users; 

2) J.and deve,lopment controls could he imposed, thus reducing (or sl mvin g 

tht groHth of) trip generating activities; and 3) a mixture of these t\vO 

acticns could he implemented. Finally, a mixture of the two hasic alterna-

t:ives could he attempted, \vhere an attempt would he made to cope with a 

certain aJ!!ount of transportation demand (by improving transportation 

facilities) at the same time that an attempt was being made to control 

its' increase. To surranarize, the essence of this problem is controlling 

(i. e. altering, directing, and modifying) the spatial organization of the 

metropolis. In particular, the concern is with i ts spatial expansion and 

with the feasibility of balanced development of land use and transportation 

facilities. 

The inherent cOMpl'exity of a comprehensive .analysis of both transportation 

and land use, along \vith the requirement that the analysis method be capable 

of providing a self-consistent procedure for testing the sensitivity and 

response to integrated transportation and land use control policies strongly 

suggest the developme11t of integrated transportation and land use models. 

Serious efferts. to. construct urban land use simulation models began in the 

early 1960's. In al·l of these efforts the relationships between transportation 

and land use were only partially represented', In each case, 'a matriK of 

1zone-to-zone impedances was input to a land use model. These impedances 

e\ 
r­
·' 



were measures of the difficulty of interaction between activities located 

in di.fferent zones. Depending upon the availabili.ty of data, tr;~vel times, 

travel costs, or airline distances (or various combinations thcrcof) were 

!.!sed as impedances. The impednnccs '\-YE:re the only li.n!t between tran:..portA· 

t:ion and land use in these modelling effors. 

During this same pe:riod the mode:lling of tr21nsportation (cspecilliJJ .. y 

h:i.gln.;ray) net<;JOrks progressed to the point of xather routine applic.at:i.on 

of trip gener'ation, dist~:ibution .smd .assignment program packages. The 

connection from the land use. distríbutions to these transpoy:tatio':l models 

'W'as $ :!mply the input of the land use data te the network model packag~. 

In the trasnportation .and la-nd use literature of the 1960 6 s and 

early 1970 ~s one will find occasional references to the desirability of 

more fully integrating laud use and transportation model::; (not to :menL~on 

planning). This integration of models would attempt to eliminate th·e 

principal failing of contemporary land use or transportation studies, by 

explicitly including feedback loops. Typically, a transportation study 

assumes a future land use pattern as given, and designs a trans_portation 

systeJ11 to cope with it. 1'his procedu-re ignores the red istributive effec;ts 

which are produced. by the construction of the system. Transportation 

syst~ns obviously do not just suddenly appear but are constructed in stage3 

with consequent rcdistribution of activities all during the period of 

construction. The typical land use study accepts a transporl:ntion system 

as given, and then estimates the consequent distribution on the network. 

An integrated model package Hould atte.rnpt to capture the interrelatedness 

of the transportation systern and the distribution of activities. 

The integratlon of a transport:ation net\vork modcl with a lnnd use ,modcl 

· is, in princip1c, a rather straightfon..rard matter. Consider the problem ,of 
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forccastíng the future distribution (e. g. spatial pattern) of populatíon 

andi·pl;li)loyment in an urban area. We are given a description of the 
'· 1 

t:ransportation '!letwork which will exist at that future time, along with 

regionwjde projections of population and employment. Further we know, 

for a specified base year, the population and employment distributions 

and the trip patterns. 

We begin the forecasting process by loading the current trip pattern 

on the projection year network using a capacity restrained assignment 
1 

pr9ccdure. This·yields a~ estímate of travel times on the future nenvork 

in the unlikely event that both the region's activity levels and distri-

butions remained unchanged from the base year. These travel times are used 

as input (in the forro of a zone-to-zone impedance matrix) to the land use 

model, which produces the first estímate of the forecast year actfvity 

distributions. The activity distribution is, in turn, used to make the 

first estímate of the forecast year trip pattern (origin - destination 

matrix). 

The second iteration begins with the assigning of the first estirnate 

of the forecast year trip matrix to the forecast year network (the base 

year trin~ having been previously removed). This yields a second, and 

morí:! 1 jke:!:y, estímate of travel times on the forecast year network. 

Thes e travel times are then input to the land use model which produces 

a second, revised, estímate of the forecast year activity distributions. 

The activity distributions are thelllJ used to generate the second, revised 

estímate of the forecast year trip pattern. The entire process is then 

repeated, until an equilibrium is reached. 

It may be helpful to consider this process with the aid of the 

following block dlagrams. First, in Figure 1 we see simplified represent-

ations of a typical transportation planning process and a typical land use 
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pl:anning process. 
' 

\: Ín ·Figure 2 we ,see how these two processes may be linked, first by 

using the outputs of the transportation planning process as input to thé 

land use planning process, and second, by using the outputs of the land 

u~~ planning process as input to the transportation planning process. 

Having shown this connection, it becomes clear as to why it may be necessary 

to iterate (i.e. repeat) the steps in the process severa! times befare 

colT'jng toan equilibrium solution. 

ln Figure 3 we see a translation of the integrated transportation 

planning and land use planning processes into a set of model procedures. 

First a set of base year data on both land use and transportation is used 

to. estímate a base year O.D. trip matrix. These trips are then loaded on 

(ass igned. to) the future year transportation network. The time and cost 

characteristics of this partially congested network are used, along with 

regional economic forecasts, as input to forecasts of the future year 

land use pattern. From these future year land use forecasts, we obtain 

a future year O.D. trip matrix. These estimates of future year trips 

are then assjgned to the guture year network. It is certain that at 

least two cycles through this process will be required. After these first 

two cycles the results (forecasts) are checked for equilibrium, after which 

thc process is terminated. 
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The f~rst opersticnal version of ITLUP followed the ahove procedure' 

rathcy- closely. In that version of the package, the network model used 

an :i_ncremental tree-by-tree, capacity res trained ass ignment algorithm. 

~·he bas ic employment d is tribution was an exogenous input. The ·populatior, 

tmd nr:n-ljas ic cmplo}ment d is tributions were es timated wi th a Lcwry-der:i·w-:.t ive 

modcl (a modified versiou of the incremental PUJN wodel). 

Pollcy and sensitivity tests wer.e r1.m with this version of ITJ.UP. 

'!he most i'ltpbrtant methodological conclusion from this work uas .c: d.e.f!r 

l!llÍsts, Use of the saxrye land use model in an unintegrated non-.iterat:í~e 

forccasting procedure yieldcd less eccnrate forecasts than t~ose obta1nad 

from ITLUP'. The most :Lnport.ant substantive conclus ion from this work tll'as 

thst:: improvements in a region' s transportation system will ~ in the absen~e 

of coordinated land use controls ~ usually lead to further u¡:-ban spra-wi :h"'!d 

congcstion along with continual demand for new transportation improvements 

which will serve to repeat the cycle. The reverse was also found to be 

truc; allowing the development of transportation congest ion reduced tend-

encics to urban spral and led to the development of a regional pattern of 

1 
clustcrs of denser development. 

Since the publication of the initial results from ITLUP, considerable 

2 
additionnl \olork has been done. Subsequently other researchcrs have 

1 
Putman, S. H. (1973) "The Inter!'elationships of Transportation 

Developmcnt ami L:md Development 11
; 

Putman, S. H. (1974) "Preliminary Results from an Integrated 
'I'ransportation and Land Use Models Package 11

• 

2 ' 
Putman, S. H. (1~'76) "Furthcr Results from the Integrated Tron~ ~ 

portation :md Land Use Model Package (ITLUP)'". 



pu_l~1i~hed ·findings 'vllich corroborate the ITLUP results.
1 

, .. 

_'{ :]:~; 1973 a~other project \vas begun, under N. S.F. sponsorghip, with the 
_,.j, ' 

intent of comparing various operational land use forecasting models~ 2 

During this project the res idential submodel of ITLUP was reformulated to 

11 f . l'b . 3 
a ow or ~ts ,proper ca ~~ rat~on. This reformulation was based on the 

. 4 
Wi1son maximum entrqpy approach. Further work with this form of the model, 

ca1led DRAM (Disaggregated Residential Allocation Model) has produced 

important reBults not only from the standpoint of parameter estimating and 

fo~ecasting, but for the more _direct integration of transportation and 

land use mod els. 

There appears to be a great deal of misunderstanding of the maximum 

entropy d~rivation of these new transportation and land use models. 

Fu~ther, it seems that sorne. of their more important implications are quite 

()\~E7rlooked_ in. U. S. ·planning practice. - Consequently, the next section of 

thi~ paper will present a simple and hopefully lucid discuss ion of the 

unde_rlying basis for these models while the following section will present 

an illustration of one such model. 

~atial Interaction Models and Maximum Entropy 

It is well known that the initial development of transportation and 

1 Berechman, J. (1976) "Interfacing the Urban Land-Use Activity System 
and the Transportation System", Journal of Regional Science, Vol. 16, No. 2, 
pp. 183-1%. 

Peskin, R. L. and J. L. Schofer (1976) "Assessment of Transportation 
Energy Conservation Strategies through Simulation"· presented at Fourth 
Inter-socicty Conference on Transportation, Los Angeles, California, July. 

2 Putman, S, H. (1976) "Laboratory Testing of Predictive .Land-Use 
Models: Sorne Comparisons 11

• 

3 

DRAM". 
4 

Putman, S. H. (1976) "Calibrating a Disaggrcgated Residential Model-

Wilson, A, G. (1970) Entropy in Urban and Regional Modelling. 
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land use models was largely based on the observed fit of these phe11omen& to ~ 

the Newtoni.an gravity model. While the descriptive validity of these 

gravily mo~els was reasonably good, a num,ber of pers istant doubts rcmainccl. 

One of the most serious of these» from a theoretícal point of vi~~. ~~3 the 

question of why human sp~tial interactions should resemble the internctlons 

of planetary bodies. 

1'he entropy maximizing derivation of spatial interaction models com­

\ 
pl~tely obvi.ates the use of the gr.avity model analogy. The derivation t.hus 

depends not on a rather implaus ible analogy to a phys ical phenomenott, hut 

onan.analogy with statistical mechanics. Further, it has been shoWr!l in the 

literature that several models which derive from concepts of micr;tJ~~economtc 

behav.t.or, e.g. travel cost minimizing and toa certain exteut marlwt~clc.:n-

1 
ing behaviors, are compatible with the maximum entropy approach. 

'!'he principJ es of the max imum entropy approach may be shovn with the 

2 
following simple example. Imagine s ix cmployed persons 1 iving in a res i-

dence zone i and commuting to varíous work zones j. Let there b~'one resi-_...,.... 

dence zone, i=l and three work zones corresponding to j=l, 2, 3. Suppose 

that the six workers are named A,B,C,D,E,F. We may no\o~ specify the or:i:gins 

and destinations of the worktrips of each worker. Each possible, fully 

described, system of a) origin, b) three destinations, and e) six worlttrips 

with their origins and destinations may be called a microst9t_e of the 

system. Six of these possible microstates are shown in Figure l. Thcre are 

obvi.ous ly very many micras tates of even this simple system. 

1 
Senior, M. S. (1973) .11Approaches to Res ident ial Location Modell ing 

1: Urbnn Ecological and Spatial Interaction Nodels (A Review) 11 EnviroumC:'nt 
nnd PJ<lnnjng VoJ. 5, pp 165-197. 

Nijkamp, P. (1975) "Rcflect:ions on Gravity and EntTÓpy Modcls" 
Regional Scí en ce ami Urban Econornics, Vol. 5, pp 203-225. 

Choukroun, J. M. (1975) "A General Framework for thc Develonment of 
GravHy-Type 'l'rip Distr i hu U on Modcls" Recj on!ll Sci.cncc and Urbnn J<:conGm i es 
Vol. 5, pp 177-202. 

2 
Drawn in part from Senior (1973), op.cit. 



Mlcrostate 1 Microstate 2 

8 

Micras tate 3 Microstate 4 

8 
Microstate 5 Microstate 6 

Figure 1: System Microstates 



.Let us now consider }!icrostate 1 where the trips between i and j=l 
1 

-are 3; between i and j=2 there are 2 trips, and the total trips between 

'i and j=3 are l. Microstate 6 may al so be seen to have h is -same d istribution 

of tr.ips, from i to j=l there are 3 9 i ..... 2=2? i-o3=L Clesdy there are -many 

microstates ,.;hich could be drawn and which would have this same arrange~ 

ment of total ·trips. This particular arrangemcnt of zone~tc·-zowe trips 9 

if described .independently of which \-lorker is maldng \lhich trip, may ,be 

\ 

called a n1esostate of the system. Four n . ..:sostates of the system are shOl<Jn 

Comparing Figures 1 and 2, it can be seen that Nicrostates 1 and '6 .,ll.!."e 

possible microstates of M~sostate A. Microstote 2 is a possible microst~tc 

of :Nosos_tate" B. Microstate 5 is !:!.2! a possible microstate of Mesostate 'D. 

Thus each mes os tate describes a set of poss ible microstates. 

If we nm-1 cons ider that there might be several -res idence zones in 

addition to the one which has been used in .this example then a more aggregate 

level of de:>~cription of the system would be, the total t.dps leaving each 

origin and the total trips arriving at each destination. Let us assume 

that t:\-10 workers live in zone i=2 and four \-lorkers live in zone i=3 in 

addition to the six already defined as living 'in i=l. Further .assume tlwt 

these additional workers are named G,H,I,J,K,H. 

A ·microstate of this newly expanded system would be a ·1ist o'f ·the · 

origins and destinations of the worktrips of each of the t\-Jelvé \v'orkers. 

A mesostate of this system would be a list of the total number of worktrips 

from each origin zone to each destination zone. Finally, a macrosta,t,e of 

·this expandcd system i& ª list of the total trips leaving each origin and 

the total trips arriving at each destination. Figure 3 shows four.macro~ 

states of the expanded system. 
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3 trips 2 trips 2 trips trips 

Mesostate A Mes os tate B 

o o j·~ 
O trips 4 trips O trips 3 trjps 

Mesostate C Mesostate D 

Figure 2: System Mesostates 
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Referr1.11::; to Figun- J, Macros tates 1 and 2 with six trips leaving 'i=l 

cuntain oll the previuuc examples of microstatcs and mesostates. Macrostates 

2 !!nd 3 ·\vith the trips leaving i=l not'equal t0 six, correspond to other 

system states which do not include the microstates and mesostates given ~s 

examples. We should also note in passing that one could have defined a 

ma~_r9state for the example of a single originused at the start of this 

discussi9n. This would have been in a sense, a degenerate case, as the 

trips leaving the single origin would always have been equal to six. 

In operational urban simulation models virtually no attempt is made 

to simulate at the level of microstates i.e. individual behavior. Most of 

the mo~els operate at the mesostate and/or macrostate level. The entropy 

approach deals with these, and requires two key assumptions. First, all 

microstates are assumed to be equally probable. Second, the most likely, 

mesostate or macrostate is assumed to be the one with the greatest number 

of possible microstates. 

We may now easily derive a spatial interaction model. 1 First, defining 

· .. he variables. 

.T .. 
• ~ lJ 

,,o. 
1 

D. 
J 

.· cij 

e 

= 

= 

= 

the number of workers living in i and working in j 
(this is the variable to be estimated) 

the number of workers living in i (a given) 

the number of jobs in j (given) 

the cost of t ravel from i to j (given) 

the total trave 1 expenditure of the system (given) 

In additjon there are several constraintson the system. First, the 

sum over all j destination zones of all trips arriving fro;m zone i is equal 

to the total trips leaving i. That is 

1 Wilson, A. G. (1970) Entropy in Urban and Regional Modelling Pion 
Limited, Lonrlon pp 1-14. 
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j ~J 

o. 
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(1) 

Second, the sum over all i origin zones of all trips going to j ís equBl 

to the total trips arriving in jo 'fhat is 

LT .. :.: D. (2) 
i l.J J 

l''jnally, the total travel cost is equal to the sum of, the tri,s hct'We~'n 

each i- j pé.l ir times the cos t of travelling bctween that pa ü. 

That is 

(3) 

--Nm-1-,-tne most probab]e mesostate is the one wíth the maxiff:ll![m nt:lmber of 

pos si b le m icrps ta tres-,-sub-j~ct --ni-const ra int---s-(T)-,-(2) • a m"' (3) . Con s.eq~wn t ly 

what is desired ~s the description (i.e. equation) of the matrix {T .. } vhich 
l.J 

has the greatest number of microstates, i.e. the greatest number of ways, 

W({T .. }), of getting {r."} given the constraints. The number of ways of get-
. l.J ~J 

ting,{Tíj}is a problem of combinations of individual workers to given origln-

destination pairs, The microstates in Figure 1 represent six of many ?ossih1e 

combinations of one origin, three destinations, and six workers. If T is 

the total number of workers, i.e. 

T = LO.= Í:D.= 
i l. j J 

then by combinational theory 

For the Figure 1 example: 

i=l j=3 T=6 

LLT .. 
. . l.J 
l. J 

(4) 



' 1 
Then 

W({T .. l) 
lJf 

6! 

And, if we wish to know the number of microstates for Mesostate A in 

Figure 2. 

720 
= 6 (2) 60 

The number
1
of microstates for Hesostate B in Figure 2. 

wc{T .. }) = 
lJ 

6! 
2! 2! 2! 

720 = 90 
8 

~y trial and error, one may substitute values in the denominator of this 

equation :md discover that the minimum value of the denominator (subject 

Thus the maximum· value of W is 90, which suggests that in the absence of 

any further informati~n about the system of our example, the most probable 

mesostate is when the six trips are evenly distributed to the three 

destinations. 

We recall hmvever that the it is the equation for the T .. which we 
lJ 

are trying to determine. Consequently we must maximize W({T .. }) as given 
lJ 

in equa'tion (4) subject to the constraints (1), (2), and (3). This is 

matheméltically possible, and involves the use of Lagrangian multipliers 

2 
and Stirling's approximation to the numerical value of large factorials. 

The resuJt gives 

where 

1 

T . • = A . B . O . D . ex p (-. {3 e .. ) 
lJ l J l J lJ 

A. 
l 

1 

LB.D.exp(- {3c . . ) 
j J J lJ 

(5) 

(6) 

Note 6! means 6 factorial, which equa1s 6x5x4x3x2xl=720. A1so 
note ~1at O! is defincd to be l. Further note that ll is the product 
operator, as :Lis the sum opcrator. 

2 Stiriing's approximation for 1arge va1ues of x yie1ds;lnx!=xlnx-x 
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and 

1 
B. = ----=-----

] LA.O.exp(-{Jc .. ) 
i l l lJ 

(7) 

W't,ere 8 ÍS 8n empirically derivei p<lt"<lmE'ter, Ot' if C in CC(Ucf:ion (:.J) "~!CTS 

known, 8 could be solved for numeric:ally. 

Before proceeding, we shoul1 note th~t the name maximum ent~op¡ for 

this derivation st~1s from the facl that equation (4) is defined 8 in ,-
statistical mechanics ~ to be the entropy of the system. It is 9 o!' cotrrs~. 

equation (4) and therefore: the system entropy whi.ch 'We m.aximize to derive 

equations (5) ~ (6) and (7). At this same point, it must he mentio;¡¡ed th~t 

there are al ternat:ive interpret;;¡tions of entx-opy which ntt~y be us,ed" FJtl\J¿!'l 

a practical poínt of view the results lead in the same direc-tion ~,rhich li!:: 

that a spatial intcraction model l11hose cquations resemble the trad:itional 

gravity model may be derived from assurnptions whích do not include any 

reference to Newtonian gravitational phenomena~ but which do refer to 

probability statements and "rnost probable"distributions. 

Having shot·m the derivation of a spatial interaction model via the 

maximum entropy approach, we may also show its relationship to a transpor~-

ation cost minimizing approach of the sort which economists assert should 

constitute the underlying behavior of spatial interaction. A simple cost 

miniruizing approach roay be constructed as follows. Suppose that there are 

a given nurnber of trips D., terminnt:ing in all zones. Suppos e that e.ach 
J 

trip T .. has a cost e .. of travelling between i and j. The problem may 
l.J l.J 

tl1en be stated as: 

' 



Minimize: 

Subject to: 

L L T.;J· 
i j ... 

'\"' T .. = 1 l.J i 

r T .. = 
1] 

c .. 
l.J 

D. 
J 

o. 
1 

This is known as the ""transportation problem" of linear programming 

ancl often has additional constraints as part of the problem fonnulation. 

'- 01-1, consider the entropy maximizing approach a!; presented above. 

It may be shown algebraically that maximizing W is equivalent to 

max:i.rniz mg ln W and by further manipulat ion that 

/ 
T! 

W ({T. ·1 ) = 1T T ' 
l.J ij cj" 

Maximizing: 

i.s equivalent to 

Max:i.rniz ing: -¡ L T .. ln T .. 
• . J.] l.J 
l. J 

Further we note that in general, maximizing a function is the same 

as minbnizing its negative. That is 

Max: f (x) = Min: -f (x) 

Consequently, the entropy maximizing approach may be rewritten as 

Minimize: 

Subject to: 

L L T .. ln T .. 
i j 1] l.J 

"T .. =D /i l.J j 

" T •• == O l. l.J i 
j 

¿ ~ Tij ciJ" = e 
i J 
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Suppose now that for a parcicular problem situation there is a minjmum· 

numerica-1 value M, of entropy for· this problem. Then we m~y consider thc 

relationship between· the cosf;: mínimízing formulation and the entropy 

oninimizing formulation in "the. following problem statement. ~:here· we sd.mpty· 

sdd one more constraint to the cost minmizing problem" 

1 
Subject to: 

¿ j T •• e ... 
i j l.J l.J 

'"'T .. "'D 
L. l.J J 
i 

L L: T. . 1 n. T-. j ~ M 
l.J l. 

As this last constraint is non-linear, the solution of theproblem in this 

fonn is quite difficult. Hmvever, its stat:ement in thi~ fonn shows that·-

the- entropy constraint smply adds a "noise 11 level into the cost miniínizfng 

problem. Obviously, if M = o, ther is no 11noise" and thus· the expected· 

spatial interactions will exactly equa-1 the cost rninjmizing solution. 

At the level of detail approRriate to land.use· and. transportat~on 

modell ing, say 100 to 200 zones for a rnetropoii tan area of sever::.-1 c:ountfe~;, 

the entropy derivation seems relatively satisfactory. Thought. of; in tenns· 

of viewing the metropolitan area from about a mile above it·, the- statísti·cal 

mechanics, most probable d istribution,. is· a very, reasonable t<~.ay· to describ~~.~ 

the observable phenomena. 

In. the next section, a residential allocation model based on these 

principals will be developed. This will. be followed by a discuss'ion· and·:· 

numerical example of its proper calibration. 



A Simpl~ Residential Location Model 

In developing equations (5), (6), and (7) it was assumed that both 0 1 

(number of workers living in area i) and D. (number of workers employed in 
J 

area j) were known. In a residential location model we are trying to 

estímate O .• We therefore replace O. in those equations with W., a measure 
1 1 1 

of the residential attractiveness of area i. When we do this we eliminate 

the need for 1the origins balancing factor A .• This gives the following 
1 

equat1ons: 

T .. = B.W.D.exp(- ~c .. ) 
1J J 1 J 1J 

(8) 

whert: 

B. = 
1 (9) 

J ¿ W.D.exp(- Se .. ) 
i 1 J 1] 

But, T .. is the number of workers living in are a i md working ~n are a 
1J 

j. 

We wish N.' the number of workers livtng 1 
_i.n area i, to be the dependent_ 

variable, so we sum over a 11 workplaces. This gives 

N.= E T .. =¿ B.W.D.exp(- 8c .. ) 
1 J' 1J . J 1 J 1J 

-J 

(lO) 

If we now suostitute equation (9) into equation (10) we get 

[ 

W.D.exp(-Bc .. )] 
N. =E 1 J 1J 

1 
j E W.D.exp(-Bc .. ) 

i 1 J 1J 

(11) 

and, s implifying this e~quat ion, we get 

Ni = ~ Dj [E :i:::::::ij:] 
i 1 1J 

(12) 

It may be helpful to note that the term (fraction) within the brackets in 

equation (12) is simply the relative attractiveness-accessibility of an 

individual area i compared to all other areas in the region being modelled. 



Thus equation (12) is merely stating that the number of workers living in j' 

is the sum over all J of the workers employed in each j times the probllbility 

that workers employed in that j will live in i. 

An ohvious question here is how to measure the attractiveness Wi c•I ~:,H.:h 

area i? Nany such measure!i have been proposed. Current work with a '1/:C:'rs ion 

of, this model indicates 'that a desc:c.iption of the prior (base ycar) ho'"'sd10ldi 

compositi.on ~f area i along with a measure of the available lana and i:ts 

degr~e of development provide an adequate description of the area's attrac­

tivene!:s.1 At this poiat a numerical e:x:ample of the model may be helpfu1 to 

undcrstand1ng its operation. 

Assur•Jt; a region d ivided into three zones. In eaeh of thesG :l::ones there 

is a known quantity of employment. 

·- ~ ·- -··---.... -- .... --··-----·· 

Suppose further that the cost of trave1 between zones is given by the 

fol1~wing matrix. 

Zone 1 2 3 

1 1.5 2.5 4.0 
1 

2 2.5 2.0 3.5 

3 3.0 3.5 1.5 
1 

1 Putm3n, S. H. (1976) "Calibrating 11 
• o • , op.cit • 



~ext, vle assume that sorne mcasure of residential attractiven~::ss has been 

de[ined for each zone, based perhaps on its population composition and, say, 

density. Só, w
1 

= 3, W
2 

= ~. W3 = 5. 

Fina11y, without discussing how we found its va1ue, 1et us assume that 

the va1ue of S is 2.0. 

We may first ca1cu1ate the matrix of exp(-2.0c .. ). For examp1e when 
1J 

c .. equa1s 1,5 then exp(-2.0xl.5) = exp(-3.0) = 0.0498. So, filling in the 
1J 1 

ne\v matrix of exp(-2.0c .. ) 
1J 

Zone 11 1 2 3 
1 

1 
i! 

0.0498 1 0.0067 1 0.0003 

2 
1 

0.0067 0.0183 0.0009 

3 1 0.0025 0.0009 0.0498 
11 

Starting with the first zone, we may now calcu1ate its emp1oyed 

Nl • D ~ 
w

1 
exp ( -2. Oc

11
) 

+ w3exp(-2.0c31)] 1 H
1
exp(-2.0c

11
) + w2 exp(-~.Oc21 ~ 

0
2 ~l exp( -2 .oc12) 

w
1
exp(-2.0c

12
) 

+ w
3

exp(-2.0c
32

)] + w
2

exp(-2.0c
22

) 

03 [w1 cxp ( -2. Oc
13

) 

w
1
exp(-2.oc

13
) 

+ w
3

exp(-2.0c33)] + w
2
exp(-2.0c

23
) 

Numerically this is 

N = [ 3 (O. 0498) J 
1 

100 
3(0.0498) + 4(0.0067) + 5(0.0025) + 

[ 
3(0.0067) J 150 

3(0.00.67) + 4(0.01.83) + 5(0.0009) + 

" 

[ 
3(0.0003) . J 200 

3(0.0003) + 4(0.0009) + 5(0.0498) 

residents~ 

+ 

+ 



= 100 [0'.1494 J + 150 [0.0201] + 
Nl 0.1887 0.0978 

N
1 

= 79.17 + 21.58 + 0.71 = 110.7 

Similarly "'e may calculate 

N· = 210.0 
3 

200 [0.0009] 
0.2535 

31 

Thus we have 111 employed residents in zone 1, 129 in zone 2. and 210 

in zone 3. Note that without using a regional control total for employed 

residents, their sum is 450~ the number of persons employed in our closed 

region. To get total population from employed residents regiunal or zone-

specific multipliers are used. 

Policy tests may be made with this model by changing its inputs. 

Suppose, for example that a transportation improvement between zones 1 and 

2 produces a 0.5 reduction in travel cost between them, yielding the 

fol1owing cost matrix 

Zone 1 2 3 

1 1.5 2.0 4·-:o 

2 2.0 2.0 3.5 

3 3.0 3.5 1.5 

.~~calculating the employed residents yie1ds 123 in zone 1, 117 in zone 2, 

and 210 remaining unchanged in zone 3. 

Another policy might result in 50 jobs moving from zone 3 to zone 2. 

This gives D
1 

= 100, D
2 

= 200, and n
3 

= 150. 

If, using the original travel costs, this new employment distribution 

~as used as input the resu1ting distribution of employed residents would be 

121 in zone 1, 166 in zone 2, and 162 in zone 3. 
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Coll.lHation of the Simple Residential Model 

In the numerical example above, the value of S in equation (12) was 

assumed to equal 2.0~ In model calibration the value of 8, plus other 

parameters which may appear in more complex forms of this model, is precisely 

what needs to be estimated. 

Considera situation where the employed residents, residential attrac-

tJveness, employment and zone-to-zone travel costare known for a given set 

of zoncs at a given point of time. We are interested in finding the value 

of 8. Due to the nonlinearity of equation (12) it is not pos~ible to use a 

stAndard regression procedure to find S. What is required is sorne form of 

non-lineai search procedure which finds a bcst value of ~ in an efficient 

fas h io1~. 
,. 

Hriefly stated, let N. be an estímate of N. as per, 
1 1, 

,. [ W.exp( Se .. )] 
N.=¿D 1 1J 

1 
j j ~ W. exp ( S e .. ) 

i 1 1J 

(13) 

Then we must define a criterion to describe how closely N. is malched 
1 

by N., and then find the value of S which produces the best possible valuc 
1 

of the criterion. 

There are severa! different criterion functions which might be chosen, 

2 
such as R , maximum likelihood, or mínimum relative error squared. There 

are arguments for and against different criteria in different problems. We 

will continue the discussion based on R
2 as a criterion. This may be defined 

as: 

where, again 

. 1 1 
1 

[

E (N._ 'N.) 
2
] 

'(14) 
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Ni = observed ernployed residents in zone i 

"' Ni = estimated ernploycd residents in zone i 

Given this function one may find a A whic:;h maxi.mizes R
2

, by .a tria1 st.d 

error proccdure. In actual practice this would be a tircsome pl:"occdurc 

A more efficient alternative would be to use gradient search. 

The gradient of any function may b~ calculated frl1m the partial 

de~ivatives of that function with respect to each of its variaules. Fe~ 

example, for a given functiou) say 1"(x,.y~:c:)~ tlle g!"ttdient vr is giwen by 

Note that each term in the above vector has been multiplied by a 

constant (the directional unit vector) in each coordin.ate direction. Now, 

suppose we let 

then 

w = f(x,y,z) 
2 2 

=x +y -z 

2x; aw -- = 2y; aY 
aw = -1 
az 

If the directional unit vectors in each coordinate direction are 

"efined as i, j, and k respectively, then 

vw = i2x + j2y - k 

Thus, the gradient is a vector orthogonal (at right angles, or perpen-

dicular) to a particular mathematical surface. If the gradient ís projectcd 

back on the mathematical surface, it points in the direction of steepest 

as.cent. More s imply, grad ient search i~'> a sophisticated "hill climbing" 

proccdure. 



In doing a gradient search the gral' ient, V, of the criterion, \IIÍth 

respect to the parameter(s), must be found. For our case, 

- 2 E (N.- N.) l. l. 
i 

(15) 

To continue, we refer to equation (13) and to simplify the notatíon, 1et 

W.exp (Se .. ) -L .. 
1 l.J l.J 

r W.exp (Se .. ) ..... M. 
~ l. l.J J 

Now, substituting equations (16) and (17)_into (13), 

,. [L··] 1, - ___u_ -N. - E D. M - E D .L .. M. 
l • J . . J lJ J 

J J J 

Theu, taking the partia1 derivative 

-- = ¿ D . 1 M. --- + L .. 
o~i r -1 (aLi;) -(a<M~1 ))] 
08 j J l J oS l.J aS 

Again, taking the partia1 derivative 

. (16) 

(17) 

(18) 

.' 



CIL •• 
__1;,J_ - -" - W .e .. exp( Se .. ) ,., . l. l.J l.J as 

and substituting again from equation (16) · 

aL¡; 
~= 

.A 

a e 
c .. L .. 

l.J lJ 

Again, taking the partial dcrivative 

-1 a (M. ) 
- 1 

A 

CIR 

\ 

<= -
-2 n 

M. E W1 ck.exp(-Bck.) 
J ·k K J J 

and substituting again frcm equation (16) 

Now, substituting equations (20) and (22) · into' (18), 
,. 

{)Ni ~ -1 -2 ~ ;--8 = E D . M . e .. L. . + L .. (-M . E e L ) 
o j J J !.J l.J lJ J k kj kj 

= L: D.L .. M. c .. -M. E e L -llr el ] 
j J l.J J l.J J k kj kjj 

'l'his result can then be substituted back into equation (15) 

cij -~ e~~\)]}/ 
- 2 J ¿ (N.- N.) 

. 1 l. 
l. 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

to yield 

(25) 

Now, a numberical example may set·ve to clarify the purpcse of the:;e 

machinations. 

Let us begin with the following "obs erved 11 data. 

D
1 
= lOO w = 3 

1 N1 = 111 

D2= 150 w = 4 2 N
2
= 12.9 

D3=. 200 w = 5 3 N3= 210 



and 

en 1.5 c21 2.5 c31 == 4.0 

c21 2.5 c22 = 2.0 c23 = 3.5 

c31 = 3.0 c23 = 3.5 c33 = 1.5 

This data set represents the data which would nonnally be collected for 

use in calibrating an actual land use rnodel. The question in such a 

case would be to detennine a value of S that would give the best fit 
.,. 

between the models est imates of N. and the obs erved N. values. In 
~ ~ 

this exarnplc, we knm-J that a vaJ.ue of -2.00 for !3 l-Jould give a perfect 

fit. (Because, the observed N. in this exarnple \-Jere obtained in the 
~ 

previous pages by actually working through the rnodel with a va1ue of 

J(1 

-2.00 for S·) He may begin wfth a trial value of -1.00 for 8. With this 

we get: 

N. = 101 
~ 

132 

We may then calculate the R
2 

bet\-Jeen these estirnated N
1 

and the N
1 

obs e-nred. 
2 . 

Wl1en we do, \-le get R = 0.97455 and, ~f w'e also ca1cu1ate 

2 2 
VR , we get -0.01882 as the value of the gradient of R . This tells us 

to rnove ,the value of B in a negative direction in arder to improve the R
2

• 

Sur.pose, then we try a new value of -1.52 for B. lVith this \-Je get: 

If we then calculate the R
2 

bet\-Jeen this second set of estimated N. and 
·~ 

the 

the 

2 N. observed, we get R = 0.99216 and we get a value of -0.3306 for 
~ 

r,rad ient of R
2 

TI1is tells us that the R
2 

has improved, b'ut that it 

can 'be further irnproved by moving B further in the negative d irection. 



Suppose that we now take a new value of -2.52 for 6. Then we get 

We then calculate R
2 = 0.99486 and 0.01556. for VR..,. AgS&in~ we havc 

¿;, 

an improvement in R2 ~ but now the gradient tell.s us to make a posit:ive 

increment in S in order to get ~ better R
2

• 

At a val. u e _of. -2.12 for B, we get 

'A 

N = 112 
1 

N,, = 130 
¿; 

'"" 
N = 208 

3 

37 

2 2 
lJe calculate R ""0.99953 .and~ = 0.00591. So, we take .onoth..er positive 

it~p. At.fl value of -1.96 for B~ we get 

And, we calculate R
2 = 2 

0.99995 andVR = -0.002340 

Finally, a small negative step to -2.00 for S yields 

N
1 

= 111 

2 2 
And, R = 1.00000 and VR = -0.00000. Thus, we are at the optimum or 

2 
maximum val u e of R , as a funct ion of B. 

l1tere are, of course, a number of ways to make this pro.c:edure ~ore 

efficicnt, but the principie remains the same. There are also choicas· to be 

made as to search strategy. For example we could search to maximiz~ the' 

valuc of R
2

, or we could search to minimize the value of VR
2

. We shotild 

2 
l'Ote also that for actual data sets we do not cxpect to get an R = 1.00~ 



2 rather we continuc the s earch procedure until we get a Q R ~ O. O and• 

assume that this i.s the best. set of parameters which can be gotten for 

the given model cquation and data set. In practice, the use of these 

search programs is no more difficult than the proper use of standard 

multiple regression packagcs. 
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Integrating Transoortation and Land Use Forecasting 

The simpie residential rnodel derived above illustrates the gen2ral 

~tructure end an appropriate calibrution ~roccdure for more sophist{co~cd 

operation~l moclels of the same form. One such model is DRM1, mentiont:d ,1( 

the b.::¡ginning of this paper. Developed from the general principles descri~ed 

above and calíbrated as shown, DRAM has 'yi.elded cons.istent sets of pal"'"•mctcts 

and reason~'bly good data fits for five different U.S$ metropolitan are.ils in 

the 19601 s or 1970's plus a most interesting (and itill consistent) set of 

resu~.ts for nineteenth centucy P'hilaut:lphiao 
1 

It is this model \\Jhich js nm11 

in.cluded in the Integrated Transportation and Land Us·:?! ll>.ackqge ~ ITLUP" 

The·direct connection of the land use and transportatim1 models ~hould 

\ 

lavW be ·eas ily seen. Any Lowry type res idential model allocat.es emp1oy¡ees to 

place of residence. In so doing it generetes an implicit matrix of~ork 

trips. If such a model is not described via entropy-maximizing it is never-

theless poss:i.ble to extract this implicit work trip matrix, apply 

conversion factors to put it in terms of vehicle trips, and use these trjps 

to lo~d the nctwork. (He note that shopping trips may be derived in a 

similar fashion.) This is what was done in the earlier versions of ITLUP 

where a modífied PLU:H model was used for residential locations. If an 

entropy derived model is useá for residentia1 'location, then a similar trip 

matrb( is an explicit part of the model fonnulation and operation (see 

equation ( 8), f~r example). In such models this trip mntrix~ again 
' . 
1 

by conversion factors frorn person-trips to vehicle trips' may be 
1 : 

modífied 

token directly from the model run and loaded on (assigned to) the trans-
1 ' . 
1 

1 Putman, /s. H. (1977) "CaliLrating a Resi.dential Location Hode'l fr;r 
Nineteenth Century Philadelphia" Envjronrncnt and Planni_ng, forthcoming. 

1 
1 



portation network. 

Thc sirnplicity of these statements is, in a sense, anticlirnactic.'~ 

This is the way to link land use and transportation models. Once the struc-

ture of these land us~ models is understood, the linage to transportation is 

' both obvious and inescapable. While the addition of land use models along 

\,•ith the use of capacity restrained networks and feedback from congested 

networks, may seem to be an awesome increase in model complexity, our 

\lorking experience \.Jith the model package suggests otherwise. We anticípate 

the eventual inclusion of similar land use models in standard transportation 

planning program packages such as the tiTPS. Once the normal feelings of 

uncertainty about neH techniques are overcome, their use will be seen to 

be quite straig11tfoT\.Jard. 

The ability of such integrated model packages _to l''·operly represent 

important metropolitan level phenomena normally overlooked by separate land 

use and transportation models suggests they \vill play an important role in 

metropolitan regional planning in the coming decade. 
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Introduction 

The purposes of the research described here were to first review the 

status, and second develop a framework- for comparison and testing of urban 

simulation models. 

The development history.of these models in the past twenty years has been, 

cyclical. The initial model attempts began in the early ¡960's and built to a 

crest of activity over a five year period. There followed, in the late 1960's 
1 

and early 1970's a decline in modelling efforts in the wake of the many dis-

appointments of the early work. Since the early 1970's there seems to have 
. 

been a slow resurgence of model use and development. 

Real progress in urban modelling can only be accomplished b:; a continuing 

process of model hypothesis and development, and subsequent model applicatirnt 

and evaluation. Concentration on any one aspect of this process to the ex-

clusion of the others probably causes no real harm, but may be an inefficient 

use of resources. Theory construction and statistical inference can never 

•¡holly substHute for empirical research. When this is attémpteci one is soon 

confronted by increasingly complex theoretical structures w,hich simply cannot 

be supported by existing empirical foundations. Thus periodical evaluations 

and winnowing of previous results is a necess~ry part of the model development 

process. 

Review and Selection of Models 

1 
There have been a number of good review articles published in past years. 

1 
Batty, M. (1972) "Recent Deve lopment in Land Use Mode 11 ing: A Rev iew 

of British Research", Urban Studies, Vol. 9, No. 2, pp. 151-177. 

Brown, H. J. et. al. (1972) Empirical_Model~ of Urban Land u~e New York: 
Columbia Univer.5ity Pre~s. 
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Sorne further review work was done for this project and has been publíshed 

1 elsewhere. At the conclusion of the review .ft was decided that only the 

principal .location aigoríth~(s) of the models would be teó.tf:ó" Thug r-~on~ 

and less elaborate post-.processing procedures, often feund B.ttached t•o t'h~s.e 

modelst would be removed, allcv!.ng explicit evaluaticn of the rnoe.~ 1 ~~ l~as:ILc 

ccmstruct. 

'fhe models reviewad D virtu:2<lly all those for whid1 .any pu'Olish-2d d2-

s cr:ií.ptions were availaole » we:re class ified into four brosd gr0ups. 

'l 
The Loury deri.v.ative models - this is now a large grou:p of moJels · b.as~d 

of-;::es idence, and in scme cases, shopping-place. Mos t of ches e .node ls 

dea1 with both residentia1-location and non-basic or popu1ation-serving 

types of emplo~1ent. A11 these models require an exogenous1y provided 

set of basic employment location estimates. 

H. The EMPIRIC mode1s - this is a scmewhat smaller group of many bpplicatiqns 

of the same model. 
3 

The model is a set of 1 inear d ifference equat íons 

with no exp1icit theoretical structure. The model applications involv~ 

statistical analyses of an urban data base, with th~ speclfic variables 

used in eaci1 application being determined as a consequence cf thef.r 

resu1ts. The models inc1ude both residentia1 location and the 1ocation 

of a11 types of employment. 

1 
Putman, S. H. 

of-the-A rt Summary" 
(1975) "Urban Land Use and Transportation Modeb .: A State­
~ransportation Research, Vol. 9, No. 2, pp. 107-202. 

2 
Goldner, W. (1971) "The Lowry Mode1 Heritage" Journal of. the American 

Institute of Plann~. Vol. XXXVII, No. 2 
3 

Hill, D. M {1965) "A Growth Allocation Model for the Boston Regiora" 
Journal of the American Institute of Planners,, Vol. 1, pp. 278-287. 



C. The research moclels -a small assortment of models Hith potential for 

application at sorne future time, but cur~ently in the development or 

pilot application stage. Examples of these are the revised Herbert­
e> 

Stevens model, the Natiooal Bureau of Economic Research (NBER) model, 

and the Birch mode l. 1 

3 

D. A miscellany of other models - a group of models proposed but not imple-
1 

mented, implemented but not successfully, implemented but too complex or 

tailor-made to a particular circumstance to allow application elsewhere, 

and others s irnply not worth pursuing further. 

~aving grouped the models this way, it is quite clear that models from 

the last two groups were not appropriate for further investigation. The most 

useful comparison of models then appeared to be a comparison between· an appli-

cation of EMPIRIC and an application of a Lowry derivative model. 

The EMPIRIC model has been applied in a dozen or more major cities of the 

U.S. Any one of these applications would have been suitable for our comparison 

purposes. 

There have been almost as many applications of Lowry derivative models in 

majar U.S. cities. Of these, the most frequently applied model has been the 

Projective Land Use Model (PLUM) in any of its severa! versions. Consequently 

the initial intent of this project was to compare a version of PLUM to one of 

the EMPIRIC applications. 

1 
Wheaton, W. Jr. (1974) "Linear PrograiiODing and Locational Equilibrium" 

Journal of Urban Economics, Vol. 1, pp. 278-287. 

Ingram, G. et. al. (1972) The NBER Urban Simulation Model New York: 
Columbia University Press. 

Birch, D. et. al. (1973) "The New Haven Laboratory: A Testbed for 
Planning" Report to the U.S. Dept. of Housing and Urban Development. 



Comparison of Models: Parameter Estimati~:m 

The first comparison of the two models was to be with resDect to the 

difficulties .and relatíve success in estimatiug their parameters> Ihts aspect 

of the project led to one of its majar research findings. An¿;r carc'of:l~. r-eview 

of all LO\-'ry deri.vative appl.ications 'in the u.s. :It v!ds disco;;:::n~c t.r,:.;t Üi :1ll 

1 
but one case the model parameters had not been properly esti~atL~. ~ careful 

investigation ~as subsequently maóe lnto Lritish modelling practic~, where this 
\ 

problc:m had been identif.L~d and lu·gely resolved. This lcd to .a reíon1K118Jtion 

of. the versinn of PLUM o.dginally sc1-,eduled to be used in ;-he projecc, and the 

subsequent development of a nEw fonn uf the model, called DisaggregatPd R¿si-

dential Allocation Nodel (DRAM). DRAM •was uscd through<n.!t thf' 'f3•-:FdnJer l)f 

the project; it is further described in Chapter 2 and Append:Lx 1 of this 

report. 

The estimation of parameters for EHPIRIC was more straightforward and was 

accomplished using the same procedures as had been used in its various applí-

cations. EMPIRIC's parameters were reestimated for Boston, Hinneapo) 1:-:;-St. 

Paul, and Washington, D.C. DRAM's pararneters were est:imated for San Francisco 

and Minneapolis-St. Paul. Work uas also done .to secure other data sets for 

further paramet.er estimations in future project efforts. ln most- cáaes EMPIRIC 

yielded a slightly better fit to the base year data than did DRAM. This was 

accomplished by use of a much more ext:en~d.ve set of indepcndent VRJ."Íábles, but 

in the absence of any behavioral .::tructure to the model. DRAM, wid·¡ f:light.ly 

lower base year dat-'! fits, but with much reduced data input rcquirE.ulf'nts, is 

likely to produce better long term forecasts than EMPIRIC. More deta iled 

' 
results of these parameter estimatior.s are present:ed in Chapter 2 o.f this 

report. 

1 
The Voorhees Urban Systems Hodel (USM) c.pplication in the D:1~.Jas--Fort 

\-Jc.rth, Texas region. 



Campad son of Models_.:..__Sens j:..ti v lty_!_~~~ 

The parameters of both EMPIRIC and DRAM (plus an associated employment 

estimating model, EMPMOD) were thus estimated for the Minneapolis-St. Paul 

data set. Following this, the models' responses to both arbitrary changes in 

inputs as well as to simulated policy inputs were tested. Many of these tests 

were performed to test the models' responses to varying circumstances. Very 

important differences showed up in the models 1 per'formances in these tests. 

EMPIRIC showed rio population response to changes in base year population or 

employment, and employment response only to base year employment changes. 

E}1PIRIC showed sorne response to zone specific accessibility changes, but no 

response to regionwide changes. DRAM, in all these cases showed what appeared 

to be proper responses to all these changes in inputs .. These results are 

presented in more detail in Chapter 3 of this report. 

Con el us ions 

The principal conclus ions of the research effort are enumerated here. 

All ar~ described in more detail ~n the following chapters. 

l. Both models require substantial data preparation prior to their use. 

2. The parameters of either model can be adjusted to yield rather close 

statistical fits to observed data. 

3. Based ~n these fits, both models appear to be capable of making 

forecasts of urban forro in the absence of attempted policy manipula­

tions. EMPIRIC may have a slight advantage over DRAM in this respect. 

4. DRAM is clearly ·Superior with res pect to its response .to changes in 

inputs. This suggests a clar advantage over EMPIRIC whenever policy 

tests are contemplated, 

5. -'Test-ing different models on common data sets appears to be a powerful 

means for comparing models. 
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CHAPTER TWO: THE MODELS AND CAl,) FRATIONS 

The Mcdels BrieU:_x Described 

A brief description of the models used in the project is prescnted h~re, 

prior to discussing their cc.libration. 

are all expressed in tert'jls of regional ::ihare3. r"or ex.r.mple. ta~iar; ,¡•2·0"'-tativ•i 
1 

by zone.; 

'P., 

P. actual popui_ation of zone i 
l. 

1be depe~dent variables in EHPIRIC are expressed as ch.J;r~¡Sf:!> i~.11 2 ZGih3 's; 

share of the variable from time t to tim-e t+L For examplc, ag:?:i,,. taking 

popu la t ion. 

Finally, the EMPIRIC equation structure is simuitaneous, eaéh dependent 

variable bejng a function of other dependent variables plus several predet..o:nnin.ed 

variables (either lagged variables or exogenously detenníned variablt.s), 

More specific dáscussion of the actual variables used will be found in the 

next.section of this chapter. 

These definitions compr ise the Eull extent to which ENPIRIC h.:.>1> n:1y 

structure. The variables to be included in each equation are not pres¡:¡ecif-ieJ. 

Their selection is generated as the output of statistical analyses in 2ach 

model application. It is preciscly this lack of a sub~tantive theoretical 

fonn 1..1h ich just ifies the econometricians 1 contention that Lhe mo:.ie 1 ic 

not properly spec1fied, and the urba~ modellers' contention that the 

model is non-behavioral. 
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The DRA.:! model is a sophisticated variation on the has ic Lowry model 

theme. The hypotheses of the Lowry model assert·that, given a spatial 

distribution of emplo~nent, and a description of zone-to-zone travel times 

(or costs) it is possible to estímate the location of the employees' re~idences. 

This location is taken to be a result of trip length probabilities, and in 

the more complex variants of the model, of residence zone characteristics. 

This may be wr~tten in equation form as, 

where 

P. 
l = 'E Ej p .• 

j lJ 

Pi P.opulation of zone i 

Ej = employment in zone j 

the probability of a work trip as long as the travel 
time (or cost) between zones i and j 

A. = a measure of the residential attractiveness of zone i l 

The important d ifferences between the Lowry variants result from d ifferent 

functional forms to generate pij from travel times (or costs) and different 

ways of measuring A .. Further differences stem from structuring the model 
l 

in static or dynamic form. 

In DRAM, 

pij = j {D~j exp 6° iJ} 
where 

Dij = travel time between zone i and zone j 

O''~ empírica lly derived parameters 

and 

Ai = j{x~~' &2 
x2 i, .•• ,)C~~f 

where 



&n = 

various measures of zonal characteris tics includ ing 
population composition and level of development 

empirically derived parameters 

T'I1e prc:cc-t.s of finding numerical values for the paraweters Cdv 8 ~ and 

•r. ic;; described later in this ch.apter and involves both equatio:r. fir;tiT)g 

and, due to the expl icit st ructmte of the model, hypothes is test ing. 

All the Lowry variants require sorne externa~ source of basic employment 

Pst'imates. Iu past practice these soúices have been quite varied~ ranging 

froro hand !Jrepared estimates to rather complex models. In order to skip~ 

these COfTiplicati.ons in the present work, a sttaightfol"W'ard m!Ld.tipl;e regres~ion 

model, EMPMOD, was assembled for the purpose. The development of ~~MOD was 

incidental to the prime 'focus of this work. While the estimates produced _are 

reasonably good (and are discussed later in this chapter) ENPHOD should be 

considered a means to the project 1 s end. 

The remainder of this chapter is devoted to a discussion of the modeh' 

pararnoter estirr.1Lions and their implications. 
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CaHb rat ing the Models 

In the development of models of urban and regional systems the analyst is 

irrevocably trapped in the problems of drawing inferences from non-experimental 

statistics. It is not possible, .. say, to have t\vo San Francisco Bay Areas on 

which to run controlled experiments, A direct consequence of this vexing 

situation is that-we can never prove the ultimate correctness of any given model 
1 

fonnulation as opposed to any other. We may eliminate many possible formulations 

on the grounds that they conflict with accepted theory and/or empirical results. 

Once we have narrowed down to a few likely candidat.es for further testing there 

really is no way to prove th~t one is better than another. We are, however, 

willing to assert that a model which achieves good fits to data is more worthy 

of further investigation than one which does not fit as well. 

Con5iderable progress has been made in developing methods for finding 

"bes t-fit" pa rameters of urban s imulation models. The process of find ing a set 

of numerical parameters for a specific equation_(or set of equations) which 

produce the best fit of those equátions to a given data set has come to be called 

calibration of the equation(s) or model(s). In a particular ·example of a given 

data set and a given set of equations, any procedure for adjusting parameters 

to fit the equation to the data may properly be called a calibration procedure. 

Tl1e important questions here, given the data and ·equation(s), are first whether 

tlle proceJure is computationally efficient and consistent with the theoretical 

scructure (equations) of the model, and second, how to measure the goodness-of-

fLt of the model to the data. 

It is not always possible to determine the best calii.JJ.<.tLJvlt procedure. It 

is often possible to eliminate sorne procedures as being clearly less adequate 

thdn others. One example of an inadequate procedure would be the practice o[ 



e 
fitting parameters to one part of a model without taking into account their 

interactions u,ith other parameters in the model. Another ~uch exampll?' would 

1 
be the practice of drbitrarily assigning parameter valucs u~thuut tt:::n:ing íthe 

consequences of such values. Neither of these procedures c.rn,¡¡lc -produce a 

"proper11 cal:í.bration of a model. 

lt. is likewise not poss ible to specify a best fit criterion \;hich i~ 

appl f cablie! under ~11 circumstar.ces o The coefficient of detenn:i.~.at:ion R
2

, is 

11.1ften ·used a~> a measur<e of goodne:ss of flto Yet, this measure is, strictty 

speaki.r:g. i.nappropriate for the nonlinear models often en;::ounten;,,2 in ut·ba!i!!' 

simulation. Other mcn.! appropriate criterin, such as ma:ximum 1 ikélit··~'r»'" 

estímates, are so little known te model practicioners as to be vie~.;cd with 

sorne trepid'ation. Criteria such as root mean square error, or .standard er~or 

of est imate, do not provide a convenient bas is for comparing one model to 

another in the absence of identical data sets. 

The procedures and criteria used in this study are described along wit'h 

the ·d~scussion of calibration results which follows. 

Calibra t ion of El-1PIRIC 

The EMPIRIC rnodel was first described more than a decade ago~ and ha~ 

s ince se en appl ication in more than a dozen U. s. cities o Peat ~ Narwick ~ 

:1itchell & Company (hereafter referred to as PMM) have been th.e principGi 

;>roponents and practicioners of EMPIRICo In past years they have generou::;ly 

suppl-ied reports and data from these applications to the Principal Investigator. 

of this study. Consequently there were detailed descriptions of previously 

estimated B1PIRIC models available for this study. These reports were available 

for the Atlanta, Eoston, Denver~ Puget Sound, Twin-Cities (Minneapoli~-St. Paul), 



and Washington ,D. C. metropol itan areas. ln add ition there were packages of 

computer programs and data sets availahle for Boston, Twin-Cities, and 

Washington. An idea of the sizes of these metropolitan areas as modelled may 

be obtained by reference to Table l. 

Reviewing each of these 'applications led to the conclusion that while 

many of the variables used were similar from one application to the next~(the 

equation struct~re was, of course, identical), the specific variables used 

were different in each application. The dependent variables were always ekpressed 

in terms of change in regional share. Population was always divided into four 

groups, by income, approximating quartiles. These groups are referred toas Lower 

Income, Lower Middle Income, Upper (or Higher) Middle Income, and Upper (or High) 

Income. 

The five EMPIRIC equation sets were then examined for evidence of consistencie· 

or inconsistencies from one model application to the next. In each application 

there were, typically, four or five population sectors and five or six employmenc 

sectors being forecasted. The precise sectoral definitions differ from one 

application to the next, but are generally similar. 

As above, the population is usually defined as household income quart~les or 

groups approxinwting quartiles, while employment usually consists of a few basic 

and a few non-basic sectors. For each sector, the dependent variables are change 

in the zone's share of the region's total amount of the particular act,ivity. The 
' 

independent variables are of four types. First, there are lagged, ~r base year, 

values of the dependent variables and second, there are the other ~ependent 

variables. The third type of independent variable is the accessibility and/or 

land use variables of which there are usua1ly several. Finally there are the 

public utility variables such as sewer and water availabilities. 



r~nme of Region Popu1.s.t::icn Employment 

1.0 miD.i<m 

1.4 rnillio;; t1 G a. 

3.1~ rnillicm 

D(;nver, Colo. 380 thousand 

1.2 million 533 thous and 

Puget SourídJ Wash. 1.7 mHlion 610 thousand 

Twin-Cities, Minn. 1.5 million 610 thousand 

1.9 million 850 thousand 

Washington, D.Ce 2.1 million 1146 thousand 

Ycar 

197ú 

1960 

1960 

19/0 

1970 

1960 

1970 

1%8 

12 

Count.i~s 1.n 
Study ~egion 

1 

7 



The general procedure involved in applying the EMPIRIC model involves 

first, the preparation of a large file of raw (i.e. corrected, but unmodified) 

and constructed (i.e. combinations or modifications of raw) variables. A 

select ion is then made of vari;¡tbles, gene rally those which have worked well in' 

prior applications, for use in the preliminary regression analyses. The 

completion of the model calibration is then a matter of testing alternative 
1 

variables until a best fit set of equations and parameters is obtained. ID1PIRIC 

is, in a sense, very much an opportunistic model in that the final selection of 

variables to be used is largely based on the results obtained in the regression 

analyses. Those variables which produce the best fit being the ones used in the 

model. The regre.ssion fits obtained by this means are. generally good, with 

coefficients of determination ranging upwards from 0.55, many of them being in 

the range of 0.70 to 0.90. 

The measure of goodness of fit used in the EMPIRIC appU.cations was the 

multiple coefficient of determination R2• These results are tabulated for the 

various studies in Table 2. Note'that there are two sets of results for most 

regions. These represent the R
2 

from calibration or fitting the model to the 

2 
data set, and the R from reliability ,tests. The reliability tests consisted of 

us ing the fitted model to for~cast the second data point (e .g. 1970) from the 

first (e.g. 1960) and then comparing the forecast to the actual data (e.g. 

estimated 1970 vs. actual 1970). 

In Table 3 are shown the coefficients of the population variables. used in 

the final versions of the EMPIRIC population equations for each n!gion. A fair 

degree of consistency is found here, though there,are sorne obvious discrepancies 

both in sign and magnitude of these coefficients. Note that the coefficients 



Name of 
Region 

Atlanta 

Bos tott 

l!Jenvar 

Puget Sound 

Twin-Cities 

Washington, DeC. 

Number 
of Zones 

183 

290 

104 

4.53 

183 

244 

108 

,110 

Time 
Per iod 

Test 
Type 

Ca lib. 

1961= 70 Reliab. 

1960~ 7(; Ca lib. 

Reliab. 

1961-70 Ca lib. 

Re] iab. 

1960-70 Calib, 

Reliab. 

1960-68 Ca lib. 

Reliab. 

14 

Lower Lower Upper Uppcr 
Income Middle Niddle Income 

0.558 0.792 0.312 0.770 

Oo67Q 0,810 0.830 

0.990 0.950 0.946 

o. 951. (;.906 0.826 

0.647 Üo841 0.839 

0.938 0.890 0.694 

0.573 o. 719 0.900 

0.880 0.816 0.822 0.855 

0.702 o. 708 0.812 o. 715 

0.919 0.940 0.880 

0.698 o. 770 0.844 o. 750 

0.947 0.917 0.817 0.886 

Table 2: Fitting and Reliability Results - R2 for Several E~~~ 
Ápplic~tions for the Four Popu_lation Classes 
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Dependent Variable 
- -

Change in Share 
Low Income Population 

Change in Share 
Low-Middle In come 
Popu la t ion 

Change in Share 
Upper-Midd le 
Income Population 

Change in Share 
Upper In come 
Population 

_____ , ___ 

Table 3: POPU!.ATION COEFFlCIENTS IN E:·:PIRIC MODELS 

Study Area Lower 

Atlanta -.119 
Denver 
Washington 
Twin Cities 
Puget Sound 
Boston 

·----
Atlanta +.512 
Denver +.201 
Washington +.194 
Twin Cities -~-.28 

Puget Sound 
Bos ton +.53 

.. 
At1anta 
Den ver 
Washington 
Twin Cities -.14 
Puget Sound 
Boston -.125 

Atlánta 
Den ver 
Washington -.'JUÍ 

Twin Cities ~.42 
Puget Sound 
Boston 

Population by In come (lndependent Variable) 

Change in Sr1a re 
Lower Upper 
Midd le '!-1iddel 

+.558 -.367 
+.129 
+.229 
+.40 
+.352 
+. 637 -.295 

+.480 
+.307 
+. 781 
+.45 
+. 531 
+. 337·D 

+.439 
+.612 
+.658 
+.45 
+.434 
+. 637 

+.512 
+.685 

+.504 
+.83 

- +.657 
-.282 +.603 

Upper 

-.281 
-.39 ' 

--

+.338 
+.25 
+.399 
+.26 
+.43 
+.294 

.• 

~~---

Base Year 
Lower 

LOW Midd le 

-.392 +.337 
-.199 
-.42 +.36 
-.314 +.294 
+.133 . 

-.353 
-.279 

-.054* 
-.101 

-.16 

- . -

*Base Yt:ar Share 
Total Household 

Share 
Upper 
Midd le Upper 

- . 

+. 258 

-.109 

-.334 
-.182 
+.10 

----
-.27 

-.155 

-.219 +.113 
-.224 

-,6.47 
-,481 

+. 219 -.437 
-.278 



shown are ,those which were statistically s ignificant, as those wh:!.ch were n!llt 

significant are not published in the P}R~ reports. 

An interesting pattern shows in Table 3. For each populatiou c1ass ~ t1•~ 

change in share of a region 1 s total· population iour,d in ~2(:1! ~one J mo··~es 1-;.l_t;h 

the change in share of the adjacent pop•llation class, viz; Lower Income .moves 

-w:ith change in share -of Lower Middle In~ome, Lover Middle :!.nco.ne moves uHh 

change in shares of Lower In come and Upper Midd le Income • and so on~ .Furth~r, 

for each pcpulation .class, change i.n share moves in oppositlon to (Le. ·th"' 

s igns of the coefficients are ne.gatíve) its Ol..rr! concentraticn i.n the Cé'.S•f: .i~:i!>: 

and moves witlí (though the pattern is weaker) concentradons of the rwxt higher 

,income group. Stai:ed in other words, changes in share by zone of each inc>Dme 

group move 1) with changes in shares of the next higher and next lower inccn!!é! 

income group, and 2) away from concentrations of their own income group towa,rds 

concentrat ions of the next h igher income group. 

The patterns found in these coefficients of the population variables llt:e 

quite consistent with hypotheses regarding peoples desircs for _incteased soe;io­

economic _status, as well as with hypotheses regarding peoples unwillingnes3 :to 

live among groups very d ifferent from themselves. The patterns of coeffici~nts 

of other variables in the population equations as well as thost> of the variables 

in 'the emp·loyment equations do not exhibit a similar degree of unifonnity, _and 

consequently are not tabulated here, though the specific casé of the ·.r.·.Jin-(~i·_ti~s 

application is discussed in more detail below. 

·rn the other portions of these D1PIRIC model equations the sen$C and 

sensibility.of the variables used, and their coefficients is another matler. 

''here are a number of j_nstances of contraintuitive coefficient signs Rod many 

{.ünsq:ucted variaoles whose real meani.ng is somewhat obscure. A!·¡ h;nsh ,, ... it:ic 



'}J,',, 

could assert that the equations derived all theír correlations from tl1e.: 

unavoidable implicit correlations between activities in urban areas. Thus 

from the causal point of view the model results could be called fortuitous 

and/or spurious. A more reasonable position would be that the equation sets 

,depend, toa significant degree, upon these strictly associative relationships, 

but that they will probably produce reasonably good near term forecasts, taken 

a ll together. 
1 • ' 

Another v1ew of these equations is that they are the reduced 

form of structural equations (jn the econometric sense) which are unknown. If 

this view is correct, as it well may be, the use of these equations for forecasting 

requires that both the structure and the parameters of the unknown structural 

equatiohs remaín constant over the forecast period. Problems arise, as will be 

discussed later in this report, 'when policy tests with this model are attempted 

by means of changing specific variables. In the absence of a'known, or even of 

an assumed structural form, it is likely that changing variables in the reduced 

form equations will produce peculiar results. That this concern is justified 

will be amply demonstrated in the _discussion of sensitivity tests of EMPIRIC in 

a later chapter of this report. 

As part of this project the three EMPIRIC applications for which data 

were available were all run several times, to the end of becoming more familiar 

with their operation. Of these three, Boston, Washington, D.C., and the Twin-

Cities, recalibration runs were made for the Boston and Twin-Cities data sets. 

For the Twin-Cities data set the equations presented in the PMM final report 

were rerun using both ordinary least squares (OLS) regression and two stage 

least squares (~SLS), regression. 1 The differences between the OLS and TSLS 

1Peat, Marwick, Mitchéll and Co. (1971). "Calibration and Application of an 
EMPIRIC Act ivit i e:; Allocat ion Model for the Twin-Cit ies Met ropol itan Area", 
prepared for the Metropolitan Council, St. Paul, Minneasota. 
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calibration reruns were minor., as uere all but one of the differe:1.ces between 

the PMM calibration. and the;.::e calibration rerun;:; •. 'fhe re1'lson for the om: lsrger-

differences in coefficients were also minar tn all cas~s 

definít:lons for this EMPIRIC application ::-.r:' shawn ln 'fable 4. The t;L:~t~~·5dcALl:J 

sfgnif!cant coefficients of the equation~ for th~ TSLS calibration ren1n are 

The great. number of cons~:ic·ucted variables used in the DtPIRIC equar fons 

make it rather diffi.cu!t to in'terpr-ei': che n~sults of the parm •. eter est'i.m'J1::ions" 

There are few l.Onsistencies to be found in this pa.rameter uet. Th~re. .r-:·.c-L '~~;-n~"} 

peculiarities to l>e mused ove'C" Why is change in a zone's share of p0pulat:i_or. 

in the low income quartíle pos itively related to change in local gov€,J:Yim€nt an6 

educational employment and negatively rclated to change in ,the product of higl'"''ay 

accessibility to employment and used land area? Why is change in a zone's share 

of population in the upper middle income quartile not related to any employmcnt 

or access vari.able? Why is change in a zone 1 s share of population in the high 

income quartile positively related to the base year industrial employmen~ 

as proport ion of total employment in the zone; and not related to any o.:her 

employment or access measure? More generally why al·en 't the EM.riRIC variables 

~~Gcrihed as relative values rather than shares, thus avoiding the need &o 

interpret \vhat a zone' s share of the pcrcentage of something in the :sonc2 i:J¡?J :i.es? 

Jn the absence of an explicit theor-y or an attempt at structural equation::> • 

there can be few expectations r~garding signs and magnitudes of coefficient5o 

ConsequentJy there is little point in discussing the EMPIRIC calibr.Etion rt>sults 

at length. Suffice it to say, the pararoetern of ENPiRIC model can be calibrated 

to yield relatively close fíts to -the data. 'l'he or.ly consistency ·in tht pa;·,:lmeters 
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Table 4: VARIABT.ES DEFINlTTONS - TWIN CITIES EMPIRIC 

Note: Shares means regiona~ share of variable X to be found in zone 

!1 ind icates 
LIQ = 
LMIQ = 
UMIQ 
HIQ = 
MISC = 
MFGW = 
TCU 
RET = 
SVCFIR = 
LGOVED = 
HAIIU 
TAEU 
AHU 

HAEMP 
AEMP = 
SE\-lER 
NCA = 
NIA 
NPA 
USEDAC = 
VACAC 
DEVAC 
TOTAC 
Tal' HU 
TOTEMP 
NRA 

"change-in-share" variables; all others are base year shares. 
Households in lowest income quartile 
Households in lower-middle income quartile 
Households in upper-middle income quartile 
Households 'in highest income quartile 
Construction and other miscellaneous employment 
Manufacturing and wholesale employment 
Transportation, corrununications, utilities employment 
Retail employment 
Service, finance, insurance, real estate employment 
Local government and education employment 
Highway accessibility to households 
Transit accessibility to households 
Composite (sum of highway and transit) accessibility to 

households 
Highway access ibil ity to employment 
Crnnposite accessibility to employment 
Percent of district "se\Vered" 
Net connnercial area 
Net _industrial area 
Net public and semi-public area 
Used area = NCA + NIA + NPA + net residential area 
Vacant or agricultural area 
Developable area = USEDAC + VACAC 
Total area of the district 
Total housing units 
Total employment 
Net residential area 
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Table 5: EHPIRIC ~~QU_:2TTOI~S FOR TWIN CITIES - U. OF P. Th'O STAGE LEAST SOU/..l\ES ESTW.ATES 

Note: Variables are 1960 share or (for 6 variables) change in share 1960-1970. R
2 

for the:H: equations are 
given in Table 6 

óLIQ 

t,LMIQ 

D,UMIQ 

0MISC 

~TCU 

= 0.407t~LMIQ - 0.3776 HIQ + O.l066LGOVRD - O.l~lSLIQ + 0.35iLMIQ - 0.890ó(HAEMP -1: uSEDAC) 

+ O. 269,ñSEWER + O .060 (SEWER * VACAC) + O .112 (TOTEMPíTOTHU). 

= 0,299t,LIQ + O.l.256UMIQ + 0.092UMIQ- O.l09(AEM.P * USE..JJAC) + 0.300a(Rll.EMP -k USEDAC) 

= -O.l446LIQ + 0.415t.LMIQ + 0,26ltiHIQ - O,l63LIQ + 0.058 (SK~JER * TOTA.C) + 0.104 (UJ1IQ/TOfHU) 

= -0.4166L!Q + 0.06LMIQ + .830óUMIQ + .248óSEvrER = .261J(HJQ/TOTHü) + .274(INDUS/TOfFMP) 

= ,1•4t.REI: + .20t~SVCFIR- .026(TarEMP/TOTHU) + .ll2(t:.SEhTE:R * TOTAC) co .256MISC 

= 

= 

- .096SVCFIR + .109(NIA * VACAC/(USEDAC + VAC'AC) + .094TAHU) 

.013t~SVCFIR + .190(S~~R * TOTAC) + .254SVCFIR- .189MFGW = .268N~a 

• 531 (USEDAC/ (USEDAC + VACAC)) - • 248óHAHU * lJSEDAC + . 52F.A.HU 

• 7376RF:f + • 919óSEWER + .249NIA * VACA.C/(USEDAC + VACAC) o .352:H.flivJ 

+ .60USEDAC/(USEDAC + VAC'AC) + .1827CU - .53(TOTEMP}/(NIA + NCA + NPA) + ,.3l(TOTB1P/TOTAC) 

• 423 (NCA * VACAC/ (i.JSEDAC + VACAC)) 

.473SVCFIR + .518t~LNT.Q + _.077NCA * VACAC/(OSEDAC -1- VAC!i..C) ,_, ,32RE'l~ 

+ • 2 9 L-".HU -/( USEDAC 

.29L~LIQ + .313TAHU + .214NCA ·- .539LGOVED 

N 
o 
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Table 6: COMPARISON OF CALIBR~TIONS OF EMPIRIC: TWIN-CITIES DATA 

1 2 3 

Dependent Variable PMM-R
2 

UoP-TSLS-R 
2 

UoP-OLS-R 

{'jLIQ o. 702 o. 703 0.706 

M ... MIQ 0.708 o. 714 'o. 720 

/I,UMIQ 0.812 0.816 0.824 

~HIQ o. 715 o. 715 o. 724 

~MISC EMP o. 750 0.746 0.}61 

~11FG 0.718 0.708 o. 714 

6TRANSP 0.504 0.464 0.464 

~RET 0.790 0.790 0.793 

~SERV+FIRE 0.755 0.754 o. 758 

6LOGOV+ED 0.545 0.545 0.546 

2 Column 1 - Resulting R fr~n PMM calibrations 

2 ' 
Column 2 - Resulting R fr~ this project's recalibration 

using Two Stage Least Squares regression. 

Column 3 - Resulting R
2 fr~n this project's rec~libration 

using Ordinary Least Squares regression. 

2 

Identical dependent and independent variables were used in a11 three 
ca 1 ibra t ions. 
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fron, one application to the next appeara in the population group-to-popula.tion 

group rela.tionsbips. The pa-::ameb:::rs for other ,variables and ot'i:er c"J~Jations 

;:¡re catch as catch c~n~ and raü:e questions as to th~ simult.ax.,,.:ity ai.ludeG l.J 

in the general descriptions of, the model which accompany ec;ch applh.Eitl<O"'" 

Overall, attempts to use these models for any but short term. no policy. Eorecasts 

should be viewed with considerable skepticism. 

C¿¡¡li'bration of DRAM 

Duri1tg the initial stages of th:is pr~ject the d~cisioll! was l::a:kf:n ''i:O cc-••:;pare 

the EHPIRIC model toa package containir;g a ve.r:::;ion of IPLUM ami a s.imph" bfls:ic: 

employn~ent model. There was no intention of performing any model development 

work for this project. This was all well and gcoc as the project proceedeo on 

through its early stages. It was when work began on the calibration of TI1PL11l'1, 

that trouble became apparent. In fact, the entire history of application of 

Lowry and "Lowry derivative 11 type rnodels in the UoS. is fraught with tales cf 

calibration difficultíes. Furth~:r investigation yielded the urtpleasantly' 

interest.ing fact that :in U.S. practice, \-lith but one exception~ no Lowry type 

model l-.ad ever been successfully calibrated (in a statistical :::ense). Partial 

calibrations, i~ sorne cases of the pij function, in'others ·of a multivariat§;: 

measure of A., had been accomplished, but no complete estimations _of a mode1l's 
1 

para,neters had been done. There h~d, however, beei! a number of :.:.a~cc.:=Dsful 

calibra t ior:s of Lowry type models in Bri.tish pract ice. Consequeutly 3n eff.ort 

was undertdKen to deter:uine whether IPLUM could be calibrated by th~ procedure~ 

used in the British work. 

The British calibrations drm.J upon a reforrnulation of Lo~.o•ry ·typf: .models 

1 
accord ing to th~ \.Jilson maximum-er.tropy ai>proach. Thü; approach was abo 

Wi]son, A, (1970). Entropy in Urban and Regional ModeH1nt:::, Pion l,td •• 
·----~____, ....... 4____ =-~- ......... ---"- -- ---=-__.......-. ______ _ 

London. 
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used in the one u.s. exception mentioned above, the Voorhees U.S.M. When 

so reformulated ~ the path to calibration of Lowry type models becomes quite 

clear, though it does require use of mathematical search techniques for no~-

1_inear equations, rather than the better known multiple regression techniques 

used in EMPIRIC. Consequently it became necessary to recast IPLUM in the 

entropy maximizing form. As a part of this effort several very desirable 

1 
improvements to the model became not only possible, but, in a sense, inevitable. 

In particúlar, the population sector of the model, formerly considered as one 

homogenous group, was· disaggregated into four sectors defined in terms of income. 

Further the need for many of the arbitrary correction factors used in the later 

portions of the IPLUM model was eliminated. This new formulation of the model 

eventually became sufficiently different from its progenitor to warrant a new 

name - Disaggregated Residential Allocation Model (DRAM). 

The mathematical development of DRAM and its calibration requirements are 

described in Append ix I to this report. The result ing equat ion for household 

locat ion is as follows: 

where 

1 

k 
Nit 

E k 
jt = 

cijt = 
wk 
it = 

number of type k households located in zone i at time t 

• 
number of type k employees working in zone j at time t 

travel time between zone i and zone j at time t 

multi-attribute measure of the attractiveness of zone 
i at time t to households of type k 

A. M. Voorhees and Associates (1972). "Application of the Urban System.s 
Model (U.S.M.) toa Region-North Central Texas", prepared for North Central Texas 
Council of Government, Dallas - Fort Worth. Texas. 
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The definition of the attractiveness measure is of crucial importance, 

and so vill .be discussed here. The zonal a.ttractiveness measure consists 

of tvo principal parts. One part is the .actual amount of la~,¿¡ in thc zon<f:: 

vhich is available for dev~lopment~ perhaps adjusted by its develupabilil} 

or existing level of development. The scH.ond part is t.he desírabUity, 

of the land in t~e zone as vieved by ?Otential locators, apart from that solely 

due to its spati&l locaticn • . , 
Many measures of the intrinsic attractiveness of residential zones havc 

b~en proposed. Tn'e~e llave included property valueg quality of ~cho:ol systems, 

housing mi~, degree of lana use mix (e.g. other uses beside residenti~1). 

and population mix,_ There was evidence in prior vork by this author as 

well as by others that household incomes would be a good overall (or perhaps 

surrogate) measure of zonal attractiveness. 1'hus it vas decided that the 

percentage composition of household types {in income quartiles) vould serve 

as the attractiveness measure. 

The amount of land available in the zone vas measured in terms of vacant 

dcvelopdble land. In order to adjust the attractiveness of vacant land to 

represent the presence or lack of infrastructure (e.g. severs, water) 

electricity, etc.) vacant land is weighted by the percentage of devE::lopable 

land in the zone already developed. Finally, as a surrogate for the type 

of residential development, residential density was included. 

Similarly, it was necessary to define a trip probability function. Jt is 

vell known that rnost empirical trip distributions take the forro of a not-mal 

curve considerably skewed to the left. It has. been hypothesized th.at this 

d istribution a rises from the product of exponent ia lly incn.•as ing numbers 

of opportunities (for trip satisfaction) ~ncountered with increasing distan~e 
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travelled, and exponentially decreasing propensity to travel each additional 

unit of distance. This is shown graphically- in Figure l. The trip 

prohability function which results has the fonn 

= 

as described at the start of this chapter. 

J.. 
l -SD 
~· ij 

Figure 1: Trip Function Equation Form 



The underlying hypothesis of the zonal attractiveness measure. 

developable vacant land weighted by its intrinsic attractiveness and its 

desirnbility, results in the use of a product function form, · Thus the 

mcasure is written as, 

= 

1 
ta

1 
"" percentage of zoue i nouseholds which are in the loweat 

in come qualLt ile 

percentage of zone 1 h~~seholds which are in the low middle 

income quartile 

3 
ni :;; percentage of zone i household.s which are in the upper 

middle income quartile 

4 .ni = pet·centage of zone i households which are in the upper 

in come qua rt ile 

R
1 

residential land area of zone i 

Q
1 

= percentage of developable land in zone i which has been 

developed 

v
1 

= vacant land in zone i 

5n = a set of n parameters to be estimated 

Thus, taking the trip probability function along ~ith the ~o~~~ 

attractiveness measure, there are t..ine parameters to be estimated for eé1ch 

•)f the four household types. 

Sorne rnodel efforts have estimated pararneters for a model's trip 

probability function, but have assigned values cf 0.0 or 1.0 to any & 

pararneters (or their equivalents) in the attractiveness rneasure. Other 



model efforts have estí~afed values of the o parameters by multiple linear 

regression, independent of the trip probability function. For an urban 

drea with an existing spatial distribution of activities the parameters of 

these functions should not be. separately estimated. 

The reality which we are attempting to describe, like a solution of 

sugar and water, cannot be separated by mechanical means. The shape of the 
. 1 

trip probability function is due, in part, to the spatial distribution of 

zonal attráctiveness. Similarly, the attractiveness of a zone results in 

part from the ~ouseholds located therein. These have so located, in part, 

responding to the work trips which are an implicit aspect of living in that 

pa rt icu lar zont:. Simul taneous estima tion of the a ttract iveness parameters 

and the work trip parameters is thus required as a consequence of the 

ipseparabili~y of these phenomena. 

________ A_gla_ryce et the DRAM eguations shown above makes it clear that standard 

parameter estimating procedures such as regression techniques are inadequate, 

At the other extreme, brute force trial and error methods may not yield 

useful results at reasonable cost. What is needed is a sophisticated n-

dimensional search technique that doesn't make the assumptions necessary in 

regression, but is much more efficient than trial and error. Two candidate 

methods are pattern search and gradient search. 

Holding, momentarily, the question of a proper criterion function, it 

may be assumed that one exists. In pattern search, successive explorations 

are made, as to the change in the criterion which results from a change in 

ea eh of -the parámeters. Then, based on the informat ion gleaned from these 

explorations a step is taken in all n-dimensions at once. In gradient search 

the gradient (an n-dimensional vector orthogonal to the mathematical surface, 
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whose projection on that surface points in the direction of i.ts steepest 

ascent) is e~aluated at a g:l.ven P.oint and a~ n-dimen'sional step iH taken 

be found using numerical ap~roximatio{ls or by clnalytically solving thc: 

function 1 s partial derivatives with rcspect to the criterion, It i.Jas n••t 

the purpose of this project to develop new cal ibration techniqt!es, An 

\ 
effi.c,ient» operational, g.rsd:lent search program "l<S5 av.alilable a!"C: w:as used 

to esti.mate the paramei:ers: of DRAM. At some futu,:re date iH'l investig.:ltiO!'< 

of alternative search procedures wil1 be m&de. 

Our inexperience with these tt::chniques led to the aggregalt 1.o,ru oJ' ·iJu<;; 

San ··Francis~o data set to 30 zones in order to lower the cost of '1\.!T inevit:able 

mistakes. A conservative approach was taken, with much attention paid to 

initial estimates (starting points for t:he search procedure) of the parameters. 

Experience wi::h the technique ha's shown these concems to have becn un-

warranted, the parameter estimates being easily done at re~sonable computer 

expense. These preliminary efforts are further describad in Appeudi~ I. 

Having once established the feasibility of the techniqoe, _the 108 zoli~¡e 

Minneapolis-St. Paul data was approached. Again, no difficulties -w·ere 

encountered and the parameter estimates were readily obtained. The parameters 

and the associated criterion value, R
2

, are shown in Table 7. No t~ or F~ 

values are provided, as these statistics, unfortunately do not 3lp~ly t:o thé 

non-linear ·e_quations of DRAM. 

I~ is worth noting that the criterion function used in these estfmations 

\<Jas t'he least-squa res (sum of squa red d ifferences between observed ¿¡nJ 

estimated ddta points) criterion. It \<Jas observed in the parameter estimati.ohs 

that the critedon surface tended to be rather flat in the neighborhood of the 
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Distance 1 Household 

1 

Composition J_and Cond it ions 

Variables Opp'ty De ca y L. I. 1 U, M. I, 
1 

U. M. I, U. I. Res. i. Dev. Vacant 

1 

~ R2. ! 
Household Sector Ct 8 o1 o2 53 o4 óS o6 57 ' r 

1 ' 
1 

--¡ 

o: 145 
1 

Low Income 1.04 -2.18 0.765 0.142 -0.558 -0.339 0.893 -0.031 0.927 ' 
0-8000 

1 

i 
¡ 
l 

1 ¡ Low Middle-Income 2.11 -1.46 0.244 0.835 -0.373 -0.152 0.899 0.177 -0.044 0.900 

1 

1 
8000-12000 ' . 

¡ 
1 

--1 
-0.079 ' Upper Midd le In come 2,81 -1.31 0.086 0.157 0.500 -0.080 o. 795 0.251 0.900 ~ 

12000-16500 1 

¡ 

1 

-i 
----- ----! 

Upper Income 2.10 -1.44 0.131 16.099 -0.191 o. 776 o. 752 0.292 -0.033 0.905 
¡ 

16500 -
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best fit parameter estimates. 
~ r ' ~ 

Consequently the criterion was in sorne , ' c~s es, 

insens it ive to s.~ll changes in sorne of the paqtmeters. ~~rthermor.e_,_ 8!'!td i~nt 

sear~h p~ovides no inf~~tit?n ~~ to the statisticsl pro¡pe'!c~ie.s. o~ t)•~­

parameters found. A current investigation of the use of v:he malo:ifll"..JmoU~eHhood . ~ ' - . - -; . ~ .. ' - .. 

criterion a~ an alternative to the 1east-squaL"es criterion tt.~~e~_rc·J lto be 

leading to resolution of both these problems. 

1 
Refering to Table 1. cot>m ider fir:;t the "D_ist_anc~~9 

... 

Midd le Yncome households shov ftne highest propens it;y: to tr&ve_~ te ~~~ t~_.'tm·dc 

Lower Mid~le Income and Upper Income households are n:ruc'h mor~ wllling __ lto trav,el 

a given d istance to work than is a Lowe;r Income household, a~d not qi.J_ite ó!l"! 

willing as an Upper Middle Income household. The~e results a~e in acc~rd 

with other empírica! findings as well as with theories conc~rn_ing the," p,~_rtion. 

'of a household's budget allocable to travel e~pense. 

The opportunities encountered or "Opp'ty11 parameter shc:)~S opposi.te_ results. 

As trip length increases Low IncomE_! households find the fewest opp?rtu)!lit:Í'ó!~. 

for trip satisfaction. Upper Niddle Income houseJtolds find the mos.t,. ra~.i~ly . . ~ . ' ~ ,,. . ' 

increasi~g numbers of opportunitie.s with inc~e~sing trip leng~h. In .. DRAM_0 
- ' ' 

trip satisfaction is the choosing of a residential location. Taking these .. - . ~ . ~ ~ " 

res u 1 ts together, we find that Upper Midd le In come household~, .a~e li ~ke,ly to _-

h~ve the longest work trips, due not to a lack of residentia~. o~por.ttmit;i~_~, 

but rather to a great wil~ingt1ess to travel to the "right pla~~!'. At. the s::~me 
'. -

time, the Lower In come households will a !so hav~ __ longex- wprk_ trips_ b.~~ D b:._ 

this case due to f~wer residential opportunities~ despite a~greater.uq~ 

~~llingness or inability to travel. 
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·\::,\ 
Turning next to the Household Compos ition variables, the first conclus ion 

is that each income group is most likely to loca·te (orbe located) in zones 

~here it is already concentrated. The second conclusion is that any other 

household type is least likely to be located with concentrations of Upper 

Middle Income households. No other general conclusions may be drawn from 

these parameters. 

Finally, .turning to'th~ Land Conditions, all household classes are 

positively affected by amount of residential land (Res.) and by percentage of 

developable land developed (% Dev.). There is 'a slight negative response to 

vacant land. The need for a statistical significance measure for these 

paramecers is clearly needed here. Without it we cannot sort the meaning out 

of these last sets of parameters. As mentioned above, further ~ork on this 

is now being done. 
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2 
The values of R achieved in the DRAM calibrations are higher than 

those of EMPIRIC. The numbers of zones are identical for both of these 

calibrations to the Minneapolis ~ St. Paul data. The dependent vari~bles 

in the EMPIRIC calibrat ions are. howe'Je!'. "c'hange~ in~share•v Vdriables" 
. 

wh i le the dep.endent variables in DRAM are s imply 11 sha re 10
• One expedc$ 

bette~ data fits ·uith share th.an wü;h change-in.~share variables, 'fh:ut. :i.t 

ls difficult to .compare_these sets of results. 

ln ordi!r 'Co bettelC <1>1)mp5!r•c the moo.els 1 performance~ both the EMPIRIC 

and DRAM model package~ ~e~e run form a 1960 base to a 1910 projection 

year" The 1970 model estimates \Jere then cot11pared to actual 19'1'0 Cen::,l\\.!1:;; 

data. Due to data incompatibilities~ only the household sections of the 

models were comparable. The results of this test~ in terms of the corre-

lations between the model estirr~tes and the actual data are shown below 

2 
( in te nns o f r ) • 

Household Type EMPIRIC DRAM 

LIQ - lower in come o. 918 Üa750 

LMIQ - lower midd le 0.941 0.328 

UMIQ - upper midd le 0.889 0,844 

HIQ - upper in come 0.829 Oo699 

From these, more comparable, evaluations i.t is clear that El'1PIRIC 

achieves somewhat better fits to the data than does DRAM. Balanced against 

this is the fact of DRAM's more understandable and theoretically satisfactory 

equation structure, along w5th the empirical support derivet' from the signs 

and magnitudes of the fitted parameters. 
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Calibration of Employment Model for DRAM 

The modell ing of ernployrnent d iffers somewrat between the rnodels being 

studied here, The EMPIRIC rnodel incorporates six types of ernployrnent 

directly in its equation systern and produces forecasts for each type as a 

matter of course, The !PLUM and DRAM rnodels, as is the case with all 

Lowry derivative rnodels, do-not include a procedure for estimating "basic" 

\ 
ernpJoyment, but require such estirnates as an input. In the rnany applications 

of these models basic employment estirnates have been generated in a nurnber of 

* ways ranging from educated guesses to.rather cornplex models. Consequently 

it was necessary to add a procedure for estirnating basic employment to either-

DRAM or IPLUM in arder to compare their performance to that of EMPIRIC. This 

section of the report describes the development of such a procedure. 

As is described above in the section on calibration of the residential 

models, the initial calibration work for DRAM was undertaken with data from 

San Francisco, it was decided to begin work on an employment estimating 

procedure by using the same data sets. It was not the purpose of the project 

to develop new models, so the first thought was to use BEMOD, a model which 

** 1 had been developed with the San Francisco data. The model used a large 

number of variables to describe each census tract in the region, The 

variables used were: slope, elevation, presence of navigable waterway, 

* , See Putman, S, H. "Intraurban Employment Forecasting Models: A 
Review and a Suggested New Model Construct", Joumal of the American 
Instüute of Planners, Vol. XXXVI~!, No. l~, July 1972. 

** Nathanson, J. "Basic Employment Model: A Model for Intra-County 
-Location of Basic Employrnent an.l Land", BATSC Technical Report 222 
(Pre1 'IHinary), Bay Area Transportation Study Commission, Berkeley, 
California, (1970) 
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presence of rail facilities, a general accessibility measure, density of 

existing d.evelopment, Tesidential land, unused land, vacant land» and the 

distribution of employrr.ent types in the zone. 'fhe ::aeaJI. \'J!f&it t~5e~1 'WI'J$ t~.¡: 

census tract, but the parameters for the census trac-ts Jl.n .esch coun*~Y Ol!" 

group of counties (six in the study area) were estlmated 3eparately. T&n 

ernployment sectors were used. The results of the regressionsD (lone in ~1!ly 

\ 
of. 1968» for that moocl are t~bulated in Table &. Despite the marty v~~iabl~s 

used ~ these results were nu.t vea:y good P particularly w'hen compared to lthC~se 

obtained with the much simpler fonnulation used in the USM mode1 :for ltne 

* Da llas - Fort Worth region. The USM used 1H:tle more than .:o.• lagg~::d vl'Jln!.s~le 

and an ~~cess measur¿ to obtain mu'ch better data fits. Consequerotly al!l 

atternpt was made to develop a :similar set of simpler estimating equatiorus 
1 

for San Francisco. 

The ten employment types of BEMOD Wére first disaggregated to t\Jelve 

employment types. A number of regressions were estimated, using the two-

hundred ninety-one :zone areal system used in IPLUM. This areal system ia 

an aggregation of the sevea hundred seventy severn census t:racts used ill!l 

BEMOD~ and further, was not broken into separate county regr.ess:Lons. 'l'ha 

results yielded poor data fits. In an attempt to improve thern, the se~en 

manufacturing sectors were aggregated to three, resulting iu a total of 

eight employment types. The three levels of sectoral aggx·egZJtion usL'!!d illl 

these analyses are sho·wn in Table 9. The results of these .&nalyses. '\o/híle 

in most cases as good or slightly better than the old BEMOD result5 were 

not satisfactory, the values of R
2 

ranging from 0.35 to 0.58. 

* Voorhees, A. M. and Associates "Application of the Urban System 
'Model (USM) to a Region-North Central Texas", Prepared for North Cf'ntr~l 
Texas Council of Government. ( 1972) 
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SERV GOVT l MFGl MFG2 XFG3 .t-IFG4 l·1H;5 TRAN WHOL FIN 
.. ---- -

.4~ ---- -
San Francisco . 7098 • 6376 .6344 .5543 . 5636 .8725 .8725 .3921 

San Mateo .3107 .6469 • 7763 .6772 .7444 .6413 .8993 .0571 .4521 
1 

.7693 
J 

Santa Clara .2584 .1336 .0607 .0674 .0272 .0281 .1716 .1754 .3243 
1 

. 2502 

1 
Alameda .1078 .2091 .1712 .4958 .6459 .0927 .1672 .054ó .0565 .1381 1 

Contra Costa .0697 .1292 .0762 .0953 .2357 .0665 .2680 .1889 .5008 . 2680 1 
1 

North Bay .0938 .1681 .1622 .1128 .1082 .2361 .1457 .3522 .1058 .4412 1 
(Ma rin, Solano 1 

Napa, Son cima) 
1 1 

MFGl = Manufacturing, New Technology TRAN Transportation 
MFG2 = Manufacturing, Centralized Urban WHOL Trade 
MFG3 = Manufacturing, Decentralized Urban FIN Finance and Insurance 
MFG4 Manufacturing, Metal Fab. and Machinery SERV = Services 
MFG5 Manufé:>cturing, Petrochems., Primary Metal! GOVT Government 
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.5. 

6. 

7. 

8. 

9. 

10. 

Table 9 

SECfORAL DEFINITIONS IN 4 EMP~OYMENT ANALYSES 

* BEMOD 
Sectors 

HFG 1 

MFG,2 

l-1FG 4 

MFG .S. 

TAAN 

WHOL 

FIN 

SERV 

GOVT 

* 

EMPMOD 
12 Sector Analysis 

L Ag., }t·or. Fish. 

2 • 

Ne\.<' Technology· 

Céntralized Urban 

5. Decentralized 

6. Metal. & Machinecy 

7. Petroleum & Prim. Met. 

8. Transp. 

9. Trade 

10. Fin & Ins. 

11. Services 

12. Gov't 

See 1'able 8 for definition of BEMOD sectors 

/ 

L 

1. 

S. 
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E'HPMOfl 
¡g $.(.>ct.cn:- A:-trllÍJY~in; 

Durable 1igh~ Mfg. 

Selc11irc:e¡¡¡ 

Govgt 



1 1 .,.,¡ 1 

Reference again to the USM work suggested that the most irnportant 

single variable. in their employrnent equations y¡as lagged ernployment i.e. 

employrnent of the sarne type as that being estirnated, in the sarne area, in 

the prior time period. This ~ariable was not available for San Francisco 

which, incidentally, also precludedestimation of the pararneters for the 

EMPIRIC model in that region. A double-logarithmic forrn of equation was 
1 

tried instead of the traditional additive linear forrn, with a rnodest 

increase in the R
2 

values. The two-hundred ninety-one zone data set was 

aggregated to ninety~eight zones in the hope of irnproving the ability to 

estímate ernployment in the area. These results were sornewhat improved, 

showing values of R
2 

ranging frorn 0.53 to 0.80 for the eight ernployrnent 

sectors. At this point it was decided that further work on ernployrnent 

estirnates with this data base would be fruitless. This work confirrned our 

expectations as to what could be done inlliis vein with strictly cross-

sectional data. The rnultiple regressions tested while not very good, 

produced results which were as good or better than the early results for 

the BEHOD regress ions • 

E~WMOD: The Minneapolis - St. Paul Estirnates 

The data set for Minneapolis - St. Paul contains ernployrnent data for 

two points in time. It is this fact which allows the calibration of the 

EMPIRIC model on this data and which, as will be described below, yields 

relatively good ernployrnent estirnating equations. 

. * The EMPIRIC rnodel uses six types of employrnent, as follows: 

* Peat, Marwick, Mitchell & Co. "Calibration and Application of an 
"EMPIRIC" Activities Allocation Model for the Twin Cities Metropolitan 
Area'', Final Report, Metropolitan Council, St. Paul, Minnesota, Dec. 1971. 



l. MISC miscellaneous (S.I.C. 01-17) 

2. MFG manufacturing and wholesale (S.I.C. 19-39,50) 

3. TRANSP transport.,'communic., utilities (S.I.C. 40-49) 

4. RET retail (s.r.c. SZ-59) 

5. SERV+FIRE finance, ins., real est., services (S.I.C. 60.a9) 

6. LOGV+ED local gov't., education (S.I.C. 82, 91-94) 
1 

Each of these types of employment was estimated in. EMPIIUC with an additive 

ltnear equation. These estimated equations were shown in Table 5. 

Civen the EMPIRIC results, work was begun on estimation of the parameters 

of a set of equations for employment estimates to be used as input to DRAM. 

The equation form tested was additive linear, and a standard multiple 

regression estimation procedure was used. The variable definitions and 

equations are given in Tables 10 and 11. The same eight sectors defined 

for the San Francisco analysis were used for these Minneapolis-St. Paul 

parameter estimates. The areal system was the same one hundred eight zona 

system as was used by the EMPIRIC and DRAM analyses, and representad a slightly 

greater degree of areal aggregation than the two-hundred ninety-one zone 

system for San Francisco. The regression results, in terms of values of R2, 

were as follows (for comparable sectors): 

Sector DtPMOD 

l. Ag. Forest. & Fish 0.421 } 

2. Durable, Heavy Mfg. 0.758 

3. Durable, Light Mfg. 
0.811 l 

4. Non-durable Mfg. 0.812 

s. Trade 0.866 

6. Finance & Ins. o. 970] 
7. Services 0.901 

8. Cov•t. 0.960 

Sector 

MISC 

MFG 

SERV 
+ 

FIR 

~OGOV 

EMPIRIC 

0.761 

0.714 

o. 758 

0.546 
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E(K) 

EMP(K) 

TIA 

TLB 

BL 

IDENS 

POP 

RDENS 

DGRI 

D(;R2 

DAC1N 

DACCM 

DACG 1 

DACG 2 

DSWR 

STE 

SAC'TE 

SACl!H 

= 

= 

= 

= 

Table lO: DE"PENDENT VARIABLES: EMPMOD 

Ernp1oyment in industry group K (K=1, 8) in 1970 

Emp1oyrnent of type K, in 1960 

(AVL-TL(I)**2: Variance of zonal total land 

MAXTL - TL(I). 
MAXTL - MINTL. 

Normalized 11 11 11 

Industrial land (1960) + Available land (1960) in (I) 

Industrial density (1960) in zone (I) 

= Res. population in (I) (1960) 

= Res. density in (I) (1960) 

= % change in # of households in incorne quarti1es (1+2) 

% change in # of households in incorne quartiles (3+4) 

; ' 

= Change in cornposite accessibility to rnanufacturing emp. 

= Change in cornpos~te accessibility to comrnercia1 ernp. 

= Change in cornposite accessibility to incorne group 1 

= Change in cornposite accessibility to income group 2 

= Change in Sewer system (land) 

% of total emp. in (I) in (1960) 

= % of cornposite accessibili~y to TE. in (I) in 1960 

= % of cornposite" accessibility to HH in (I) in 1960 



Table 11: ESTD~Tt:D E·iPL0\1-!ENT EQUATION FROM E·h·. :;J;J 

El = -0.0181 TLA + 0.0007 POP + 1331,4 DGR2 + 18629. DAGGl - 15748. DACG2 + 8.5920 

E2 = 1.1745 ElLAG + 770532. DACG1- 1009028. DACG2 + 17931. DSWR + 28192. SACTE- 29.163 

E3 = 1.3604 E3LAG + 15.848 RDENS + 23385. DGRl + 23652. DGR2 + 109.96 

E4 = 0.9491 E4LAG + 152642. DACIND - 107994. DACG2 + 166.76 

ES = 1.0515 E5LAG + 0.5846 IDENS + 0.0160 POP + 26253. DGRl + 45314. DGR2 - 131.62 

E6 - 0.8977 E6LAG- 0.1785TLA- 5.7198TLB + 1.9488 IPENS + 0.0035 POP 

+ 4.6650 RDENS + 4471.2 DGRl + 7411.3 DGR2 + 65497. DACGl - 72701. DACG2 

- 3969.4 DSWR + 4157.8 STE + 449.19 

E7 = 0.6957 E7LAG- 0.4636 TLA- 14.782 TLB- 0.6809 IDENS - 0.0089 POP + 30452. DGRl 

+ 26937. DGR2 + 290845 DACIND - 422560. DACCM + 85920. DACGl + 16910. STE 

+ 33841. SACHH + 1136.9 

E8 = ¡,5057 E8LAG- 0.7470 IDENS- 0.0062 POP- 28.378 RDENS + 13015. 13015. STE + 77.806 
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~ There are several points to be noted here. First, as was the case in 

the residential models. these results are not strictly comparable as the 

EMPHOD depend~nt variables are static, while 'the EMPIRIC dependent variables 

are change in regional share. Second we note that the EMPIRIC and EMPMOD 

results are n~t strictly comparable due to different sector definitions. 

There is a further point to be mentioned regarding numbers of zones, 

It has sometimes been asserted that for a given urban area and a particular 

model one should expect increasingly good fits of equations to data with 

decreas ing area 1 d isaggregat ion. In other words, ceteris pa ribus, fewer 

zones y~elds better fits to data, While it was not possible to specifically 

test this hypothesis in the study, the impression gained from working with 

both models on the various data sets is that· this phenomenon, if it operates 

at all, is rather w.eak in its effects. In fact, while it probably operates 

at the high end e,g. a difference between 2oo zones or 600 zones, it probably 

operates in reverse at the low end e.g. a dtfference between 100 ~ones and 

10 zones, Further exploration of this phenomenon is planned for future work 

with DRAM. 

Retail Employment Estimates in DRAM 

Finally, it should be noted that in arder to save projecc time the 

existing, uncalibrated, local serving employment model included in !PLUM 

was used during the sensitivity and policy tests of the DRAM package, This 

submodel should probably be replaced by a better "retail" model during 

future of the DRAM package, 

Summary 

Thus we have developed the two model approaches, EMPIRIC and the DRAM-
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EMPMOD combination. EMPIRIC contains four househo1d types and six 

employment types. DRAM-EMPMOD conta ins four househo\d types and ei gh~ 

emp1oyment types. 

All mode1s were fit (Le. parameters ·estimated) to the same 108 ~one 

. 
da·ta base for Minneapo1 is-St. Paul, 1960 to 1970. EMPIRIC achieved .a 

somewhat better fit to the data than DRAM-EMPMOD .• 

The focus of the wo'rk was on .the res ident ia 1 equa-t ions of EMP~R~C,. and 

·On. DRAM. The. emp1Óyment equations in EMPIRIC, and the whole of ·EMPMOD were 

simply necessary to provide inputs to·the .residential location estimat,es. 

It is worth rioting that a criticism often leve1ed at Lowry derivative 

models,.e.g. DRAM, is that they depend on basic employment estimat·es as 

inpl¡lts. These inputs, it is contended, can never be perfect and there:fore 

must have an adverse effect on the residential estimates. A test run ~f 

DRAM was made with EMPMOD inputs and an alternative run was made with ~ctual 

employment data inputs. The subsequent two sets of residential outputs were 

comp.;¡ red to actual res identia 1 data. The d ifferences in the correl~ti.ons 

between the estimates and actual population were not statist"ically signifi-

cant. Further, it should be recognized that the .outputs of the employment 

equations of EMPIRIC, however perf~ct or imperfect, are inputs to the 

residential equations just as the outputs of EMPMOD are input .to DRAf-1.. 

FinaH.y, though EMPIRIC achieves bet.ter fits to the data, it lac~s 

theoretical form and its estimated parameters do .not agree well with theory, 

intuition,and other empirica1 findings concerning urban spatial phenomena. 

DRAM's parameters do agree with these, but do not resu1t in as good a fit 

to base data as was found with EMPIRIC. 



.. ' Cli.APTER THREE: TESTS OF NODELS 

Int roduct ion 

The previous chapter's comparison of the two models ends 

inconclusively. The EMPIRIC model achieves somewhat better fits 

to the data, but leaves much to be desired in the way of theoretical 

underpinnings. The DRAM package has stronger theoretical underpinnings, 

wh ich a re suppot\ted by the empírica 1 res u lts, but does not achieve as 

good fits to the data as does EMPIRIC. 

In this chapter the models are tested and evaluated in a different 

way. By models we mean, EMPIRIC on the one hand, including all 

population and. employment sectors. The DRAM package, on the other hand, 

consists of DRAM and EMPMOD as described in the previous chapter. Each 

of the models, again using a common data set, is subjected to a wide 

variéty of changes in inputs. The resulting changes in output are then 

compared both to each other and to expectations based on theory and 

existing evidence as to the behavior of urban spatial systems. 

Each type of test was done by making identical input changes to 

both models and observing the resulting changes in output. In sorne 

cases further tests were made of one model and not the other in order 

to further investigate a particular question. 

The tests described below fall into several types: 

l. Changes in population 

2. Changes in accessibility 
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3. Changes in employment 

4. Changes in land use 

Each of the tests involved changing input data to the models, 

and observing corresponding changes in outputs. All tests were made 

usinglthe Minneapolis-St. Paul data base, with 1960 as the base year 

and 1970 as the future year. All results (i.e. test run outputs) 

were compared to a control run of each model (hereafter referred to 

as CR). The CR was also, 1960 to 1970, but no inputs were manipulat~d. 

Some tests can be construed as representing possible policy alternatives, 

while others are clearly just manipulations of the models. The tests 

described, a subset of all those done, rather clearly illustrate the 

model's capabilities. Many additional tests might have been run but, 

as the reader will find by the end of this chapter, they were un­

necessary for the purposes of this project. 

Changes in Population: Low Income Household Reductions 

These tests were made for several different zones. One example 

was for Zone 57 in the Minneapolis urban core (see Map 1). In this 

zone a simplistic form of "Urban Renewal" was done, all low income 

households were removed in the base year. This amounted to 697 low 

income households, or 79.6% of the households in Zone 57 in~e base 

year. The EMPIRIC base year input, being expressed in shares (as 

discussed in the previous chapter) was changed so that the 
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MAP 1: MAP OF TWIN CITIES REGION WITH ANALYSIS ZONES SHOWN 

(Minneapolis and St. Paul CBD areas shown enlarged) 
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region's_share of low income households in Zone 57 was zero. 

The responses of the two model packages to this input change were quite 

d ifferent'. EMPIRIC showed virtua lly no response. Differences between th is 

test run and CR were in no case more than 0.05% of CR. This result is 

contrary to one's intuit'ive expectations. Reference to the EMPIRIC equations 

in Table 5 of Chapter 2 will provide an explanation. Base year low income 

1ouseholds (LIQ) appear only in the fir~t equation, and· would have the value 
\ 

0.0044 (LIQ for Zone 57 divided by the region's total LIQ) in the CR. Given 

this value, the coefficient of -0.415, and the additive form of the equation, 

deletion -of-LIQ-will produce only a very small change in 6LIQ. This very 

small change appears on the right side of the equations for the other 

population types and government employment. In each case, the fractional 

coefficient and the additive form of the equation suggest that differences 

from CR will be minimal. In fact, they turn out to be negligible. 

The DRAM response to this input change was quite a different matter. 

Compared to CR, the low income households in Zone 57 were down 65% in the 

project j on year. Lower midd le in come households were down 42% in Zone 57 .• 

At the same time upper middle income households increased 16% while upper 

income households showed a 15% increase. The absolute sizes of the two 

upper income household c'lass increases were, however, rather small, so ttte 

zone showed a net household decrease of 47% compared to CR. These results 

are very like actual metropolitan experiences with renewal attempts. 

Renewed center city zones often remain relatively empty for a t:ime, with 

perhaps sorne increases (significant percentages but small absolute numbers) 

in upper and upper middle income hou~eholds~ 

It is worth noting where the displaced households relocate~. Of the 

697 low income household3 removed from Zone 57 in the base year, 241 returned 
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zone. Of tlte rema inde r 194 re located in a ring of zones adjacent 

to Zone 57, mostly in those zones with prior large numbers of 1ow income 

households. The remainder of the low income households relocated throughout 

the region, with emphasis on the next adjacent ring of zones and in two zones 

adjacent to the St. Paul urban core; in a11 cases, zones with relatively 

large numbers of low income households in the base year. 
1 

(Table Al) 

A second DRAM run was made, differing in that the deleted low income 

households were not allowed to return to Zone 57. The pattern of these 

results was identical to those of the previous test. In al1 cases the 

results simply showed slightly larger responses. (Table A2) 

Pursuing this line of experirnent with DRAM, a second pair of test runs 

was made for Zone 49. This zone, in the CR was a rather rapid1y growing 
(¡ 

upper-middle and upper income suburb. In the base year 384 1ow income 

households, 7. 5% of the tota 1 households in the zone, were de1eted for the 

test run. By the projection year there were 928 1ow income househo1ds, 

making 8.3% of the new total. In CR the corresponding figures are 1046 

and 9.2%. For the projections of other househo1d types in the test run 

the respective percentages were lower-middle income 19.0%, upper-midd1e 

income 34.6% and upper income was 38.2%. In CR the corresponding figures 

were 20.8%, 34.3%, and 35.7%. Thus, the elimin~tion of a sma11 1ow-income 

enclave in the base year did not prevent growth of low income households in 

in the zone, but did slightly retard that growth. (Tab1e A3) 

The test was rerun, with the same deletion, but prec1uding the return of 

low income househo1ds (perhaps s imulating large 1ot zoning?). In this case 

there was a net decrease in the zone's population of 9.9% compared to CR. 

There were no 1ow income households, a 23.0% decline in 1ower-midd1e income 

1 Table references at the ends of test run discussions are to tables 
included in Appendix II, which tabulate selected, re1evant, run outputs. 
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households, a 0.2% increase in upper-middle income househo1ds, andan 11.3% 

increase in upp,er income households. The low .income households '"'hich were 

prevented from 1ocating in Zone 49 all 1ocated in the zones falling between 

suburban Zone 49 and the Minne;apolis urban core. ,Apparent1y the excJusíon 

of low income households from this suburban zone has the effect of prevent ing those 

households_ from 1eay,ing th_e_ urbanized a rea -immed iately ad jacent to the city 's 
1 

core. (Tab1~-A4) 

Having tested 11urban renewal" in an urban core zone, and in a suburban 

zone, one more DRAM test was made, for Zone 56, midway between the core and 

the suburbs. In this case, 1000 low income households were removed from 

the base year. This was a 10.2% decrease in the low income households and 

4.8% decrease in the total households in Zone 56. In both the test run and 

CR the zone's households increased substantially from the base year to the 

projection year'. The test run showed fewer low income and low-middle income 

and more upper-middle and upper income househo1ds than did CR. These four 

household types showed growths of 82.9%, 56.7%, 26.1%, and 1.8% in the test run 

and of 102.6%, 67.6%, 25.7%, and -2.9% in CR. Thus again, a decrease in low 

income households in a zone in the base yeaJ retards the growth of the lower 

two income groups, and s1ightly accelearates the growth of the two upper 

income groups. Finally, even though the deleted 1ow income househo1ds were 

not prevented from returning to the zone, most re1ocated in adjacent zones 

slightly closer to the urban core. (Table AS) 

As a last test run in this series, a run was made where 1000 low income 

households were deleted and 1000 upper income househo1cls were added to Zone 56 

in the base year. Comparison of this test run to CR yielded differences 

almost exact1y doub1e those found between the previous test run ónd CR. (Table A6) 
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To '>ummarize the results of the fj rst in this series of tests: 1) 

EMPIRIC shows ro response in eíther populatío~ or employment, 2) DRAM 

shows excellent population response and almost no employment response. 

EMPIRIC's lack of response ís. not surprísíng gíven íts equatíons and 

paramcters, but ís ínconsístent wíth current theoretical and empirical 

findings. DRAM's response was su~ficiently interesting to suggest a 
\ 

further set of tests. On their conclus ion it appears that the population 

responses of DRAM are quite in keeping with our current understand ing of 
' 

the actual phenomena being simulated, DRAM's lack of employment response 

is perhaps explained by the fact that the population changes, while sig-

nificant, are of small absolute magnitude and therefore do not stimulate 

a noticeable employment response. 

G•angcs in Population: Low Income Household Increases 

In the same way that a decrease in a zone's low income households may 

be used to crudely describe a simplistic fórm of urban renewal, an increase. 

in a zone's low income households may be used to crudely describe a public 

housing project. A series of test runs was undertaken to study this 

phenomenon. 

A zone midway between ·the urban core and the suburbs (Zone 37, see Map) 

was selected for the first of these tests. One thousand low income households 

were added to this zone in the base year. Once again, EMPIRIC showed virtually 

no response to this change in inputs. DRAM, once again, responded in a way 

consistent with theoretical and empirical findings by others. 

_ In Zone 37 DRAM showed project ion year increases, compared to CR, of 

41.1% in low income households, 30.5% in low-middle income households, and 
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1.1% in upper-rnidd1e incorne househo1ds. Upper income househo1ds shoHed a 

5.4% decre~se cornpared to CR. Overa11, Zone 37 showed an 11.3% increase 

in tota 1 househo1s in the test run, campa red to CR. Thus the add ition of 

the 1000 low incorne househo1ds in the base year (a 21.2% increase in the 

iot:te's base year total househo1ds) yields a rather strong tendency for .the 

zone's household cornpositj_on to change. In the control run, the cornposition 

is 18.0%, 22'.3%, 29.2% and, 30.4% low income to high ·income respectively, 

and ín the test run the composition is, 22.8%, 26.2%, 26.5%, and 24.4% for 

the four income groups, 1ow incorne to high incorne respective1y. Finally, 

we note that the household types which increased in Zone 37 were drawn from 

a ring of'adjacent zones, and the upper income households which left Zone 37 

dispersed to the ring of adjacent zones. (Tab1e A7) 

To further explore this phenomenon two further DRAM test runs were 

rnade for two suburban zones. In the first of these runs Zone 32 received 

an incrernent of 1000 low incorne househo1ds in the base year, and in the 

second run the incrernent was put in Zone 33 instead. The results in both 

these runs were virtually identical. Comparison of the test runs to CR 

showed increases in low income and 1ow-middle income households and decreases 

in upper-rniddle and upper income households. For Zone 32 the percentage 

composition of househo1ds was 10.0%, 24.3%, 34.8%, and 30.9% (1ow to high 

incorne) in CR and changed to 13.9%, 31.4%, 31.0%, and 23.9'7. in the test. 

For Zone 33 the figures were 9.1%, 24.2%, 35.7%, and 31.0% for CR and 12.7%, 

31.5%, 31.9%, and 23.9% for the t~st. Thus the introduction of low income 

hous·ehold incrernents to suburban zones in the base yea r produced .long te·rm 

changes in the zones household ccropos it ion. (Tab1e AS) 
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A fina 1 test run of a low in come household increment was made for a 

rural zone. Zone 94 is a rural zone which showed a net decline in population 

from the base year to the projection year. The bulk of this decline was in 

the low income households who dropped 66.4% from the base year to the 
. _, 

projection year. During the same period the high income households increased 

43.5% in the zone. The addition of 1000 low income households to this zone 

- - \ 
in the base period only partly altered its situation in the projection year. 

Law income households still declined, though by a somewhat smaller 47.4%. 
~' . \ ' , ' . 

Lower-middle income households grew by 25.8% compared to a decline of 11.6% 

in CR. Upper-midd le income was re lat ive ly unchanged, growit:J.g by 28.7% in 
: ~. 

the test run and by 24.5% in CR. Finally, high income household grew by 

28.0% and 43.5% in the test run and CR respectively. (Table A9) 

To summarize the results of these tests, where low incorne households 

are added to a zone, we find EMPIRIC not responding and DRAM responding as 

expected. Adding low incorne households in the base year changes the zones 

projection year household distribution. The shift is in the direction of 

increases in low and low-rnidd le in come households ·and decreases in h igh 

and high-rniddle income households. The extent of the shift depends on the 

initial total population and population composition of the zone. 

Changes in Population: Upper Income Increases 

As a final set of DRAM population tests, two runs were made where upper 
,. . [ 

and/or upper-rniddle income households were added in the base year. In the 

first of these tests 1000 upper income households were added to Zone 74 in 

the base year. This Ls a populous zone, well within the urban area, but 
•. ' ) 

not in the core. These new households represented a net increase of 16.7% 
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and a 40.0% increase in high income households. The result of this change 

was that the high income households in Zone 74 ,grew somewhat more in th~ 

test run than in CR. and all other income classes grew somewhat less. {Table AlO) 

The second of these runs was a test of Zone 94 (a rural zone used ahove 

· for a low income increment test) in which an increment of 1000 high income 

plus 1000 h igh-midd le in come households was added to the zone in the base 
1 

year. This produced results similar to those produced by the high income 

household 'increment, but not quite so pronounced. (Table AlO) 

Changes in Population: Summary 

EMPIRIC shows no response to exogenous changes in base year population 

(households) DRAM shows responses consistent with both theoretical and 

empirical descriptions of urban phenomena. This is amply demonstrated by 

an extensive series of DRAM tests. Briefly stated, increases in low income 

households in a zone produce decreases in high income households, decreases 

in low income households produce increases in high income households, and 

incrcases in high income households produce decreases in low income households. 

Ripple effects are often observed in the ring of zones adjacent to the zone 

in which the test was effected. 
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r_·,_anges in Access i.bili_!:,y_:_R~ionwide 

Measures of the ease or difficulty of interaction between activities 

are central components of virtually all urban spatial models. This 

interaction phenomenon is contained in the severa! accessibility variables 

found in EMPIRIC, and is an integral part of the DRAM fonnulation in the 

form of the trip probability function. The next series of model runs 

described were intended to evaluate the models' response to changes in this .. 

variable. 

Throughout the literature on transportation and urban development 

one finds the observation that where transportation is readily available_ 

and consequently, access is great, development tends to be s~read out.· ~ 

Similarly when access is poor, development tends to be more concentrated 

and, in the case of larger regions, subnucleated, Recent experience 

throughout the United States amply demonstrates the generality of this 

phenomenon, with virtually every transportation improvement being closely -: 

followed by further spread of activities. '-· 

The fir~c tests of the models' performance in response to access .-.t; 

changes wer.e with respect to regionwide changes. These tests might, .for , '· 

example, represent significant increases or decreases in fuel ~ost an~/orc ,;-,· 

availability. In the first run there was an arbitrarily imposed increase 

in impedance (i.e. an increase in travel time and/or cost and a subsequent 

reduction in accessibility). EMPIRIC showed no response to ,this input. 

Before discussing the DRAM response it may be useful to describe the 

mechanics of implementing the5e changes in the models. 

In both models the initial datum is a zone-to-zone matrix of travel 

times or costs (or sorne composite figure). For the Minneapolis-St. Paul 



54 

data base the interzonal travel times, estimated for an unloaded (un-

congested) ne~work were used in the models. While the congested travel 

times are preferable for these models, they were not available for use in 

this project, For use in DRAM, these matrices are simply one of the data 

inputs_and are used directly,in the running of the model. Changes in these 

impedances may be implemented by áctually modifying the dataset or by adding 
1 

the modification to DRAM's input routines, thus modifying the data as it is 

read in. In either case, a regionwide increase or decrease can be accomplbshed 

by mult.iplying by 1.1 or 0.9. Parking charges can be imposed by adding t~ the 

vector of impedances terminating in the zones where charges are to be ins~i'tuted. 

Improvements between various zones and other zones can be imposed by multiplying 

' the appropriate end/or golumns gf the impednnce mntrix. All in all. cl1Ang~8 fn 

~pedance for DRAM are easy and direct. 

In EMPIRIC, the procedures are more complex. The model package conta ins 

many programs for manipulations of data inputs and outputs. Modification of 

the inputs to EMPIRIC involves severa! steps of processing data through 

various programs. For impedances, there are many processing steps resulti~~ in 

the several accessibility measures. Each of these measures is a vector of 

length n (n equals the number of zones). Finally, these vectors are conver~ed 

to regional shares, i.e. scaled so their sum equals 1.0 exactly. It is 

precisely this scaling that results in EMPIRIC's. nil response to regionwide 

changes in impedance, zone specific changes do produce responses as will be 

discussed below. 

DRAM showed a consistent response to the first nm of this set, whil.i1 

involved a regionwide 10% increase in impedances i.e. highway times and/ot costs. 

The low income household response to this was mixed, with sorne fringe areas 
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s'h.owing clecl ines compared to the CR, and some showing increases! The other 

three income classes were, however, uniforn1 in their relative decreases in . ' 

the urban fringe zones. The implicatio'n here, are which certainly neec.ls 

further study, is that ceteris paribus, low income households are the least 

sensitive to travel costs. It may be not so mucha matter of insensitivity 

to changes l.n travel cost as a matter of inability to respond to those changes, 

i 
due to other factors such as housing discrimination or limited employment 

opportunities. This, of course, ties in with the interpretation of the 

distance parameters discussed in the previous ch~pter. The net effect on al1 

households is that 15% of the regions zones, all 1ocated at the urban-suburban 

fringe, show~d re1ative declines_of 10% or more compared to CR. At the same 

time, while less marked, employment showed some degree of centra1ization and 

a good deal of churning in the core and near core. Map 2 shows the zones with 

10% or more decline in total households, the declines were absorbed (i.e. 

matched by increases) in the urban cores. 

The second run of this set involved a regionwide 10% decrease in impedances. 

Again, DRAM's low income household response was mixed, with equal numbers of 

fringe zones showing gains or declines compared to CR. The lower-middle income 

households showed a strong tendency towards decentralization, with gains of ·10% 

or better in a ring of fringe zones completely surrounding the metropolitan area. 

Upper-midd le income househo lds and high income households a lso showed st rong 

decentralization response to this regionwide impedance decrease. At the same 

time, Bas ic 1 employment de el ined in the u rban core, Bas ic 2 employment showe-:J 

signs of beginning suburbanization, and Non~basic employment declined in the 

urban core. The net effect of these impedance decreases is a substantia1 

decentralization of population and the beginnings of decentra1ization of 
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DLJE TO REGIONWillE IHPEDANCE INCREASE 



57 

emplo~nént, as compared to CR. Map 3 shows zanes with a 10% or more 

increase in tata~ hausehalds, the corresponding.declines were all in and 

adjacent to the urban care. In short, relative decreases in transportation 

costs,encourage further urban s-erawl, while relatíve íncreases in trans-

,portatian costs discourage sprawl and perhaps _even encourage re-centralization. 

01anges 1n Accessibílity: Zane Specific 

Tht secand graup of access tests involved changes in impedance between 

specific zones and the rest of the regían. The first in this group of tests 

invalved a small improvement in the accessibílity, to the rest of the region, 

of a zone on the auburban-rural fringe (Zane 24). This improvem~nt was in' 

the fonn of a 5% reduction in impedance from that used in the CR. Theor€tícally 

one wauld expect modest increases in population and employment in the affected 

zone. Since their impedances (access) to the regían would rer:tain unchanged, 

the:e '..Jould be little or no spillover effect to surrounding zon~s. We note 

tha t an actua 1 transport improvement to one zone wou 1d s irnu ltaneous ly affect 

others because the network would connect many zones to each other via the 

improved link(s). In an integrated transportation and land use model this 

cou1d easi1y be simu1ated as the transp?rtation system is described and used 

in link-by-link fonn. 
1 

This was not possible in the present project due to 

the use of irnpedance data in lieu of the actual networks. 

The EMPIRIC response to this test was minima1. No population or 

employment sector changed as much as 1% from the CR. 

The DRAM run showed responses more in accord with expectations. All 

household types showed increa'ses between 10% and 19%, with total househo1ds 

1 
Putman, s. H. (1974) "Preliminary Resu1ts from an Integrated 

Transportation and Land Use Models Package", Transpartation, Vol. 3, pp. 193-224. 
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in Zone 24 íncreas ing by 13.3% comp a red to CR. Tota 1 emp loyment in the 

, zone showed a s'light increase of l. 1% compared' to CR. The non-has ic 

employment showed the greatest increase, 9.4% compared to CR. There were 

virtually no effects in surrounding zones, as the absolute change in 

households in the zone was only 221, with only 14 more employees. (Table All) 

The second test of this pair involved a 20% improvement in accessibility 

of the same zone (Zone 24) to the rest of the region. The expectation was 

that the results should be sirnply an amplified version of those from the 

previous· test. 

The EMPIRIC results were still minimal. The population changes were 

still less than 1%, though the total employment for the zone did show a 3.7% 

increase. The DRAM results showed a 67.9% increase in total households and 

an 8.0% increase in total employment. Though these changes seem large, it 

must be remembered that a 20% improvement jn accessibility of an individual 

zone to the entire region is a phenomenal increase in accessibility; alrnost 

equivalent to replacing an unpaved road with an expressway. (Table Al2) 

The same pair of tests was then repeated for an urban core zone (Zone 64). 

The first of these runs was for a 5% accessibility improvement for the zone. 

The EMPIRIC response to this change consisted of very slight declines in the 

lower two fncome e las ses and modes t increases in the upper two income classes. 

Total employment increased by approximately 2% in the zone. This is the first 

EMPIRIC run to show any noticeable response. The results are in accord with 

what one expects from looking at the equation coefficients, but not quite 

what might be expected from other theoretical and 'empirical findings. It 

is· not e lea r why improved access ibil ity of an u rban core zone shou ld cause a 

decline in its largest population groups. Typically when expressways have 



connected to urban core areas the areas have experienced declines in 

upper income groups and increases in lower income groups. 

The DRAM response to this change in accessibility was a 4.4% decrea~e 

in upper-midd le income households, increases of approximate ly 2% in low~ 

middle lncome and high income households, and a substantial increase of 20% 

in low income households. These results are more in a~cord with our 

expectations. 1Employment in the zone shows a total increase of 10,3% 

compare~ to CR. (Tao le A 13) , 

R~running these tests with a 20% accessibility improvement produces 

similar, but stronger responses in all cases. We note that in the EMPIRIC 

run the decline in low income households was taken up by adjacent urban 

zones and similar zones in the St. Paul urban core. The increase in high 

income households was at the expense of suburban zones running northwest 

from the Minneapolis urban core. In the DRAM runs the low income increment 

was drawn from adjacent urbanized zones, while the upper-middle income 

decline was taken up by severa! suburban zones. (Table Al4) 

In summary, DRAM is again more responsive than EMPIRIC, in this case 

' to changes in accessibility. EMPIRIC shows no response whatever to regionwide 

changes in accessibility, DRAM shows increased urban sprawl or decentralization 

with regional improvements in access, and decreased sprawl or centralization 

with regional access decreases. When access to a specific zone is increased, 

- DRAM shows increases in population and employment. If the improvement was 

for a suburban zone, all types of population increased. When the improveme~t 

was for an urban area the principal ~ncrease was in low income households, 

with a decline in upper~middle income households. All in all, even though this 

was the first set of tests to evince any response from EMPIRIC, the response 



d id not seem to be correct. DRAM, aga in gave the proper response though 

we hav·:. some m,inor reservation as to l.Yhether it may have been an over 

response. 

Changes in Employment: Basic 

A third set of tests of the models was run in the forro of changes in 

base year employment in a zone. In each case an arbitrary increase was 
'~ . 

added to the base year employment in a particular zone. The regional 

forecasts for the projection year were not changed, so that any projection. 
- r 

year increase, compared to CR, in one zone was at the expense of sorne othe: 

zone. A large number of test runs of this sort were made, but only sorne of 

them, enough to describe the model's responses, are discussed here. 

Again, an urban and a rural zone are described, the same zones (Zones 

64 an~ 24 respectively) as were described in the accessibility tests. 

Taking .first a 10% increase in basic (the sum of BASIC 1 plus BASIC 2) 

employment for Zone 24, EMPIRIC shows _virt-uaUy n-o response. DRAM shows 

_1/irt_u>ally -no population response, anda total ernployment increase of 3.3% 
:' 

for the zone. Thus in both cases the 10% basic employrnent increment was 

dispersed throughout the region with no significant effect. (Table Al5) 

The second set of runs had a 30% increase in basic employment in the 

base. year for Zone 24_. EMP_!RIC_(!gain shows virtually no response. DRAM 

shows a total population response of less than 1% increase above CR. There 
)". _) 

is a net employment increase of 10%. This looks small until realizing that 

the 30% increase in t he base year was 84 BASIC 1 ernployees and 5 BASIC 2 

employees. This yields an increase of 113 BASIC 1 and 8 BASIC 2 ernployees 

over CR for the projection year. This is a multiplier of 1.35 and 1.60 
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for each of these employment types. 1~ese changes were so small as to have 

negligible effects on adjacent zones. (Table Al6) 

A similar pair of test runs was made for the urbanized Zone 64. The 

DRAM run showed in creases of· 13.6% and 12.4% for BASIC 1 and BASIC 2 

respect·ive-l.y in response to the 10% bas ic employment increment. But as 

basic ernplcyment is on1y 25% of the zone's emp1oyment, the total employmen~ 

in t.he 70ne shows a net increase of 2.3io compared ~o CR. Popu1ation therE!fore 

shows virtuelly r.o change. (Table Al7) 

The EMPIRIC run of the 10% test showed no population change and an 

employment change of 14 .t~% increment to BASIC 2. The EMPIRIC run of the 

30% test showed no population change and a 43% increase in R~SIC 2. (Tabl~ A17) 

The DRAM response to the 30% test showed small changes, less than 1%, 

in population and 41% and 37% íncreases in BASIC 1 and BASIC 2 respectively. 

The net employment increase for the zone was almost 7%. There were modest 

increases in low inccme households in all the zones adjacent to the Zone 64 

test zone, at the expense of urban core zones in both Minneapolis and St. 

Paul. (Table Al8) 

Changes in Employment: Non-Basic 

A similar set of runs were made with changes in non-~asic employment 

in specific zones in the base year l. These results were similar to the 

Basic employment runs. DRAM showed small (almost negligible) changes in 

population, and employment changes mostly made up of the exogenous change. 

EJ1PIRIC showed no populdtion response and conflicting patterns of employmen.t 

changes. (Tables Al9-A22) 

To su!TUllarize the results of changing base year employment, neither 
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model shows much response to significan~ p~rcentage increases in employ-

ment if they are not significant absolute inc.reases as well. DRAM does 

demonstrate an employment multiplier effect, in that a base year increase 

of X% basic emplo~nent yields a projection year inc~ease pf (l+a)X%. 

EMPJRIC shows no response when ,suburban or rural zones pre tested. In 

urban areas only BASIC 2 emplo~nent changes in the pr~jection year even 

though both BASIC 1 and BASIC 2 were changed in the base year. EMPIRIC 

in no test shows any population response. In DRAM significant population 
1 

response resulted only from large employment chpnges anQ was principally 

a matter of low income }:tousehol<;) increases in zones whe,re there had been 

Jarge emplo~n·ent increases. 

01anges in Land Availability 

The last group of runs to be discussed here involved tests of several 

degrees of land conservation policy. Each of these runs adopted a different 

policy as to the definition of open space for preservation. In effect, each 

of these runs removed differept amounts of land from the available developable 

land in each zone. 

The first set of runs deleted floodplain areas from available developable 

land. These areas were, of course -located along the various rivers and streams 

that flow through the area. 

The EMPIRIC run of this test showed moderate increases of low income 

households in older, but not core, urban areas. There was no signifjc.=:nt 

movement of lower middle income households, while there were large declines 

in the upper two in come groups for those same urban, but not core, a re as. 

The low income increases were drawn from throughout the region, and the two 



64 

upper income decreases were up, in zones throughout the region. The employ-

ment response'was ~ostly a matter of modest churning movements throughout 

the region. 

The DRAM run of this test showed modest decreases in all income classes, 

througr.out the region, taken up by large increases in zones adjacent to i:he 

urban core areas. Th~ lowest and highest income household~ were least 
1 

affected, with only modest changes. The two middle income household groups 

showed more substantial changes. Employment showed modest churning throughoUIJt 

the region. 

The second ~et of runs deleted both floodplains and aquifer recharge 

areas. The sum of these began to be a substant ial amount of land. Both the 

EMPIRIC run of t;'h is test and the D~ run of th is test showed considerable 

churnjng of both households and employment. A det~iled, zone-by-zone, analysis 

of these runs is the only way to properly describ7 the results since the 

policy proteqted acr~s do not conform to the more traditional urban vs. 

suburJ:>an or .rural sorts of descriptions. Suffice it to say that constra ints 

on tlje use of land of the magnitudes involved here, produce rather substantial 

locational effects throughout the region. 

In the next set of runs the land policy was even more restrictive, 

prohibiting use of floodplain, aquifer recharge areas, and wetlands. As 

would be expected both EMPIRIC and DRAM responded to this policy with even 

more churning of households and employment. It is interesting to note that 

their responses were very different, one from the other, even to the extent 

of being almost opposite. Closer investigation revealed that while the 

response was smaller than would be expected, the EMPIRIC responses were in 

the proper d irection. The DRAM responses were, in sorne zones, backwards. 



This was traced to di,screpancies in the policy descriptions which attempted 

to preserve more land than was available. C9nsequently it was not.possible 

to fully evaluate the DRAM responses to these polícies in this study. Sub­

sequent work with the rnodel has corrected these problerns so that the$e policy 

tests will eventually be properly exarnined. 
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CHAPTEH FOUR: CONCLU S ION 

hlhen, in the early 1960's, the first urban computer aimulation mode]s 

11-1ere being developed, one. of the principal goals was to develop thc 

capability of assesslng the con~equences of various urh~n renewal plans 

on the spatial distri.bution of .?.ctivitíes. It wns hopeo that different 
\ 

public policies capable of altering the mix of acti'Tlties in a zone could 

enter the models :i.n var.i.ous forms. The arrival·or der,arture cf an em!JlOy·· 

ment facility would induce significant effects in the model outputs. The 

arrival of a uumber of households of a particular íncorue class might well 

result in changes in location of other hous'eholds and pcrhaps of sume 

employces too. Símilarly the departure of a group of households would 

probably further •. ~.nducc cha:1ges in a zone's actívity mix, 

Further, it was hoped that tha dcnsity and degree, or extent, of 

,-Jevelopment in ·a zone would also be affected by policy input:s. Clearance 

of certain types of structure would change density as \Wuld the erection 

of new structures. The construction of large new developwent, Si:IY of single 

family residential homes, or ata different densiLy -- of apartments, would 

change both the zone's de,nsity as well as its exteut of development. These 

changes wou ld induce other changes, both in ernployment and i.n popu lat ion 

location. In a.related way, changes in the aruount of land available in a 

:t.one should affect future location of activities in a zone. More, stdugt,nt 

land use controls, having the <.~ffect of reducing availabl.e land, will changa 

the pattern of acti.vities locathtg ln a zone. Similarly holding bl:'lck iand 

from development should also res11Jt in changed locatton patterns. 
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Finally, the spatial separation of activtties from each other was 

expected to be a key variable in these models. This variable is usually 

expressed in terms of travel times and/or travel costs between zones and 

activities. Thus any substantial change in the transportation facilities 

should result in a change in activity distributions. 

Many modeJling projects were begun. with very few being successfully 

completecl. It ~1as a chaotic time for urban modelling. Each model had its 

proponents who claimed that their's was 11 the way". Not many of these models 

have survived, though there are occasional uses of one-time-only models or 

newly developed ones. The majority of recent model applications have been 

of eitlter EMPIRIC or Lowry derivative models, with bas ic research efforts 

being performed independent of ongoing applicatíons. Thus it seemed to 

be a good time to assess these two most-used models and to subsequently 

provide sorne guidance-as to·future applications of existing models as well 

as to directions for future research efforts. 

The results of this project are quite clear. EMPIRIC achieves good 

fits to base data, but is not adequately sensitive to changes in input 

variables. This is probably due to its lack of an explicit theoretical 

form. The rnodel has, however, been very useful for shorter terrn urban 

projections and it should be rernernbered that at first, even its authors 

clairned associative validity, rather than any genuine theoretical validity. 
1 

' 

The best of the Lowry derivative rnodels in current u.s. use would ~o~ 

have compared especially well to EMPIRIC. Its theoretical structure is 

rudimentary, its disaggregation of population types is accornplished 

l Hill, D.M. (1965) op.cit. 
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independent of the l0catton proccdure, and i.t relfes ·on several exogenously 

defined constraint mechanisms to achieve its relatively good iita to bn·>e 

data. Finally, there was no standardized procedurP for a gtalisticallv 

vali.d estimation of its paraméters. Taking e c4e from current Britis!! 

modelli.ng practice, the modE:l was reformulated in a more theoretio!lly 

~or.rcc:L fv._-,,, su ~.s ~·:, :!) _,: (•t,· for explicit disaggrcgation of t11e populatL,.H 

;;s pa1t.oí the location proces.s~·2) eliminate the need for the exogenQI!r, 

const-l'aint procedures, and 3) define the proper method for estimating its 

pa<ameters. At Lhe sarne time 1 the model differed from current British 

'practice by making use of a muJ tivariate zonal attractiveness mea su :te, a 

particular· feat;ure of m.sny of the U.S. de•.reloped Lowry derívsl:ives. 

This new model, called DRAH, diu not fií: the base data quite as well. 

as EMPIRIC. However, íts response to changes in input variables wa~ 

excellent. This, coupled \Jith tlw empirical confinnatíon of the model's 

fonn by its pararneter estímate¡¡, ind:i.cates that it would give more accurate 

forecasts than EMPIRIC. This is expecial ly the case when the fore<.:asts 

are of responses to policy inputs" 

OJrrent research ~vith DRA.M is proceeding in several directions. Firsi:, 

attempts are underway to routin1ze its parameter estimation procedure. This 

procedure, \.Jhich utilizes mathematical search procedures • is no more CO!Tlpl.::x 

than nrultiple -regression, but is Jéss wcll known and thus may cause sorne 

apprehension in potential users of tbe model. It is huped that several 

case study applicatic,n~ o{ the modP:l ivill help to ameliorate th2s¿ problem<-. 

Second, further testíng and i:nprove:me!)t of the wodel ib.eJf is und~n"''' 

includ ing its fitting to as mar.y di fferent data sets as poss ible in o\·,fer 
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to test its cons Lstency ior different urban areas. Finally, DRAM has- been 

incorporated in the Integrated Transportation.and Land Use Package - ITLUP 

as a part of an ongoing research effort. 1 

It is perhaps only a lit.tle presumptuous to suggest that this work 

be used to mark the end of an era. For policy sensitive forecasting 

applications it would seem to be difficult to justify using anything other 

than a Lowry derivative model, perhaps DRAM, and calibrating it by the 

procedures discussed in this report. For future research efforts, it seems 

reasonable to suggest attempts to extend the theoretica1 structure of this 

model in the direction of bridging the gap to micro-economic theories of 

behavior on the one hand and in the direction of ful1er integration of 

models with p1anning processes on the other. Were these suggestions to be 

followed,app1ied mode1; wou1d reflect the most advanced techniques 

practical for p1anning purposes at the same time that their resu1ts wou1d 

provide feedback in the form of empirical results which could influence 

ongoing research in urban spatia1 dynamics. 

1 
Putman, S. H. (1974) op.cit. 
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Intrcduct:ion 
-----~-----

As part of a Nat:lo:icll Sci-"!nce f'oundation sponsored effort to compare 

the perfonnances of twq diffetent land use modcls calibrated on the same 

' '1 

data base, several fundamental problems in urban land use modelling have 

been encountered,and partlally resolved. In paTticular, the fact that no 

Lowry derivative land use model had ever been properly calibrated in u.s. 

practice became abundantly clear. In arder then, to accomplish the desired 

comparison• of different models on a common data base, it became necessary to 

develop a calibration_procedu~e for these models. The development of this 
1 

calibration procedure in turn suggested a reformulation of the model which 

appears to 'be much superior to the original and which is sufficiently . 

d if ferent to jus tify a new na me, Disaggregated Res idential Allocation Mode l -

DRAM, which will differentiate· it from its predecessor. A rather unique 
. 

characteristic of this model, cast in entropy maximizing form, is its 

rnultivariate attractiveness measure. 

Background 

The developrnent of the Lowry rnodel of land use distribution (Lowry, 

1964) along witb that of numerous derivatives of its basic model structure 

has been described elsewhere (Goldner, 1971; Putman, 1975). Sorne years 

after development of these models had begun in the u.s., substantial.further 

de ve lopment of them was undertaken in Great Britain (Batty, 1972). Inter-

estingly, despite the model's or!ginating in the u.s., sorne of the most 

fruitful work in extending the concept has been done in recent years in Great 

Britain. Further, and of critica J. importance to applications of the model, 

the question of estimation of the model's parameters has to the knowledge 

' 
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of this author. never, with perhaps one exception (Voorhees, 1972) b~cn 

properly settled in any u.s. work. fn contradistinction, it appears that the 

'B:dtish work has produced rather conclusive .evidence as to the meann ~y uhi.,;h 

these models may be calibrateó (Batty., 1970¡ Batty and Mackie, 1972). 

A mod ified vers ion of the lncremental Projective_ Land Use Mcde 1 { i;PLUM) 

was- úsed in the Integrated Transportation and Land Use Package (ITLUP) •- This 

ITLUP Ve'rsion of !PLUM is fully descri.be<::l el sewhere (Putman, 1973). In\ brief, 

' \ 
the res.idential portien of this model allocates increments of res iden~ial 

locators to their places of xesidence in response to increments in has le em-

ployment and changes in the transportatibn facilities. This response is 

determined by a probability function which describes the distribution oL work 

trips, and by a measure of res idential attractiveness for. each potential• 

location zone. The purpose of this paper is to outline the steps thought to 

be necessary for a proper calibration of the ITLUP-IPLUM, and which ultimately 

led to the development of DRAM. 

_Virtually all Lowry derivative models used in the u.s. have as their 

residential allocation function sorne forro of the following expression. 

where, 

= g E p .. Ej 
j lJ 

(1) 

N
1 

= nwnber of residential locators locating in area i 

pij = the' probability of living in area i and working in area j 

E. 
J 

g 

"" the number of employees in area j 

= a ,scaling factor such that the sum of the N. over all i 
1 

·equals an exogenous control total 



there are often other scaling or multiplier factors to convert from 

employees to households and to assure internal consistencies of various 

types. 

The pij is most important component of equation (1). In the original 

Lowry model, the function used was: 

where, 

R 

= (D ) -1.33R 
\ ij (2) 

= airline distance between the centroids of area i 

and area j 

= number of zones in an annulus Dij miles from the origin 

In various of the Lowry derivative models, p
1
j.is rnodified to include 

measures of the attractiveness of area i. In particular in the ITLUP form 

of !PLUM, 

= (3) 

where, 

(4) 

O. a rneasure of residential 11opportunities" in i 
~ 

Dij - travel time between centroids of zones i and j 

~.A = empirically derived parameters 

The measure of opportunities is basically an adjusted rneasure of 

residential holding capacity (previous level of residential density times 

3 
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amount of available land). The adjustment Q
1 

is a logistic curve function 

-
ofp the proportion of the developable land in zone i which has been develop-

ed by the end of the base time period. 

This is: 

v r (5) 01 = ai·(h/a i) (Qi) 

where 

V vacant acreage in i ai = zone 

o'l.¡i = housing units in zone i 

r .a
1 

= residential acreage in zone i 

Q
1 

= development level factor 

and, where 

Q. 
'Y (6) = 1-

1 

where 

Y, F. = parameters 

x
1 

= the percentage of developable land area in zone 1 

which has been developed 

The parameters of the trip function ~ere estimated by fitting the equation 

to observed work-trip distributions from the San Francisco area. The paramet~rs 

c,f the development level function Q
1 

have not been statistically estimated 

nor has the complete pij function been fit to any actual data. It was 

precisely .this fitting of the complete pij function which was necessary, 

but whicl1 had never been done (excepting the Voorhees attempt) during 

u.s. work with Lowry model derivatives. 



Refon11ulation of the Hocle1 --·----·--

In all of these models the essence of the residential allocations is 

either the work-trip (home-to-work or ~ork-to-home) or a combination of 

the work-trip with measures of attractiveness of the potential residential 

locations. Implicit tlterefore, in any of these models' estimates of 

res iclential locations, is a set of work trip estimates as well •• Very 

littJe use has been made of this fact in U.S. practice. Yet, it is 

precisely the fact 'of these implicit trip matrices that leads to a more 

satisfactory method of estimating these models' parameters. The use of 

IPLUH in the ITLUP package is a particular exception to the usual ignoring 

of these implicit trips. In this case these implicit work trips are made 

explicit·by extraction of the trips from the model directly. These trips 

are later used to load the transport network (Putman, 1973). 

~t is a virtue (and perhaps in the first instance was the source) of 

the Wilson entropy maximiz ing approach to ana lys is of thes e mode ls that the 

question of these trips is made explicit (Wilson, 1967). For example, the 

Lowry model may be rewritten, based on this approach as (Wilson, 1970), 

where 

T .. = number of persons working in zone j and 
lJ 

residing in zone i 

Ej number of persons working in zone j 

' 
cij impedence (usually travel time or travel cost) 

between centroids of zone i and zone j. 

(.]) 

An important problem'of this formulation is that there is no constraint 

on the sums of trips. Without the constraint there is no reason to expect 

that, 

5 
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= (8) 

'.rhi:s implies that the number of employe~s in zone j will not necesa_arily 

e qua 1 the sum of the employees res id ing in a 11 zones i who e la im te; vwrk 

in zone j. 

A simple residential location model may be derived from entropy 

maximizing concepts as 

= 

where 

follm.;rs, 

A.B.O.E.~ (C .. ) 
1 J l. J 1J 

(9) 

Tij = tri~s beLveen zones i and j or, number of persons 

living in zone .i and working h1 zone j 

. oi 
E. 

= trip origins or, employed persons living in zone i. 

J 
- trip destinations or, employees employed in zone j 

A. 
1 

B. 
J 

= balancing factor for trip origins 

= balancing factor for trip destinations 

= impedance function 

It is possible to replace the trip origins O. by a measure of 
1 

attractiveness of the origin zone, W ... This eliminates the need for the 
1 

origins balancing factor A
1 

thus giving 

1'.. = B.W.E. f (Gi .) 
1] J l. ] J (lO) 

In order for the constraint on che sums of trip destinations, equation (8), 

to be met, we have 

1 

Ew.fcc .. ) 
i 1 l.] 

= (11) 

It is infonnative to suhstitute this expression back into t~e origin&l 

equation (S!:!niot·, 1_973), whic.h yie)rls 

6 



1 t.?. f (C .. ) 
1. 11 

T.. E .l 
l.J J E t-1.-~(C .. ) 

i 1 lJ 

If the tenn W. ~(e . . ) ís called an 
1 1J 

7 

(12) . 

"access ibil ity attract iveness" meas u re, 

then the fraction in equation (12) is a relative rneasure of the accessibílity-

attractiveness of zone i to zon~ j compared to a11 other zones i. Further, 

it is clear that the total nurnber of employed residents residing in zone i is 

and, substituting 

N. 
1 

= 

If one is wi11ing 

p .. 
1J 

= 

r. 
j 

E 
,} 

to assert that, 

W. ~ (Ci .) / !: W. ~ (Ci.) 
1 J i l. J 

then equation (14) is equiva1ent to saying 

= 

(13) 

(14) 

(15) 

which is the same function as the Lowry model, described in equation (1). 

Thus it can be seen that the !PLUM allocation procedure may be considered. 

in the context of the entropy maxirnizing formulation, as a simple residentiaJ 

location model. However, !PLUM is a dynamic model in that it estimates 

changes in the number of residential locators, as follows: 

6N. ::: ¿ (!lE.) pij (16) 
l. 

j J 

where 

6Ni = change in the number of ernployed residents of 

zone i from time to time t+l 
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flE j = change in the number of employees in zone j 

from tiJne t to time t+l 

pij: = probability that a person will live in zone i 

and work in zone j, at time t+l 

. A q~estion arises here as to whether flPij might be·more appropriate in 

the new formulation than P ij? Resolution of this qucstion l<.'ad's unfortuJY•atel y 

to thE:. question, among others, of locatio., of in-migrants versus location· of 

intra-metropoJ.ttan movers. In-migrants prcb&bly make the:i:r location decfsi.oP.s 

somewhat differently than the intra-metropol itan movers. None of Lowry c.lass 

of models deal9 properly with this quéstion., The TOMM models (Crecine·,. 1964, 

l ~69) do so in. a very superficial way by means of the "stahle-household" 

functions •. It was not possible to resolve this problem fn the current wo~k, 

so the existing practice of using P.~ has been maintained for the present. 
1J 

Further,. as will be discussed below, ultimately it was· the sta.tic form of 

the model which was estimated. 

Calibration: Initial Discussion 

To date,, virtually all U. S. attempts to calibrate these. mod"els have 

involved· assorted procedures, no one of whi:ch achieved any more than a 

partial caiibration of_ the allocation function. Sorne procedures have fitted 

an fcntj) as in equatfon (2) or equatL:m (4) to observed trip data, wi'thout 

taking into account the effects of the characteristi·cs of the ori'gin zone 

or destination. zone. Other calibration attempts have fit- a funct.ion with N. 
1 

as the dependent va·riable and various characteris ti es of zone i as in-

dependent variables., thus ignoring any explicit cons.ideration of the trip 

distribution. Neither of these two procedures nor any of their man~ 

variations is capable of properly estirnatfng the parameters of such a· model. 
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For a model. expressed in thc fornl of equation (9), the only parameter(s) 

to be estimated is/are the parameter(s) whi.ch may be included in t (C .. ). 
1J 

It has heen shown that in the fitting of parameters for such a model, 

statistics sunrrnarizing the goodness of fit of the work trip distributions 

were much more sensitive to changes in model parameters than statistics 

summari?.ing the goodness of fit of the activity distributions (Batty, 1970). 

This resul.t argues for the use when possible, of work trip statistics as 

criteria for model 1calibration. Other work has derived several summary 

statistics ~f the work trip distributions~ each of which is appropriate for 

particular functional forms of fcc
1
j) (Hyman, 1969). 

A problem posed by the form of the model shown in equation (10) is 

that w., the attractiveness measure, is nota directly observable or 
1 

measurable variable. In one model effort, number of dwellings in zone i 

or population in zone i were proposed as proxy measures of w
1 

(Cripps and 

Foot, 1969). Population was finally selected and produced quite acceptable 

calibration results. In another model effort, usable land area in zone i 

were suggested as proxy measures of W. (Barras, et. al., 1971). In both 
1 

of these cases, by us ing a single proxy variable for W i, calibration of the 

·.model remains as a matter of es timating the parameter(s) of ~ (Cij). 

In these cases, as well as those using the original form of the model 

in equation (9), the calibration process involves; a) selecting starting 

values of the parameters, b) estimating the trip distribution, e) comparing 

the estimated trip distribution to the actual trip distribution, d) revising 

the parameter values, and e) iterating to find the best fit parameter 

values. Work has been done on efficient means of doing this (Hyman, 1969; 

Batty and Mackie, 1972). 
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At this point, regretfully, it becomes necessary to intrvJucc a 

troublesome consideration, the need to disaggregate the residential locators 

into types. First we ackna-;rledge that this disaggregation n1ay easily bP. 

. f h . . i h b id ,, .. ~{\-.1 described in tenns o t e entropy maxl.ml z ng approac 1 y cons ering J, 'll 
" 

to be the number of,employees of tYPe w who work in zone j ~nd live in ~ype 

k housing in zone i. An appropriate set of equations and constraints cnn 

be developed to cover this situation as well as several other~ (Wilson, 1970). 

Golving such a Qlodel involves an endogenous procedure for estimating the 

housing stock by zone. This is not a welcome prospect for our current 

r~search efforts though cleady it 'ls a consideration for the future. V.."hat 

is necessary then is a model of the forro of equation (10), but disaggregated 

only by type 9f locator. Thls may be written 

k k wk 
.p 

Tij = Bj Ej tk (Cij) i 
(17) 

then 

Bk 1 = 

I w¡ t k(cij) 
j 

(18) 

Finally, it seerned desireable to investigate the use of a rnultivariate 

attractiveness measure. There is empirical evidence that the attractiveness 

of zone i is a function of, among other vaiables, the distribution of household 

types living in zone i (Pútman, 1973). This evidence suggests that the 

attractiveness of a zone to a particular household type is a function of the 

zone's percentage composition of household types. Further, the amount of 

developable land in a zone seerns to be a determining factor in residential 

location, as does a developability factor which appears to act as a proxy 

variable for the extent of the ava!lable urban infra-structure. Thus a 

W~ may be defined as follows: 
l. 



wk = ~ ak(Ni / ;cN1 ) J riViQi (19) 
i g g g g g 

- . 

where 

k to be es t irna ted a = parameters g 

Nig = nurober of households of type g in zone i, note the 

g hous ehold 'types correspond directly to the k 

household types 

r = residential density - households/acre in zone i 
i' 

V. available, developable, vacant land in zone i 
~ 

Q'. = development 
~ 

level factor - see equation (6) 

The parameters in the expression for Qi may be estimated independent 

of the rest of the model. The parameters ak need to be estimated within 
g 

the s tructure of the model. In addition, the pararneter(s) of the :?"- (Cij) 

must also be estimated within the structure of the model. 

ll 

The precise form of the model desired would be, as per all the previous 

d is cuss ion, dynamic rather than static, 

= s?~<aE~) f k (c1j> 

k 
- To do this it would be necessary to have data for 6Tij 

(20) 

At the 

time when this work was be~ng done, these data were not available, making 

it impossible to estímate any but the static model. 

In order to specify data requirements it will be helpful to write out 

the model in full. 

= 

Substituting in for Bk and·Wk 
j i 

(21) 
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of type g to employees of type k must be develored from regional data for 

the rcgions to whicl1 the wodel is being fit. Tlds was done f<lr both the 

San Pranctsco and the Minnaapol!s - St. PauJ appllcations. but the u~e nf 

theor;e n•g!onal conversi.cr. rates accross the board, makes it neces~.s.ry to 

kf'r.p cart>ful track oí this convecsfon throughoiJt the calibrútiou proct!:is. 

• 1 

C~lfb~at1on R~sults: Partial Estimates -
It ~t.~as frliti:tlly intended that befor~ the complete mode1 equati.on wn~ 

fit, prelímJn.!lr:V cstimates of íts parsmeters _would he developed by partial 

e'5tiLMtion of thC:ro by leasc squares t·egre:ssion. This was later found ro be 

unne~p~sa~y. bui sorne of the results r~!ated to the independent fitting of 

the trip distribution .sre of some interest. 

It will be recalled that in equation~ (2) and (4) above, the dist3nce 

funct {on5 used in the Lowry Model and in PLUM were given. These are but 

t"Wo of a vast nurnber of functfons \o/hich coufd be fitted to trip11.aking dut.a. 

To teo;t several of these, a tabulation of the fir~t '""Ork tri¡-~:s from the San 

Francisco Home Interview data file was prepared. Th¿se trips were tabulated 

accord i ng t:o the household and employment classes enumerated above fcr the 

291 zone areal system. The distributions were then normalized and thc 

resultfng distributions were fit, us1ng a ~on-ltnear least squares procedure, 

to several different functions. The work trip distributions took the familiar 

fonn :shovn in Figure l. 

Of the various functions lnvestignted, the severa! va~ieties of garumr. 

(listrfllution seemecf t.o produce the be:st fits. The ~eneral form of this 
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d 1 ~. lr j hu r 1 o n i 'S : 

y 

y numbcr of tríps. or tr!p fr~quency 

x = trip tjrue or co5t 

(n) 

, < . .) 

;.'he· !i(·l:Clfic ft.nction.s which best fit the data were son::etime:<i bl'st in 

on...: lwu·;eh.->l<.' 1ucomc cJa:';s ami sometimes b¿>st in anothcr. No one funct.i:)n 

w_,., 1J,~st for ;tll fou:· incrxr~e cl<l->!:es. The futtt.tion .seJc¡;tr~d for fucttlt:r 

\.'orl( 011 thi o; prototype effort was 

y 04) 

Th.i_s function, known as 'l'anner's function, had been used in tlds typc! mrxlel 

elsewl,ere (Cripps and Foot, 1969). Thc bcst fit parameters for thc 291 zone 

sy-stf'o• in S4ln Fraucisco are shown in TabJe l. These param•'t€.rs :!.n T,n.tt..'r'e; 

function do yiclc' the skewed, peakcd, curvt! .5hown above. 

Tn the rnlibt·atíons descríbed bclo\ol, the Snn Fn:m:::isco d..!.ta werc 

agv,r.:gated to d 30 zonc ;system, thll!l incrt:>.J:;ing to ¡_;reater than ei~ht 

mintJLer. tlt,· t!1re(: ruinute avt:rage trnveJ time bctwecn adjacent zoncs of thc 

1 

291 zu1w sy.<.tf'm. At that scalc nll the valw;-s of a becomc negative and 

Tunner's function takt!~ on the appearance of a :simple declining expont.:ntiaJ 

functiou. For the Minneapolb - St. PauJ ca!.ibrntiou (about lOO zont'!.!>) th..: 

leve! of disagRr0gation !s sufficient for the ato be positiva agaln and 

for tht: skt~\JCd p~·nlc;ed curve te r~.nppear. Al! of this recnforco.!s th.:: 
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Table 1: San Francisco - Work Trip Function Parametern 

Ine:ome Clnss 

" 8 
$ o - 4999 0.383 0.900 

5000 - 9999 o. 750 0.963 

10000 - 14999 0.849 0.992 

> 15000 o. 784 0.990 

\ 
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proposition thnt the level of spatial aggregation or disaggregation has 

noticeable effects on the apparent functional fonns of these models. 

Calibration Results: Complete Estirnates for San Francisco 

The preliminary estimates.of parts of the model were of very little 

use except that they indicated that a product fonnulation for W would 

probably' yield better fits than the sum form initially proposed. Consequently, 

equation (22) was rewritten. First, let 

• ~ (N~/~ N~t) •:] l: <x7t) a~ J (25) 

where 

• g 
N1 = the number of ty~e g households in area i 

~ a measure of attribute m of zone i 

It was hoped that the attractiveness measure would continue to include 

intrinsi.c neighborhood attractiveness as indicated by the household types 

located there; a measure of "capacity" for development; and a measure of 

developability in tenns of infrastructure. Various attributes were tested, 

including: residential density, vacant developable land, percentage of 

developable land developed, and percent industrial (basic) land. 

The variables ultirnately selected were: 

k 
ni = the percentage of the total households in zone i 

which are of type k 

vi = available developable land in zone i 

pi - perce'ntage of developable land in zone i which 

has been developed 
~ 

ri = residential density (households/acre) in zone i 
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Thus the fonn of W used in the final calibrations was (using four hou!'!e-.. 

hold types) 

4 
- [ TT - g=l (26) 

Note that' based on the preliminary estimates it was decided to replace the 

devel:opment level\factor Q
1 

by a simple ntea1'lure of existing level of de­

velopment,. P1 • 

Then, rewriting equation {23) we get 

k 
.T •• 

l.Jt 
= (27) 

Now there are two ways in which, the parameters may be estimateJ. Firat, the 

s!mplest case, is by looking at the activities distribution(s). In this ca~e, 

by de finit ion: 

= nu~ber of households of class k living ln i 

and thus 

= (28) 

Consequently it is possible to estímate the parameters in the W and 
~P 
\ (.C) 

functions and this may be ca11ed calibrati.on of the aggregated fonn of the 

model. 

Various authors have, however, asserted that there are disadvautnr;es to 

calibration of the aggregated fono of the model. Their rem<>dy for these 
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problems in vol ves ca 1 Hna Lion of the disaggregated fonn of the model given 

in equation (27). It is an unfortunate fact that in arder to calibrate the 

disaggregated form of the model it is necessary to have a good data source 

for the T's. In the work described here there were questions as to the 

quality of these data. If, at.some later date, these questions can be 

'.satisfactorily resolved along with the development of an acceptable expansion 

of the San Francisco 11 sample" toan estímate of the "population", then a 
1 

ealibration of the disaggregated form may be undertaken. In the meantime, 

ealibration has been undertaken for the aggregated form of the model only. 

It is immediately obvious that equation (28) cannot be fit to a data 

set by use of the traditional proeedures of linear or even nonlinear multiple 

regression. In fact the only procedures available are those which, by sorne 

hopefully efficient procedure, search for the. parameters which produce the 

best fit of the model to the data. One such procedure is that of gradient 

search, The use of gradient search involves the fullowing steps: 

a) definition of a criterion function to be rnaximized or minirnized 

b) definition of the partial derivatives of the criterion funetion 

with respeet to each of the parameters 

e) selection of a starting point (parameters) and calculation of 

the criterion and the derivatives, hence the gradient, at that 

point 

d) alteration of the parameters as a function of the calculated 

derivatives and gradient, and iteration through steps e) and 

d) until a mínimum or rnaxirnum has been reaehed 

While this may sound like a rather lengthy and diffieult undertaking, 

this is not actually the case. The computer software is somewhat difficult 
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but is available from a variety of sources, including the University of 

Pennsylvania. It does, at this stag~ in its development, rcquire expericncell 

staff for its proper use. Nevertheless, once set up, the procedure 1s rath~r 

straigl1tforward and results may be quickly obtajned. 

The San Francisco data were aggregated to a thirty zonc areal system 

prirnarily for operating ec-:momy in the face of no prior expertence as to th.; 

costs and difficulties of performing such calibrations. Tt was felt that th12 

th111ty zone ,system would take less coc.1puter time to calibrate whilc stfll 

prov~din~ useful information about both the model and the calibration process 

in general • 

• 
The model to be fit is given in equation (28)4 The distance functjon is 

that .of equation (24). The variables in the attractiveness measure ar-e the 

same as were used in equation (25). The calibration was. achieved with · 

surprisingly little difficulty. Once the prograrns were operating correctly 

there were no significant problems encountered. An interesting point is that 

a broad, flat ridge in n-space was found where the search program 1 s crif:erion 

value, R
2

, was sc~1ewhat insensitive to parameter variations. This was an 

expected occurrance, as suggested above (Batty, 1970), nonetheless, with 

patience, a maximum was reached. The paraf!leters found are sl>own in Table 2. 

TI1ere are a number observations to be made regarding these parameter 

valt~es. Principally, before leaping to unwarranted conclusionsr it must be 

remernbered that the household data used in these nms is from the 1960 census, 

while the land us~ and employrnent data are from surveys conducted in San 

Francisco in 1965. Thus the time subscripts for these variables are not 

correct for the forrnulation of the model. The pt.~rpose of tñis particular 

effort was to explore the problems of cal ibration of Lowry de-::ivative modeh 

via the Wilson entropy approach. That this is a practlcctl procedure l1as 

been amply demonstrated. 
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• 'r:aJ¡¡,p}E 2:: BEST FIT PARAMETERS (EXPONENTS) - DRAM - SAN FRANCISCO (30 ZONES) 

Household Composition Land Development Distance 

- k k k k 2 Household type al a2 a3 a4 as a6 a7 Q' 8 r 

$ < 5000 1.90 0.40 -0.50 0.33 0.18 -o. 73 -0.26 -2.06- 0.57 0.91 

$5000 - 10000 0.06 l. 65 -1.22 0.48 0.27 -1.50 -0.07 -l. 75 o. 72 0.87 

$10000 - 15000 0.14 1.09 -0.26 0.76 0.24 -1.34 -0.14 -l. 76 0.76 0.90 

$ > 15000 o. 72 1.00 -0.34 1.50 0.23 -1.48 -0.04 -1.64 0.48 0.93 

N , .... 



Calihration Results: Complete Estimates for Minneapolis - St. Paul 

The DRAM model was also calibrated fo~ an available data base for the 

Minneapolis.- St. Paul metropolitan area. This area was divided into 108 

zones. The equation form used was also that of equation (27) with the 

distance function of equation (23). The household income e las ses d j ffer:.c·d 

from those of San Francisco in that they were income quartilcs. One uf t~c 

att~activeness measures, r 1 - residential density was replaced by R. -
l. 

\ 

res ident ial land, which produced better fits. The resul ts of these es tima. tes 

are s"hown in Table 3. 

The data used in this case are all from approximately 1970, thus 

resulting in parameter estimates for a static form of the model. It is 

interesting to note that the scaling or control total procedures, typically 

used in these models after the allocations are completed, have moved. with 

the DRAM refonnulation, deeper into the workings of the model. Referring 

to equation (27) it may be seen that the term in brackets on the right-hand 

k side is a proportion. Consequently each Ejt is simply allocated over all i 

zones. Consequently the sum of the N~ wi.ll be eaual to the sum of the E~. 
1 . J 

k It was rnentioned above that it was neces~ary to convert the Ej from 0mployLes 

of type ~ to heads of households of type k. If it is assumed that the E~ 
J 

sum to a prespecified regional employment total (or are forced to do so) then 

k 
the N. can be forced to surn to a regional population total as part of the 

1 

employee to head of household conversion. This, while still arbitrary, is 

not so arbitrary as the various forros of scaling procedure typically used 

in these models, which often involve altering sophisticated model estimates 

with rather crude prorating procedures and thus vitiating the model results. 



Tablc 3: BEST FIT PAP.AHETEil.S (EXPONENTS) - DRAH - l!INNEl1.POLIS - ST. PAUL (108 ZONES) 

Household Composition Land Developmcnt Distance 

Househo1d Type 
le k 1~ le O' éll a2 a3 a4 a5 él6 a7 

First Quartile 0.77 0.14 -0.56 -0.34 -0.03 0.15 0.89 1.04 2.18 

Second Quartile 0.24 0.34 -0.37 -0.15 -0.04 0.18 0.90 2.11 1.46 

Third Quartile 0.09 0.16 O oSO -0.03 -0.08 0.25 0.80 2.81 1.31 

Fourth Quartilc 0.13 0.10 -0.19 0.73 -C.03 0.29 0.75 2.10 1.44 

-------------

2 
r 

0.93 

0.90 

0.90 

0,91 

,,,- ' . .: 
r .: ' • 

(f 

N 
w 
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Discussion - Problems of Calibrations 

The work described here was originally undertaken siuaply for the 

purpose of exploring the possibility of calibrating a Lowry-derivative model 

with a multivariate attracciveness measure via the Wilsml entropy formula-

tion. That this is- possible has been amply dt>monstrated·. Nonetheless, 

problems with the available data, particularly with respect to their time· 

indices, makes interpretatíons of the substance of the results somch·hat 

chancy. 

The general question of parameter interpretatic.n in models of this form 

is worth discussing. First note that the scale of any of the variables is 

immateria.l s ince the effect of the balancíug factor (equation 11) \vill be 

to normal~ze each variable in all cases. Thus parameters may be interpreted 

in terms of a variable which ranges from zero to one. Ca re must be taken 

to avoid having a variable reach zero if its exponent is negative and checks 

should be incorporated in both parameter estimation and forecasting programs 

to, at the least, al~~t the user to this situation if it should arise. 

In Figure 2 several members of the family of curves of the form y==xO 

are plotted for different values of a• The range in which we are particularly 

interested is from. x=O to x=l. 

for any ~ the value of'y is < l. 

Taking first the case of ~ ~ O, wc· see that 

Thus any variable x., for which the 
1. 

estimated ~ is < 1, will have an attenuating eff~ct on tfie regionJs share 

of households in area i. This attenuation grndually diminishes as the val'ue 

of x. increases from zero to one. It is important to note that the intuitive 
1 

expectation of a variable witlLa posi:tive exponent being an amplifying 

variable is not quite correct here • In the case of a. variable \.¡hose rar.gc: 

is zero to one, a positive exponent :lmplies decreasing attenuation·With 

increases in the magnitude of th~ variable to its. limit of one. 
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Figure 1: PLOTS OF Y=X expq FOR O<X<2 AND g: -3,-2,-1,-,5,0,,5,1,2.1 
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Th~ case pf a< O produces considerable amplification for very small 

values of ~ •. witñ the amount of amplification decrcasing as x increases to 

i.ts lim~t of one. Again, the intuitive notion of a variable with a r.ega'd.ve 

exponent bei~g an attenuating variable is not quite correct. For the cdse 

~f variables whose range is zero to one, a negative cxponent implies dcc:rf.:;_¡,sin 

amplific~tion as the variable goes from zero to its limit of one. 

\ 
~n the static situation, thinking about each zone vis-a-vis all other 

zont'!s 'mak~s mere sense. I'or a variable with a positive value of a, al¡ 

()ther v~r-iables being equalt one would expect greater values of the dependent 

variabl~ to be found with greater values of the independent variable with· a 

•, 
positi:ve a. Similarly lesser valu.es of the dependent variable would be 

expected to be found with greater values of the independent variable with a 

negat ive a.• This reasoning a lso holds for the s ituat ion of in creases or 

d~creases in the particular independent variable. Nonetheless, it must be 

rememb~red• that interpretation of the model's parameters does involve the 

not ions of decr.eas ing attenuation produc ing increases· and de creas ing 

ampl ificat.io.n producing decreases, and that th is is.,. to a'. certa in ~egr<!e 

counter-i~t~itive. 

In this same connection the use of the exponential product· forro of tne 

model caused sorne operat ing d iffícu lties. These are when one or another of 

the independent. variables · approaches zero. It may eas ily be seen in Figur-e 1 

that nea.r, zer.o the. function· y = x exp a becomes rather volat-ile for .. ;;tlL non-

zero va.lues of a• Con~equently the Minneapol is - St. Paul da•ta· vJere· rerun 

wi~h aH. the. independent variables with rang_es from: O~ O, to l. O shifted to 

the ra_nge LOto 2.0 by simply replacing, say Pi, by, (1.0 + P·i). 'I'hese 

r~sults are shown in Table 4. While there are sorne noticeab'le changes in 

the coefficients compared to the results in Table 3, thc overall p~tterna 



Table 4: REVISED BEST FIT PARAMETERS (EXPONENTS) - DRAM - MINNEAPOLIS - ST. PAUL (108 ZONES) 

Household Composition Land Development Distance 

Household TYPe 
k k k k 2 

al a2 a3 a4 as a6 a7 a A r 

Firs t Quartile 2.92 0.62 al. 71 -1.82 -0.10 0.55 0.83 0.92 2.14 Oa89 

Second Quartile 1.51 2.04 -1.36 -1.57 -0-.06 0.65 / 0.85 2.24 1.36 0.88 

1'hird Quartile 0.03 0.45 1.06 -0.64 -0.09 0.60 Op87 2.84 1.32 0.89 

Fourth Quartile -0.54 --o.s5 -0.06 1.33 -0.07 0.63 0.88 2.48 1.52 0.86 
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,---;: coefficients "are virtuully identical. In this fonn both the problems of 

instability as the variables approach zero, and of the counter-intuitive 

operation of the exponente are remedied. 

It is very difficult to refrsin from speculation as to thc subst;on,tivr: 

implications of the pal.·ameters obtalned in these estilllat:ions. Nonethd<.·.>s 1 

this would be the wlsest policy at this time. We cannot, howevor, rc:::.i;,;t 

the temptation to call atlent:ion to the household composition variables a:1d 

the inter~sting speculatlons whü:h the reader may wish to dr.:~.w therefrorn. 
,, 

Two questions arE: po.sed h€!re \Jhich should be explored during further \·IOrk 

with the model. First, w:i.th regard to these parameters of the household 

composition in each :.::one, is there an apparent preference amongst household 

types flilr 11equals" or "betters" í.e. higher income classes? Further, jf 

this preference appears is it a prefe'rence for the amenities with ,.,.j th which 

they are associated? Second, having seen how a change in the size of the 

areal unit changes the shape of the travel function, one wonders at th~ effect 

of such a change on the attractiveness portion of the model. To the extent 

that the household compositions are representative measures of a complex of 

variables, their meaning may be lost on large areas. The representation, for 

example, of neighborhood \Jhich may show up at a small area l.evel may dlsappear 

when the arPas ar~ aguregAted to larger zones. 

AnoChor sat: o.l! quost:i.ol'lli \o/h:l.ch lltUNI! bo rulllolvuü ilurit,g !'un:luu- wol:'k 

with this model has to do with the interaction between the ''travel parameters 

and the "attractiveness" patameters. In these experiments one might first 

constrain the attractiveness parameters to zero and observe the fi~ of ciata 

to the travel function onJy, within the construct of the PlOdel. Th<::n the 

reverse could be explored by constraining the travel parameters to ~ero 
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and observLng the fit of data to the attractivencss function only. This 
' . 

informati~n might ha ve be en obtained from the independcnt fitting o f the 

two parts of the model formulation as described above. Howcver, the 

functions used were not quite correct, nor were the data. 

In retrospect it seems that the earlier independent estimatjon of porcions 

of the model done for the San Francisco data was unnecessary in terms of 

estimating starting values of parameters for the complete model estimation. 

The knowledge obtained about the appropriate functional forms to be us~d in 

the complete model was, however, a worthwhile output. In future calibration 

work with this model ít wíll probably be more efficient to begin with theo 

. complete model form, while perhaps omitting sorne of the attractivencss 

variables or at least constraining their parameter values for the first few 

run::. while initial values of the other parameters are determined. This 

procedure seemed to work reasonably well for the Minneapolis - St. Paul data. 

2 
Finally, it should be noted that the use of r as the criterion for pa r.-,meter 

fitting is not clearly the best criterion for functional fonms like DRP.M. 

The ·use of maximum likelihood criteria is being investigated for future work. 

In conclus ion, the initial tests of this model formulation are quite 

promising. The model appears to be capable of providing direct spatial 

allo~ations of households, by severa! types, without the need for complex 

input va~iables or involved sets of constraints and adjustments which are 

usually found at the tail-end of land use models. At the time of this 

writing ar. effort is underway to reevaluate much of the work described here 

and to ·produce a more fina 1 and definitive form and calibra tion of DRAM. 



REFERENCES 

l. Barras, R., et al. (1971) ''An Opcr.atlonal Urban Developm•~nt f'lodei_ v~ 
Cheshirc'', Environ:nent and Pl::tnnirus, Vol. 3, pp. 115-234. 

2. B<:atty, M. (1970) "Sorne Problems of Calibrating the Lm·n::y Hodel"', 
Environrnent and Planning, Vol. 2, No. 1, pp. 95-114. 

3:\ ---- (1972) "Recet1C Developments in Land-Use MoJelling: A Revle\-1 of 
British Research", Urban Studie~, Vol. 9, No. 2, pp. 151-177. 

30 

4. _____ and S. Hé1t.:k:ie (1972) ~'Thz CélJibration of Gravity, Entropy, ¿:nd 
Related Modcls of Spatial I~tera~tion'', Environment and P1anning. Vol. 4, 
pp. 205-233. 

5. Ctecine, J. (1964) ~~ Time Oriented Metropolitan Model for Spattal 
Location", D(::partment of City PlaP-ning, Pittsburgh, Pennsylvania. 

6. (1969) "Spatial Location Decisions and Urban Structure: A 
1imc-Oriented Model 1', Discussion Paper No. 4, Institute of Pu;_,lic Policy 
Studies, Univers ity of Hichigan, Ann Arbor, Hichigan. 

7. Cripps, E. and D. Foot (1969) ''The Empirical Development of an 
Elementary Residential Location Nodel for Use in Sub-Regional .Planniog", 
Environment and Plan~ing, Vol. 1, pp. 81-90. 

( 

8. Goldner, W. (19"71) ''The Lowry Hodel Herita~e'', Journai. of the Ameticc.!! 
Institute of Planners, Vol. 37, pp. 100-110. 

9. H:yrnan, G. (1969) ''The Ca1ibration of Trip Distribution l-1ode1s". 
Enyironment and Planning, Vol. 1, pp. 105-112. 

10. Lo~o~ry, !. (1964) "A Hodel of l1etropolis 11
, RN-4035-RC, RANO Corporation, 

Sanra Monica, California. 

11. Xarch, L. (1971) 
in A. G. Wilson, 
Re~~onal Scjence 

''Urban Syste;ns: A Generalized Distribution Function" 
ed. Ur~an~~nd Regional Planning: london Papers in 
2, Pion Ltd. London. 

12. Putman, S. e t. al. (1973) '·Tbe Interrelationships of Transportat ion 
Development and Land Deyelopment'', (in two volumes) DepartmEnt of City 
and Regional Planning, University of Pennsylvania, Philadelphia, Pa~ 

13. (1975) ''Urban Land Use and Transport;üion Hodels: A 
State-of-the-Art Sur,¡mary", Tra_!)sportation R_.~earch, Vol. 9, pp. 187-20•2. 



31 

14. Se~ior, H. (1973) ~'Approaches to Residential Location Modelling 1: Urban 
Ecological and Spatial Interaction Models (A Rcview)", Environment and 
Planning, Vol. 5, pp. 165-197. 

15. Voorbees', A. M. and Associates (1972) "Application of the Urban Systems 
Model (USM) to a Region-North Central Texas", Prepared for North Central 
Texas Council of Government. 

16. WHson, A. (1967) "A Statistical Theory of Spatial Distribution Models", 
Tran~portation Research, Vol. l, pp. 253-269. 

17. (1970) ''Disaggregatíng Elementary Residential Locat ion Models", 
~apers of, the Regional Science Assocíation, Vol. 14, pp. 103-125. 

1 



Append ix II 

Tables of Model Outputs 



Table Al: TEST RESULTS OF DELETING FASE YFAR LOW INCOME HOT.TSEHOJ.DS FROM 7.0NE (#57) 
J..ALLOWING THEIR RETURN) 

Results of DRAM Package Runs 1 Results of EMPIRIC Package Runs 

Sector Test Run Control Run Percent 
Test Run l Control Rcn Percent 

Difference Difference - --
l Low Income 14 1123 - 98.8 368 

1 

368 +0.0 
1 

! 
_, 

1 

1 
1 ·Lcw-Hídd le In come 52 138 - 62.3 o o 1 +0.0 

1-:igh-Midd le 

1 

In come 165 66 +150.0 o o 
1 -+<>.O~ 

High Incdme f 52 12 +333.3 o o 1 +0.0 1 

Total Population 283 1339 ·¡ - 78.9 36e 1 368 1 +0.0 1 J 1 1 J - ---

1 1 
1 1 Basic 1 4153 4153 o.o 708 708 . +0.0 

1 
1 

+ 1 
¡ 

Basic 2 1315 1315 -+· o.o 3627 3628 +0.0 

Non-Basic 
l 

21714 12714 + 0.0 3609 3610 +0.0 

1 
Tot~l ~plo)'1:!€~ r7944 .. -

_::~ ' 
18183 18182 + C. O 7946 

1 l -



Table A2: TEST RESULTS OF DELETING MSE YEAR LOW INCmfE HOUSEHOLDS FROM ZONE (#57) 
(NOT ALLOHING RETURN) 

Results of DRAM Package Runs 
-l 

·-
1 Percent Sector Test Run Control Run 

Difference 

Low Income o 682 ** * ! 
1 
¡ --------1 

Low-Midd le In come 98 213 - 54.0 

High-Midd le In come 112 87 + 28 o 7 
-

High Income 
1 

72 54 + 33.3 

Total Population 282 1036 - 72.8 

Basic 1 4153 4153 0.0 

1 

Basic 2 1315 1315 o.o 

Non-Bas ic 12725 12725 0.0 

Total Employment 18193 18193 l 0.0 



Tabloe A3: TEST lmSULTS OF DELETING BASE YEAR LCW INCOME ROUSEHOLDS FRCl-1 ZONE (/149) 
(ALLOHING THEIR RETURN) 

Rtsults of DRAM Package Runs 

Sector Test Run Control Run Percent 
D iffe:rence __ 

Low Income 928 ~ o 11.3 

' 1 

Low-Middle Income 2123 2377 - 10.7 _J 
High-Middle In come 3866 1 3908 - 1.1 1 

1 

High Income ' 4267 4071 4'.8 + 
1 

Total Population 11184 11402 i - 1.9 1 

1 - " - 1 1 
Bas ic ¡ 3258 3258 0.0 

Bas ic 2 " 667 ~57 o. o -

Non-Bas ic 1981 1983 1 - C.l ¡ ! 

l 
-~ 

! 1 , 
ó '>0() ¡ Tota .. Emplovment -- 11 

590 __ ..,8 
• 1 

o.o 
., 

w 



Table A4: TEST RESULTS OF DELETING BASE YEAR LOW INCOME HOUSEHOLDS FRa1 ZOl\TE (#49) 
(NOT ALLOWING RETURN) 

Results of DRAM Package Runs 

/Sector Test Run Control Run Percent 
Difference 

Low In come o 1046 - ** 

Low-Middle In come 1831 2377 - 22.9 

High-Midd le Income 3915 3908 - 0.2 

High Income 4529 4071 + 10.1 

Total Population 10275 11402 - 9.9 

- Bas ic 1 3258 3258 o.o 

Basic 2 667 667 0.0 

Non-Bas ic 1974 - 1983 - 0.5 

Total Ernployment 5899 5908 - o. 2-



TableAS: TEST RESULTS OF DELETING BASE YEAR LOW INCOME HOUSEHOLDS FROM ZONE (#56) 
(ALLmHNG THEIR RETURN) 

·-
Results of DRAM Package Runs 

Sector Test Run Control Run Percent 
Difference -

Low Jncome 8884 9836 - 9.7 

Low-Middle Income 4994 5342 - 6.5 
- . . 

High-Midd le In come 3089 1 3080 + 0.3 1 

1 

High Income 2852 2771 ! + 2.9 
1 -

1 

Total Population 30887 30737 + 0.5 

- --- ¡ l Basic 1 1822 1822 0.0 
1 

Basic 2 1237 1237 o.o 
-

1 Non-Bas ic 28543 28564 - 0.1 
1 o.-:---l Total Employment 31602 31623 1 -1 

'--·-- 1 



Table A6: TEST RESULTS OF DELETING BASE YEAR LOW INCOHE HOUSEHOLDS AND ADDING 1000 
UPPER INCOME HOUSEHOLDS TO ZO~~ (#56) 

1 Results of DRAM Package Runs 

Sector Test Run Control Run Percent 
Difference 

Low Income : 8121 9836 - 17.4 

Low-Middle Income 4617 5342 - 13.6 

High-Middle In come 
1 

3040 3080 - 1.3 

High Income 2978 2771 + 7.5 
1 

Total Population 18756 21029 - 10.8 

Bas ic 1 1822 1822 0.0 

Bas ic 2 123 7 1237 0.0 

Non-Bas ic 28528 28564 - 0.1 
' 

Total Employrnent· 31587 31623 - 0.1 



i'ab1é A7: TÉsT REsm:rs oF ADDING 1ooo LOW rNcmE nrnrsEHoLDs To zaNE -::.7 TN nm s;.sE r..:.AR - .. --=---

~----~---~------'·'~----R_e_s_u_l_t_s~_o_f_D_RA __ M __ P_a_c_k_a~g-e~R-u~n~s----~----~~---
r Sector 1LT_est Run l Control Run ;~~:ent. 1 5 ~3;-;un 1 Ccm~;:~> -~~-,r--~-~-~-~:-~-:-n:-~1 

~r_L_o_¡.,;_· _r_n_c_oru_e__ lj 2174 --u-;;- -:;~;:;:~-~u~~~~~~ + o.o -~ 
Lcrw-Middl'e Income 2583 20~~ _/¡

1 

.. ~ 25.5 11 175: 1 - · 0.~ 
High-Mi~:· Incoo>e 3~ .. /U3 - 2. 7 ~ 1 ___ -:__o_._o·----1 

~-{gh Inc·owe _j ~:YI 3339 1 - 4.9 1254 1 

• 1 -- f/.-
Tota1 Popu1ation ¿/·· 10962 9689 + 13.1 

Fe~ults of EMPIRIC Packag~ 

+ 0.0 
-~ 

-

6017 6019 1 - o. o 
1 = 
1 

467 'f67 
1 

+ o.o 687 . 687 + 0.0 

1 
l j 166 164 
1 

1.2 ¡ + 
1 

l ' 1 

1 ' 3435 3436 1 - 0.0 ¡ 
1 

228 

2696 

228 + 0.0 

2687 + 0.3 

-- l - -
/~068 4067 1 

-l- O;U 
. i -- __L + 0.2 



Table A8: TEST RESULTS OF ADDING 1000 LOW INCOME HOUSEHOLDS TO ZONES 33 AND 32 IN THE BASE YEAR 

-
- ., 

Results of DRAM Package Runs (Zone 33) Results of DRAM P_ackage Runs (Zone ".!,"1'• 
- t,.} 1 

-=-! 

_l Percent Percent ¡ 
Sector Test Run Control Run Test Run Control Run ' ',_ ' 

Difference Difference J 
~-~- ¡ 

~~ome 1038 654 + 58.7 816 518 + 57.5 ! Low In._-_ ~" 
~ 

-~ p 

" ' -- -- 2333 1594 + 46.4 2019 1381 + 46.2 _,! Low-Middle In come ~ 
' -

---- 1 2302~--------';' 2284 + 0.8 2048 2041 + 0.3 High-Midd le In come l 
' ~~ 

1 
High In come 1746 :~ "~?8 - 13.9 1536 1774 - 13.4 ¿~_,_-~ 

- f' ! Total Popu1ation 7419 6560 ~~-~1 6419 5714 + 12.3 
"j 

0.~-,~--~JI ---- ,l 

J 
1 
! ~ 

~ 1 

968 968 1379 
~ 
~ 13_79 o. o ¡ Basic 1 

1 - -- - ---~ 

- - ! 
-.-' -

r Bas ic 2 213 213- 0.0 421 421 0.0 

Non-Basic 1728 1719 + 0.5 671 668 + 0.4 ¡ 
j 

Total Employment 2909 2900 + 0.3 2471 2468 + 0.1 

00 



Table A9: TEST RESULTS OF ADDING 1000 LOW INCOME HOUSEHOLDS TO ZONE 94 IN THE BASE YF.AR 

-
Results of DRAN P.ackage Runs 

Sector Test Run Control Run Percent 
D if fe ren.;;_e_·-=-

Low Income 326 134 +14~q 
Low-Middle In come 472 354 + 33.3 

High-Niddle _Income 560 616 - 9.d 
High Income 172 212 ~ 18.9 

Total Population 1530 13lt + 16.3 
1 1 -

Basic 1 840 840 + o. o 

Basic 2 160 160 + o.o 

Non-Bas ic 374 373 + 0.3 

Total Employment l 1374 1373 + o .1· 
1 -



Sector 

Table AlO: TEST RESULTS OF ADDING 1000 HIGH INCOXE HOUSEHOLDS TO ZONE 74 AND 1000 HIGH INCOME 
PLUS 1000 UPPER MIDDLE INCCh·lE HOüSEHOLDS TO ZONE 94 IN THE BA.SE YFAR 

Results of DRAM Package Runs (Zone 74) Results of DRAM Package Runs (Zone 94) 

Percent Percent 

=.,.,~ 

1 
j 

t 
-' 

Test Run Control Run Test Run Control Run ¡ 
D ifference Difference t 

l 
-'--' 

Low In come 3596 3839 - 6.3 77 133· - 42. 1 
¡ 

' ¡ 
1 

' ' 1 

Lo1.:-Midd le In come 3367 3605 6.6 222 405 - 45.2 1 - ! 
1 

High-Midd le In come 4002 4168 4.0 508 551 7.8 r - - 1 
l 

High Income 6756 6407 +. 5.4 384 297 + 29.3 1 
1 

1 

1 
Total Population 17721 18019 1.7 1191 1386 - 14. 1 1 - ~ 

'"-
¡ 

Bas ic 1 5789 5789 0.0 840 840 0.0 
1 

Basic 2 5180 5180 0.0 160 160 0.0. 

Non-Bas ic 2023 ' 2022 0.0 374 376 - 0.5 l 
' 1 
1 
1 

Total Emp1oyment 18071 18075 0.0 1374 
1 

1376 - o. 1 ¡ 



Table A 11: TEST RESULTS OF A 5% ACCESS IMPROVEMENT FOR AN URBAN F'RINGE ZONE (#24} 

Sector 

Results of DRAM Package Runs 

Test Run Control Run Percent 
Dtfferenc.e 

1! 
:i 

Results of EHPIRIC 

l Tes~ Rt.;n 

1 
386 

P~ckage Runs -¡ 

! • .Jerce~ 
! DUfe~_j --¡ 

- o. 3 1 

Low-Middle Income 1 626 547 + 14.4 j 600 1 601 - 0.2 ¡ 

_H_i._g_h ___ H_i-da_'_le __ T_n_c_c_m_e~j------,-3-9--~------6-72-----+------~-.-1-0-.-0-----~~-6-9_8 ____ 

4

1 ____ ~~-6--9~8-.----+,--------0-,-0----~ 

1 Hígh Income 352 294 + 19.7 650 64;--·--t-- O. 2 1 
~~-------+-----+------tt------+---~ . 

Total Population -¡ 1877 1656 + 13.3 i 2333 2334 , 0.0 
1 1 1 

1 Bas ic 1 

¡ l Basic 2 

1 
1 Non- Bas i~-

Lf~ta1 Employment 

1042 993 + 4.9 

58 106 

272 1 

l 271 

o l al¡ , 

+ 0.4 

o.o - 45.3 1 

1

1 152 139 [ + 9.4 1 _I_o_7_2 __ .... 1_ 1066 J + o. 6 
1 

¡¡---1-2-52--T---12_3_8 __ ,_...;._ __ + ___ 1 ~+ 1344 -·---1-3_3_7 ___ .~..¡ --+-0-·.-5----il 

o 



Tab1e A12: TEST RESULTS OF A 20% ACCESS lliPROVEMENT FOR AN URMN FRINGE ZONE (i/24) 

t'' \ 

G - ! 
Resu1ts of DRAM Package Runs Results of EMPIRIC Package Runs 1 

Test Control Run Percent Percent i Sector Run Test Run Control Run ¡ 
Difference Differcnce ~ . 

i 

' Low Income 323 143 +125.9 383 386 - 0.8 1 
! 
¡ 
1 r 

Low-Middle Incorne 942 547 + 72.2 599 601 '- 0.3 1 
- --¡ 

High-Middle In come 928 672 + 38.1 698 698 + 0.0 

High Incorne 588 294· +100.0 651 649 + 0.3 
1 

Total Popu1ation 2781 1656 + 67.9 2331 2334 - o. 1 J 
l 

Bas ic 1 1020 993 + 2.7 273 271 + 0.7 ¡ 
1 

Bas ic 2 115 106 + 8.5 23 o + *** 

Non-Bas ic 202 139 + 45.3 1091 1066 + 2.3 
' 

' 

Total Ernployment 1337 1238 + 8.0 1387 133 7 + 3.7 
l 

N 



Table Al3: TEST FtESULTS OF A 5% ACr.ESS IMPROVEMEl\lT FOR AN URMN CD!U; ZONE {ftó/•) 

Results of DRAM Package Runs 

Perc.ent. Sector Test Run Control Run DifferencP-
f - --- -
1 

_, Low Income 22726 13806 + 20.8 

! 

1 

¡ Lo't;l-Midd le In come 12113 11874 + 2.0 
1 ¡ 
jHigh-:·fidd le In come 5244 

1 

5485 - 4.4 

High Income 4127 
1 

4063 + 1.6 

Total Population 

11 

44210 

1 

40228 
1 

+ 9.9 

~ 

Bas ic 1 1762 1090 
1 

+ 61.7 

- I 
l 

1! Results of EMPJ..RlC Psckage Runs 
-.-----¡ 

Percent Test Run 1 Control Run 
Differcnce _j__ . 

1 ' 10107 10397 1.9 i -
1 

1 
1 

9530 95!.5 - 0.2 

-·- - 1 -
5148 5035 1 + 2.2 

1 
2855 1 2682 j + 6.5 

j -¡ ' - ... --"' ,.:_, 

27640 275ó9 l + 0.3 
1 
1 - J ---¡ ¡r~ 

1936 1907 

1 

+ 1.5 !l ¡ 
1 -¡r-

-~ 
~ 
l ¡~ --------~!!----~~---+-----~! t-------l 

.1 
Non--Bas ic. l,l 2!...450 71798 + 12.2 li 22502 :?2251 1 + l. 1 ! 

1 
Ba~ ic 2 1 3090 1 3685 - 16.1 

1 
4i97 4578 4~8 ! + 

- -
1

: 11 ¡ 1 ¡ 
.~~-.!-.o-l-;t_J_1_¿.-~J-Jl_o_)_'"-~-r-,t-]~!--2-9_3_0_7_1 _____ 2_6_5_7_3 __ ~---+-~-~·~-~l-~_~_~J_~_, __ l_~736-~--+--l-·~J 



Table Al4: TEST RESULTS OF A 20'/'o ACCESS lliPROVEMENr FOR AN URBAN CORE ZON1~ (:/!64) 

Results of DRAM Package Runs 11 

Sector Test Run Control Run 1 
Percent 
Difference 

Low Incorne 39741 18806 +111.3 

Low-Middle In come 12419 11874 + 4.6 

High-Midd le In come 4305 5485 - 21.5 

High Income 4130 4063 + 1.6 

Total Population 60595 
1 

40228 + 50.6 

Basic 1 3298 1090 +202.6 

Bas ic 2 1615 3685 - 56.2 

-

Non-Bas ic 30454 21798 + 39.7 

Total Employment 35367 26.573 + 33.1 

-
Results 

Test Run 

9502 

9486 

5488 

3368 
-

3474 

2026 

5430 

23256 

30712 

-­·- -

1 of EMPIRIC Package Runs 1 

Control Run 
Percent ~-~ 
Difference ! 

í 

10307 - 7.8 1 

-~ 
l 

9545 - 0.6 l 
J 

1 
1 

5035 + 9.0 ' ¡ 
' ' 1 

' 2682 + 25.6 1 
l 
1 - 1 

27569 + LO ! 

i 

1907 + 6.2 1 

1 

4578 + 18.6 

22251 + 4.5 

28736 + 6.9 



Table A 15: TEST RESULTS OF A_ 10% BASIC EMPLOYMENT INCRFASE' IN AN URBAN FRINGE ZONE (#24) 

Results of DRAM Package Runs Results of ~WIRIC Package ~ 

Sector Test Run 
1 

Control Run 
Pe'rcent 

Te!!t Run 
1 

Control Run Per-cent 
D iffer2nce Difference 

-='= 
Lo~ Inco;ne 

1 
145 143 1.4 386 1 386 

1 

0.0 
11 

+ 
1 

+ 

1 
¡ 

l 1 
l Low-Middle Income ! 547 547 + 0.0 601 601 + o.o 
1 li 

High-Middle lncome 
¡ 

672 672 698 698 0.0 j + o.o + 

High Income 294 294 + o.o 649 
1 

649 -+ 0.0 

1 1 1 

l 1 Total Populat ion 1658 1656 + 0.1 2334 2334 + 0.0 ! 
Bas ic 1 1031 9~3 -+ 3.8 

11 
271 271 + 0.0 1 e¡ 

1 - --

1 

> 1 
Bas ic 2 109 

1-
106 + 2.8 0.0 o. o o.o 

Non-Bas ic 
1 

139 139 + o.o 
11 

1064. 1066. - 0.2 1 
1 

1 l 1 
11 1 1 

¡¡ ~ --,-.. ! 
. -- -1 Total_ ~m lo '1'!le'1t 1279 ¡ 1238 3.3 1335 1337 0.1 + -

'---k -p ~) ___._.__11 --~--_i...L.-~ _: ~ ~-·~------·-~_j __ -- --' 



Table Al6: TEST RESULTS OF A 30io BASIC EMPLOYMENT INCREASE IN AN URMN FRINGE ZONE (1124) 

' Results of DRAM Package Runs Results- of EMPIRIC Package Runs 1 ' 
Sector Test Run Control Run Percent Test Run Control Run 

Percent -¡ 

D ifference Difference ' t 
' 

Low Income 151 143 + 5.6 386 386 + 0.0 1 ¡ 
¡ 

Low-Middle Income 549 547 + 0.4 601 601 + 0.0 1 
¡ 
1 
1 
F 

High-Midd le In come 672 672 + o.o 698 698 + 0.0 1 
1 

High Income 294 294 + o.o 649 649 + o.o ! 
; 

Tota J Popu1ation 1666 1656 + 0.6 2334 2334 + 0.0 l ¡ 
Bas ic 1 1106 993 + 11.4 271 271 + 0.0 ! ¡ 
Bas ic 2 114 106 + 7.5 17 o + *** 

!\on- Bas ic 139 139 + o. o 1060 1066 - 0.6 

Total Emp1oyment 1359 1238 + 10.0 1348 1337 + 0.8 l _.., ..... _ 

"' 



Table A17: TEST RESULTS OF A 10% BA.SIC EMPLOYMENT INCREASE !N AN URBAN CORL ZONE (ff64) 

Results of DRAM Package Runs Resu1ts of EMPIRIC Package ~uns 

Low~Middle Incorne 11873 11874 + o.o 9545 

High-Middle lncome 5035 1 3035 r 

[ J Percent 1 I 
S:~~or~~--~--~·==-~-~·~~~=T=e=s=t==Ru=n===?=C=o=n=t=ro=l==R=u=n==~~==D=~=·f=f=e=r=2~~=c=~====~*~=T=e=s~t=R=t~tn~~~Co~t~~l R~n 

1 Low Income 18831 1 18806 , + 0.1 ií 10307 1 10307 _ 1 

1 -::5 1 

5481 - 0.1 

Hígh Income 4062 4063 + 0.0 2682 2682 

Percent 
D iffcrence .J 

+ 0;--l 
+ o.o-1 
+ o.o i 
+ 0.0 

1 
Total Population ll 1 + o.o 

~==============~==========~==========~==============~===========?============~==-=======~ 

{¡024 7 40228 + 0.0 27569 27569 

Bas ic 1 1238 1090 + 13.6 1903 1907 - 0.2 

+ 14.4 

1 

Basic 2 l 4141 3685 + 12.4 5236 1 

1 Non-Badc li-l--2-1-80-9--1----21798 + 0.1 
1 

22186 22251 l - 0.3' 1 

l_To:~.-E-n-p1_o_ym_en_t_....:IL_:_7_1_s8 __ ..;._. __ z_6_5_7_3 __ .1.-4 __ + __ 2_._3 ___ ..u·l~-------2--9-3~2~5~~~~~:~~~-2-_s7_3_6_>-~--1-t-, ----1-~-2-.. -~---...;·.J 

4578 



Table Al8: TEST RESULTS OF A 30% BASIC EMPLOYMENT INCREASE IN AN URBAN CORE ZONE (/!64) 

Results of DRAM Package Runs RPc:ult~ of EHPIRIC Package Runs 

Sector Test Run Control Run Percent Test Run Control Run 
Percent 

D ifference D ifference ! 

Low Income 18880 18806 + 0.4 10307 10307 + 0.0 1 

~ 

Low-Midd le In come 11870 11874 + o.o 9545 9545 + o.o 

High-Middle In come 5473 5485 - 0.2 5035 5035 + 0.0 

High Income 4061 4063 - o.o 2682 2682 + 0.0 

Total Population 40284 40228 + 0.1 27569 27569 + o. o 

Bas ic 1 1539 1090 + 41.2 1896 1907 - 0.6 

Bas ic 2 l 5041 3685 + 36.8 6538 4578 + 42.8 

Non-Ze.s ic 21830 21798 + 0.1 22059 22251 - 0.9 

1 

Total Employment ¡; 28410 26573 + 6.9 30493 28736 + 6.1 

..... 
(X) 



Table A 19: TEST RESULTS OF A 10% NON-MSIC EMPLOYMENT INCP.RA.SE IN AN URE.\N FRl'NGE ZONE (#24) 

----
Results of DRAM Package Runs Results of EMPIRJC Package Runs 

--~· 

Sector Test Run Control Run 
Percent 

Tf~s t Run 
1 

Control Run 
Pe;,--cePt 

Difference Differens::~ - = 

+_~ 1 

1 

11 

1 

1 
1 ! 

Low It.co.ne 145 143 1.4 ' 386 386 + 
1 > 

T 
Low-Midd le In come 548 547 + 0.2 1 601 601 + 0.0 

-
1 High-~Hdd le I~come 672 672 + 0.0 698 698 + 0.0 

1 \ 

High In come 294 294 + o.o 649 ! 649 + 0.0 
1 -

1 Total Popu1ation 1659 1656 + 0.2 2334 
1 

2334 + 0.0 

~ - =~ -
1 

1 
Bas ic l 993 993 + o. o 275 271 + l. S 

Bas ic 2 106 106 + 0.0 o o + 0.0 
1 -

Non-Bas ic 152 139 + 9.4 835 1066 - 21.7 
i i 1 

1 
-- ~-· 

Total EmploYft1ent 1251 
-1 

l2J8 1 -t- 1.1 T 1110 
1 

1337 1 - l7 .o 1 11 1 
1 

1 L 1¡ L l .. • ·- -· 



1 

1 
1 

l 

1 

1 
' 
1 , 

' ¡ 
j 
r 

l 

Table A20: TEST RESULTS OF A 30% NON-BASIC EMPLOYMENT INCREASE IN A~ URBAN FRINGE ZONE (#24) 

Results of DRAH Package Runs Results of EMPIRIC Package Runs 

Percent Percent 
Sector Test Run Control Run 

Difference Test Run Control Run Difference 

Low Income 150 143 + 4.9 386 386 + 0.0 

Low-Midd le In come '549 54 7 + 0.4 601 601 + 0.0 

High-Mid~ le In come 671 672 - o.o 698 698 + 0.0 

High Income 294 294 + 0.0 649 649 + 0.0 

Total Population 1664 1656 o .+ 0.4 2334 2334 + 0.0 

Basic 1 993 993 + 0.0 '270 271 - 0.4 

Basic 2 106 106 + o.o 12 o 1 *** 
1 

1 
Non-Bas ic 180 13 9 + 29.5 1184 1066 + 11.1 

,• 
Tota 1 Emp1oyment 1 . 1279 1238 + 3.3 

:1 
1466 1337 + 9.6 

-

1 

1 

1 

t-.) 

o 



Table A2~.:_-~ST RESULTS OF A 'tO/~ NON-PASI.C EMPLOYMENT INCREi,SE IN AN Urt.BAN CORE ZONE ({/64) 

--
Results of DRAM Package Runs Results of EMPIRIC Packa~e Runs l 

Sector Test Run 1 Control Run 
Percent 

1 
Test Run 1 Control Run " 1 ?ercéñt 1 

Difference 1 9ifference 1 

1 

.. 
1 

l 
-

' 
1 

1 Low Income 18958 18806 + 0.8 10307 10307 + 0.0 

-~ ~Lo-w-~Hidd ~~ 11674 
1 

9545 9545 In come 11867 - 0.1 
1 

+ 0.0 
1 . 

-l r--- _,-r 
gh-Midd le In come 5472 ¡ 5485 

1 
- 0.2 . !, 5035 1 5035 + 0.0 1 

; -

1 

1" -

1 

-!-
High Income 4056 4063 - 0.2 

1 
2682~ 2682 1 + o.o 

' -¡ 
Total Population 40353 40228 + 0.3 27569 

1 
27569 + 0.0 

1 _ _j -· 

1 1 

1 1 

~ 1 Bas ic 1 b1090 lOSO + 0.0 1991 1907 + 4.4 
1 

1 

-
Bas ic 2 3685 3685 + 0.0 1684 4578 1 - 63.? 

1 

-· 1 

1 
Non-Basic 

1 

23866 
1 

21798 + 9.5 1 16074 222Sl - 27.8 
1 l 1 ---.¡ . 1 1 

1 
1 1 - , l Total Emnloymcnt 1

1
¡ 28641 -26573 1 + 7.8 ¡l 19749 28;3o - - 31.3 

---------------------------ll-----------------L----------··----·~--------------------~·'-------------------~------------___l __________________ _ 



Table A22: TEST RESULTS OF A 30% NON-BASIC EMPLO\~ENT INCREASE IN AN URBAN CORE ZONE (#64) 

----
Resu1ts of DRAM Package Runs 'Results of EMPIRIC Package Runs 

Sector Test Run Control Run J:'ercenc Test Run Control Run Percent 
Difference D if fe renc_e 

Low Income 19258 18806 + 2.4 10307 10307 + 0.0 

Low-Midd1e Income 11853 11874 - 0.2 9545 9545 + 0.0 

High-Midd le In come 5445 5485 - 0.7 . 5035 5035 + 0.0 

High Income 4043 4063 - 0.5 2682 2682 + 0.0 

Tata 1 Population 40599 40228 + 0.9 27569 27569 .o 

Bas ic 1 'l 
- !! 

1090 1090 + 0.0 1864 1907 
1 

- 2.3 

Basic 2 lf 3685 3685 
!1 + o. o 1 5971 4578 + 30.4 

_¡, 

Non-Basic il 27943 
1 

21798 + 28.2 ¡¡ 25289' 22251 + 13.7 l! 
11 ., 

1 .¡ 1 
1 

1' il 

j Total Employment ¡! 32718 26573 + 23.1 !1 33124 28736 + 15.3-
ll 
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Calibrating a residential loca.tion model 
for nineteenth-century Phi!adelphia 

---------------------------
:; H Putman 
Ur11VPrs1ty of Penns}•lvan1a. P/1rladelol¡ra, Pa 19174. USA 
"lecerved 30 SeptembPr El76 1n rev1sed form 1 O Novernher 1976 

-------------
l.~¡.btr<~ct Thc DJs::ggrcgntcu Res¡denud Allocar.on Modcl (DRAM) JS J PJOdJfrcd 1 nwry dcrrvutrvl' 
m0del wh1cl1 fc.llo•vs _the W:!son entropy formul~t¡on. T11c model 1s a cump1111Cnt IJI thc lnt.:gratd 
~ ra•¡,po.-t:l!ror: and Land Use P H k:tge-ITLUP As J part o! Ollgo:ng wo1!-- wuh IJRAI\1. rt ha~ llcC•r 

ca!Jbr.Jted tor scv~ra! U.S utles by u'c of cc•JJventwnal late twentreth-ccn¡ury d:lia ':Ci'> tiec~m.: uf 
th.: wo~K of tlle Pl1dadelph.n Scx ¡;¡¡ Hrstory PrOJCCt a nrnetcenth-ceJJt.Jr)' data set lu1 Plul:ru~lpr11a 

becam.: JVJtlablc fur use Thrs prov¡ded a un¡que upportunily to try c.Jirhr.tltori, uf DR!\M 1111 tlr" 
ccutury-old data and tlll., attcrnpt to val1Jate thc general structure o: tho: mudcl 1 !te rcsulh of 
thesc canhratwm ~uggest a rath10r hrgh degrcc of descnprrvc vahdlly ~nd cun:r~tcncy lltth 11t.1~ro 
bch~vJUrdl th~ones of ~patral alloca:ron 

lntroduction 
Dato.~ rnadcquactes are a peremtJal problem rn urb:,n -;¡mulatron -.tudrco; O.ti.J ~eh tlt.rt 
are adequate for estJmatmg a rrrodel\ puram..:tcrs are often drltrcult lo a~,~·mbk lt '' 
vtrtually nevcr poss1b!e to assemble a data set .tdcqu.;te for thc tJsk of v.Jltddtrng 3 

modd's pcrlornwnce. The data us~d in the work uescnbed lwre are a uniquc rc·-.uurlc 
and Jre an exccpt1on to the rule They are the result of vears ot effo1 t by Jhc ' 
Phrladelph1a SoCial 1-hstory ProJeCt at the Umverstty of Penmylvanw (f-lershbc1g, 

1976) The resultmg flles contam a relatively consrstcnt and comprehc,1~>~ve datJ ba~e 
for the years 1850, 1860, !870, and 1880 for the clty of Ph1ladclphia. 

The model and patameter o::~tunatwn procedures used m tht~ work aro:: purt of the 
program hbrary of the Plannrng Sc1ences S¡mulatlon LabOiatOIY of tite Dcpartmcnt ol 
Cny and Reg10nal Plannmg a t the Umvasrty of Pennsylvan~a. They, too, represen t -,he 
rcsults of years of elfort on model development, collectiOn, docUJw::ntatron, and use 

The conJunctJon of thcsc t wo resources to estrmate the paramc ters of an lll b:111 
simulatwn modcl for nll1etcenth-century Phlladelphra has produccd stnkmg ev1dencc 
of the genaalrty and d.:scnpttve valrd1ty of the model 

A description of the modd 
The model u~ed 111 rh1s research 1~ a versron of tho:: author's Di~agg¡egatc'1 ResrJentJJl 
Allocat1on Model-DRAM (Pl!tman, 1977). The DRAM modd 1~ a :.opll1~trcateJ 
vanat10n on the bJSIC Lowry model theme ( Lowry, J 964) The hypothe~.es of the 
Lowry modd assert that, g¡v~n a spatlal d:stnbutJOn of employmtnt Jnd J dc~cnptron 
of zone-lo-zone travd trmés (or l'O~ts), 1t 1s JJOSSible to est1mate the locatron ot the 
employo::e~' re,rdence~ Thrs loc.;tron rs taken 10 be a result of tnp !cngth proh:.~brlrtJl:'> 
and, 111 rhe more cornpkx vanants of the moJel, of res¡dence zone charactcnst1cs 
Th1s may be wrrtten 111 equatJGrl form as 

P, = l.t.~p,, w, ' (() 
1 

P, IS thc po¡::ulat,on Gf zone 1 

E~ 1:> employment !11 zone ¡, 
p,1 is the probabJilty of ,i wnrk.tnp as long as the travel tnnt: (or cost) L..:tweetl 

zones 1 and 1. 

IV, JS a measure of the res1dent:al attractiveness of zone 1 



The 1mportant d1fferences between the Lowry vanants result fiom ddferent functwnal 
forms to genera te' o,, from travel times (or costs) and from d1f'terent ways of measun11g 
W,. Furtha c!lllt:rences stem from structunng the model 111 ~tatiL or dy11a1111c lorm 

The L9wry modcl mc:~y be rewntten as 

whae 
T,, 1'> the number ul per~ons wurkmg m zone ¡ and IC'>!UIIlg 111 7ullL' 1 1 the 11 v. u1 k 

lr J¡J~ ). 

c,1 1s the lmpcdc:~nce (usually travel tJmc or travel cost) between cenlruJds ol zone 1 

and zune¡, 
f JS the 1111pcdanu: lu11ctJOn. 
An unportant probkm of tlus formulc:~tJOI1 1s thal rherc " no L'011>lr.nnt on the ~lllll' 

of tnps WJthout thL· LOilstr:unt there 1s no rec:~~on to expect tbJt 

Thrs 1mplres tlut the number ot employees m Lone ¡ will not equal the sum of the 
empl<lYCL''> n:~1d111g Lll di! zoncs 1 who cla1m tu work 111 zone ¡ 

A 'LlllpiL' Jnd con'>l'>ll'lll rcs1de1111al locatlon model may be denved lrom ent10py· 
maxunt71llg cOllLL'ph 1 Wrl,on, ILJ70¡ as follows 

( 31 

' T,, = A,B¡fJ,/: 1 lll,1 J 1-lJ 

wherl' 
O, are tnp ongub or employed persons hvmg m 10ne t. 
E, "employment 111 LOI1e ¡ as repre~ented by tnp dc'>tlnJtlulh 
A, 1s.a balanc111g fJctor for tnp ongms, 
B1 ~~ a balanong L.1Liur for tnp destmatwns. 

11 the tnp ong1m O, Jre replaced by a measure of auract1Yeness of the ongm zonl', 
~Y,. 1 he ongm~· h .. danung factor A, 1s elimmated to g1ve 

T,, = 1J1 W,L1 f!c,1 ) 15J 

In o~der for the corl'>tratnt on the sums of tnp destmatwns. equat1on (3), to be md. 
we h.Jve 

B, -= f ~ w, f(c,/)r 
1 

(6) 

lt ~~ 111turmat¡ve tu subst1tute th1s expresswn back 1nto the ongmal equat1on, whiLh 
y1elds 

T,, = 1:.1 "\ 
[ 

W, f(c,1 ) J 
7 W, f(c,1 ) 

(7) 

lf the term W, f(c,1 ) 1s called an 'c:~ccessJblllty-attractlveness' measure, then thc fractlon 
m equJtJOn (7) JS a relat1ve measure of the acce!>Siblllty-attractJvel1ess of zone i to 
zom: ¡ cornpJred lo all other zoncs 1 Further, 1t 1s clear that the total numbc1 of 
empluyed res1den t~, /\', rcs1dmg m zone 1 is 

N,= Ir,,, ((')) 

1 

and, by substitutmg trorn equauon (7), 

N, = LE, "\ "\ [ W, f(c,1) ] 

, 7 W, f(c,1 ) 
(9) 



-------------- ---------------------------
P1:or to the wn·.; dt:''''r,oJ hcr:: f)!{-\IVI had becn f1tted to ~c:vaal 11JoC-I'J7Ü d.tt.l 

~et' for US CltJc~ !:· JIJ, •. • :¡pplic.ttJOII~ thc N,' were t!Jsaggregated to fo11r ty¡w~. by 
mcom.: q u:.. dile Tht' il!ll·. · _ t:ll til-c·~ n tury PhJladelphlJ elata we1 e nor ~o 1 e.Jc! dy 
dh<J!~greg.tted Thus. !c•r rh•:'l' u.:~rs. tlw m0del wa~ uoccl 111 tlw homc,g~·m·,,¡.. 
pop~d:I!JO!l torm or l''¡.'J(!r)l) tC,) Tll<.: 1 éJfJ0-IQ70 torms of DH.AI\1 '.ht'U .1 liJLdiJVanal, 

altracti'Jt•nc~, mt"l '1. • T·-p¡c~l!y rh1~ lllt:J3Urc conta11Kd tht· hou~chuld c~>JI'ilU"i'll"l 

uf tht: t<'ill' ..¡)or•;: · .'illt :.,~,d .t''<J:!Jbdlly :nJ degr('e of o:it·vdc¡1fllt'llt f hu:. ·.Jl·: 

attril•.IIVl'nc·.~ Inl'J,,tre actu.liiy, o·Jt.JJnt'd tite pro<.lud of a ,u¡rog.ttL' llit'.t"LI'<' ul tliv 

1om·\ :JJn.·n¡t¡e-,, Jll r!.c ftJrn' ,)1 th•. lwu·:c:hoid dl'>ildHtiJOn. und thc q:,,,nr,:v u! l.t•h' 
;JVJI!Jl>!t• lnr ckvelu¡;mLr,t Tlll~ IV;,~. 111 rurn. Wt:lghted by tb t!t•vc·lop rhiiiiY .tllli,lll 

1h C{'l'llllg kwl uf rkwloplllc'IIL i•1 lhi'> l1r-.t wülk Wi!lt lh~: llillL{.'clllll-u:lrltiiY ,J.~t.· 

ih~· al!rJ, tJvenL''~ mea~ur<: \Vd', redu•.tcu to. ,rmply. th.: lUllJI .Jil'.t 

In¡)¡,· ilJ(,Q- 1()10 fornt' (Jt Di!,\1\1 ,¡ ill•)d!fH:d gam!ll.t tundloll. 1-.nown ·'' IJilllc-r·, 

ftm,·t,on. ¡;;use<.! a~ thc tr.¡ ¡•:r·h,,hlt, tundlt>ll Th1~ Ul\tllbllliCll il'.tY he ·"rid te, 

reprc'L'llt thc produL' ut 1 1 1 ,., l"·ll<':.tLiil•; .ncre.J>lllg numbt:r-; ot oppu1 ltitlillc'" 1 ¡,,, 
tt1p ~athf a·~tJOn. th.tt ~>. rt:~lc',en. '- .ouJtJon 1 encountcrcu Witll llll'rt'"''lll! dro,t:l:hc' 

travelkJ :.:nd (::) •:~poncntlal!)r deL n·a<,:ng propenslly to tra·;d <:,JL'h ddUJ(IU'l"ti Lllll' •11 

Ul..,tdll-:c 1 hus thc funct1on U!kt::'> rile 1 orrn 

. p, = LJ,~ ex p ({3D,,¡ . 

wherc 
¡1,1 1s th•! p!Ob<Jbdlty o1 a 1. :p of kngth D,,, 
D,, 1~ thc· tr"vel t1m.: bt'li.I.L:.:q ::one 1 and 1onc ¡, 
01. (1 Jft' ~·mpn1cally denved ¡-.:¡· t1 .t :cr~ 

1 h1~ ~amc 1 orm ut t 11p ltt nc 1. -"' w:¡~ u sed 111 t hrsc llllleteent h-l en tury anJiy-c-, 

Thu~ thL' form of L/1~ '\\1 U'i•:tl ·;, th/5 resl:arch wa' 

1

- 1 

L) ')" " •fl') • 1 
!'v' ==- ) L -=-_,__.__!/ _:..:::r_·~~~ 
• ' / 

1 ._'f_L,'D,~ cxp(¡3D,,Jj ' 
1, 

1 JI' 1 

( 11 \ 

where all t(;rm~ IJJvc been pr'.'VlOLhly ddl'léd •:xcept L,. wl11ch "' the all'<J of 1onc 1 

Jnd "Y· v..J:¡ch JS <Jn empmt.:Jily JcJived pJr.unct~r 1-Ltvmg ~dect•:d "furm ni lliC•tld wHJt 

wl11ch to \vOl k, the ncx t tu'k wa<- 1 o ~..reate thc appropna te da!;.¡ fdt:~ to 1 un l !le tnt" 

Dai<J ha~t description 
·¡he JJtd u~ed for th1~ piüJL'd w.1·~ con~tructed from the file~ ol rht: l'hii.JJclphiJ 

Socwl 1 !1~tory ProJect Th1~ u.tiJ bJo,e 1~ de nved from ~evcral ~ourtc\ f he popul.¡ t 1o11 
data ar~: trom the manuscnpt o;Li~<:uul~s of the US Populatwn Ccnsus for 11350. l/3t,U. 
uno. dnd 1880 The~c are Jllgmented by' ~pec¡a] surwy~ of the Penn~ylvanFl 
Abolltion Soc1ety and the SocJL·ty ot Fncnd~ manu~cnpt census \cllethtle> ot ¡ ~3X. 
1847, and 1856 l::mploymem datJ c2mt: from the US Cen~us of M:JnufacturJ!lg 
mJnuscnpt schedule~ for !850, 1860. 1 X70. ar¡<.l 1880 Furthcr L'mploym.:nt 
mformat1on W:l!> denved from f'hriJ<.IelphlJ bu~rness Drrectorre~ of tht e1.1 fl,c¡c '' 
also a flle of dJta regard1ng th..: líanspOrtdtJon systems of the era w!utll WJ~ lh)t 

avallable ot the t1me ot thc work reported here 
All thesc datu ftle~ wert: hytd toa gnd ~y~tcm wh1ch drv1dcs Phll.,<.ldphw tdefinc:d 

1/l te1ms uf ILS present bound:lr!e',) Jll!O 7JQQ gnd ..:elb l'Jch contalllll!!; J ~') cdy 

btotk'>. For thc caJ¡brclt!Oll (p<JiJ!liC!t:r c;.tflnatwm) n:ported hnc thrs .tf':.ll '>J'.>ll'lll 

Wd<; aggregatl'd toa system of 105 zono.:s fitest: zone, werc de~rgn..:tl lo l1y :n· 
devdop more or kss homo6ent:ous popitlation dcn~rt1~~ o! the gnd cclh ,nclud~d .tnd 
always to tnvolve mtcgral aggreg..!tlon (th;_¡r ~~.no spl1ttlng) of gnd~ Onu rh.· 1 ())-ll"'' 

'Y~tcm wa~ dev1sed ihe are a of ea:J¡ zone wa~ calcula re u an<.l x- J' cou1 dllla te:, weJL 



1' ') '~e 

a!:>s1gno:d to tht: <.~pplOXtnJJte lot:allon of the 7one LL'Illro1d~ Hy mt:ans of JIIJiytiL 
gt:omt:try the lOS x 105-zont.: d1slancc mJtn:-, w.¡s th\:n eakuiJlL'd usmg tht: ~trJight 
lmc dJ>lJnt:es bt:tWL'Cil zone centr01ds. The t:ompleted 105-tolh.: data fll~:s w-:rt: tht:n 
mag,•d 1nto a ~1ngk master file, plus the J¡~t..Jnce> matJJ:\, wh1ch was u~ed 101 <.~11 the 
t:JIIbrJtJons de,enbcJ below 1t should be noted that thl\ W..J> the Sllllpk~t LiJt.l ~et 

"uffiL'Ient lor th~:,t: t:ahbratJOtls. lt JS hop~d that at sorne luture date v,mou-. 
dtsaggregat1on' can be made and the model recaltbrated and tcsted furtht:r In thc 
work that 1, de,t:nbcd ncxt only total populatton, total males employeJ 111 
manulactunng. zonal arca, and the dtstanc<' matnx were u~ed lor e.1ch ot tho: tour 
t1me pomt~ 

Results uf parameter estimation 
E,ttmatton ol pJrameters for models such as tht, has bt:come a relattvely '>II"Jight­
forward proct:dure. A mathematical scarch techntque 1, u<>cd to fmd thc 'el ol 
numencal vJiuc" of 'Y· ~. and {3 from equation ( 11) wh1ch rn~n1m1Zt: the di~L'TL'PJIILY 
bo:two:en thl· observed N, data and the model\ e,t,matt:-. ol N, 

In thl'> Je-...:Jrch th~: search proccdure u-;ed WJ, thJI ol gt<.~d1ent seJidt In grJOIClll 
,ean.:h tho: gl<~tlicnt (..¡fl n-dunen,IOnJI veL!or orthogonal to the mJrhem.JtiLJI 'utldLL', 
whos~ prOJCdlon on that surfat:e pomts 111 the J¡rect¡on of steepest a'>cent) 1s 
evaluatcJ ..11 a g!Vcn potnt, and an n-dtmenswnal step t'> taken 111 the Jue..:LHJII 
mdtcatcd b} the prOJedton of the grad1cnt Thc gradtcnt may be c<.~ILul<.~teJ by u'.e 
of numerJL,d JpproXllli..Jitons or by analytJcally ,olv111g tht: tundJOII\ pa1 t1JI 
tknvattvc~ Wl!h re,ped to the cntenon betng lllllllllllZCd ror tht:~c· Pdl.JlliL'IL'I 
c'tllllJitüll'> J maxlmum llkeldwod t:ntcnon WJ, u~,·J 1 J¡,· value ol l<c. W.J~ .11-..o 
Lakulat.:d ,1110 JS pre<;ented here as J more readdy lllterprctt:d mea,LIIL' ul tlt,· modd\ 
LiJta ftb. 

lt ts wurth nottng that m prevtous work wtth DRAM 11 wa~ tounJ thJI thc u'e ot 
a maxtmum-hkehhood cntenon rather than an R 2 cntcnon tor tht: pa!Jllldt:r 
esttmdtton y1clded a more sharply defmed optunum Tht~ lOII,Jdet.Jhly JlllelturateJ 
tht: prohklll Of the Cfltef!O!l bemg 1'1SL'Il,ltJVe lO pdT8lllt.'[t'f change, WiJL'll 111 !he 
netghbcrhood of the opttmum or best ftt to the data l'hc use ot the ma;....¡n¡um-
ltkelthoud cntenon ,, also deSITable on thcorettcal grounJ-. (Batty ano l'vl.¡ckte. 1972¡ 
Fu1 thct. tl should be noted that expenments wcre run wtlh dtfkr~:nt ,¡,,rtmg potnl'> 
for thc warch prot:edure. The results of thc~e runs tnd1cate thc abst:nce of local 
opttma 111 that, rcgardless of startmg potnb, JIJ runs wtth a g1vt:n dJt,J 'ct converged 
on th.: ¡denttcal parametcr est11nates. 

The pJrameter t:SitmatJon ( caltbratton) rcsult~ are shown m table 1 1 t 1s 111 the 
mterprctatton ot the ~ and {3 pararpeters of the travel funct1on that the most 
mtcrest~rtg "'pcct of thts work 1s to bt: found The role of thc '¡ parJmt:tcr 1s ->tmply 
to make the ¿onal area L, account, m part. for the numbL·r ol employeJ restdcnl'> 111 
tht: lO!Ie. 

Table 1 P,nameter est1mates mneteenth-century DRAM 

D..ttc 

'"(, l..tliÚ .JrCJ 

a, opporturullcs 
{3, t r ..tVcl propCilSllY 
Olsl..tnce al tnp funct10n max1mum 
DlsiJnce al O S cumulal!ve tnp probab1hty 
R 2

, measure of f1t, but not the cntenon 

1~50 

0·4644 
-2 277<) 
o 0576 
na 

<0·05 
o 5572 

1~60 

O X'JOO 
3 OX77 

-~ 0533 
o 61 
o 74 
o t\168 

IX7!' lXX() 

o 7200 o <)7()~ 
1 055'2 1 ll_'l() 1 

-2 76'12 -3 4201 
O 3X o 56 
o (>2 o 75 
o 7315 o 7<03 



Callllrat•ng a res•dent1al locat•cn model for 19th·century Ph1ladelph1a 

1t 1s mstrudtve to recall that the first terin of thc tnp piObJbihty funetron 
(equutton IIOJI accounts for opportuntttcs as a funCt1011 of dtstancc trJveli~..·d (ur 
gcm·raltzcd truvcl cost incurrcd) from thc tnp ongw. Thus u posittve vaiuc ni ct 
unpftcs th<Jt thc opportunitics cm;ounkrcd wtll m~.-rcase with m¡:rca:-lllg r.lt:.t<~nu: 
(cost), whcH:a~ a negat1vc valuc of ~ tmphes that the opportunittes cn<.'Otlllll:lc'd \\di 
dcctcasc wllh tm,rca~mg dtstanc:c from the tnp ongm. In pr~.:vtous cJitht.lliO!l \~u• f.. 
wtth DRAM. vJiu~:s of a havc bt·cn c:.ttmatcd for populatton tthsaggtcg,tlt'U tu lllLUIIlL 
quaruk~) 1ll Mmncapoh:., San Frauctsco. and Washmgton. OC in Jll ~,.,,~,·~. JI ¡1;,· 

leve! of arcJI dctJtl uscd hcre, a hds been positive. 
For 1 H50 wc frnd a ncgdtivc valu~.: uf a. Thts ~ugge~t~ tlwt thc ckwlupcd .trc:t ol 

thc <..IIY apd ol thc smail town> >catll.!rcd Jhout the arca, thJl now con1pn~t'' ti1c ,,ty 
wcn: rath~..·r ~..umpact. Conscqucntly a tnp origrnating m J dcvclopcJ ton' wnuld 111 

fad, cncountcr rapidly dcclmmg opportunJttc:- wJtlun a ~mall dr~lan<..c 11om th.1t 
on¡;m. A '>palwl pattcrn of tlw .. typc 1!>, 111 cs~ence, a prop,·Jty of lhL· urbo~n 101111 
wh~~.:h urban hio;tonans havc tcrmcd thc ·walkmg' ctty. 

For li:H,O. J dccadc latcr. thc data y1cld a rJiher largc poo;rltve valuc uf o ·¡ h1~ 
suggc..,b lhat IJrgc numbers of opportuntltc~ would be cnLountl:rcd nea1. hui lllll .11 
thc trrp Ollglll. Thc infcrcnce hcre rs that cach of the dem<-' dustl.!r~ of dch'l"pnh 111 
ha~ pruduced :.r nng of further dcvclopment JU .. ;t ~J¡ghtly removed from tlic· colc' -ll1c 
tnps n)adL· \\<OUid. howevcr, rcmam rclatively short. probably not wry rJifktcnt 111 
lcngth frorn tho ... e of 1850 

In IH70 thL' valuc of a •~ agarn postttvc, but ~mallcr than 11 WJ.., 111.1 :-l(,() 1 111~ 
..,uggc..,h lhJt J stgnrf1cant ~prcad of opportunrtiC..,, bcyond thc JR(¡Ü nng. 111.1~ lto~v,· 

to~kcn place by 1 g70 Ftn:.~lly, !11 1 ggo thc vJiuc of a 1:-. po~111vc :.tllll ·II'JliU.tcfiiiJg •h 
1 XI,O v.tlliL' rf11~ may rcprc~cnt thc rJcvdopmcnt ol :.t ~cconrJ nng ol uppollillilltL • 
11 nt.ty o~f..,u IIH.llc:.ttc :.~ 'f¡lfrng tn' of thc more dt~pcr:.cd but fe~s dcn~c flJllLill ul 1;.; 7() 
Aft,·tn,IIIVL'fy thc scquenl'c of a value:, couiJ be laken 10 n:prL'!-oClll 11ppk' ,,¡ 
Jcvclopmcnt nuwmg outwarrJ f10m thc corc ol cach of lht· rJcvcfopcJ ,Ju,tu~ 111 llil 
n:gton The ..,!Japcs ol the opportuntttcs functwn for eJch of the four po1111~ 111 tllllL' 
are sho\\<n 111 lrgure 1 

Thc 'occonJ lam of thc trip probabtlrly function [equatton (IOJI :.lLLOllnts Jot lhL 
111Jrvidual\ propcn:.JIY to travcl vdfymg dt~t:.rnce.., lrom lhe lnp orrgm fhu~ ,, pü\lli\L 
VJiue ol {3 woufJ unply a pn:ft:rcnce for rncrca:.tngly long trips, whcrea~ J nq.!.Jlll ~..· VJiuc 
of {3 would unply a dccreasmg pn:ferenLe 101 mcrcasmgly Jonger tnp~ In p•tlll 
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cahbration work with DRAM, values of (3 have also been estunated for populatwns, 
dlsaggiegated by mcome quartJ!es, m Mmneapohs, San FranciSCO, and Washington, DC' 
In all cases, at every leve! of areal detall tested. the values found for (3 h<~ve bl!en 
negative 

The d.Jta for PhiladelphJa m 1850 yJCid a val u e of +O OS 7,6 for (3 Th i'> re~ul t 
suggc~b thJt in 1850 the tnpmJkers (note ti1Jt wc are conccrnL'U piilll.lidy Wilh lhc 
work tnp 111 tile~e di~cussions) were Virtually mdifferent to liip lenglil Tlu~ Wl!m~ to 
be a ratiler unreJhstic hndmg until the notion of the 'walkmg uty' h rcL.tlicd lt i~ 

hkely, J~ wtll be discus.;¡ed 111 the next sectiOn of tlliS p.tper tl!dl evc·n lile longei 
work tnp~ wl!re short enough for tnpmaker~ to be mdirterl!lll to wh.Itevei nunor 
vanJtiOil" In tnp length there mdy havt:: been. 

By !8(,0. JLht one decadc !Jter. there mu~t hJvt:: bcen the possibdilY of tJklng 
longer work tnp~. For tlliS data set, a Vd!ue of -5·0533 WJ> tou11d Jor (3 This value 
yield~ a ~re::ply dt::climng exponentlal curve o! travel propemity a~ J function of 
mcreasin~ di~tJnce.' Such a curve suggests that by \860 longer work tnp~ were 
possiblc thJn were possible 111 1850. Stated 111 other woid>. 18Cí0 mu~t iiJ~e <.,een thc 
beginnmg of a trend towards mcreasmg separatwn ot workpiJce from re~idence At 
tht:: SJllH.' 11me, the curve also suggests that most tnpmdker<., werc >trongly J¡smdlllcd 
to mdke tnps noticeably longer than the ones being made a dt::~Jde eariH.:r 

in 1 X7ü Jnd agam .n 1880 we fwd negaliVC valucs ol (3. yiddll1g <.,teeply declillillg 
exponential Lurves of travel propens1ty. lnterestmgly cnough, the Lllrvc lor 1870 
dechm·-; less -;harply than either that for 1860 or for 1880 Thh ie~ult >ugge~h til.d 
tnpmakers were somt;what more wilhng to take longer tnp, 111 1 ~no rilan rhey we1e 
e1ther 111 1860 or 111 1880. An alternative expiJnation. J, wtll be di~cu~~cd 111 thc 
next ~ection ol th1s paper, 1s that there WJS a signiflcJnt discontlnUity of some >Ort 
wlud1 took plact: 111 Philadelphia betwee11 1 R()O and 1 X70. Th1~ di,conlillllity mJy 
have .;¡Juttcd the travel propensity funct10n mud1 the >ame way a' a dcma11d curve 
( 111 cuJI10mlc J11alysl~) m ay somet1mes be shdtcd by ~o me m • .11 kd or hi~lOiiL,Il 
dl~contii1UIIY The 1880 travel propen~1ty funct10n n11ght tht:11 be seen <~' .t 

movemcnt b.1ck toward~ the 1860 curve lrom the 1870 di~pldLCmt:nt lile liJVel 
prop~:n~1ty curves for each of the four pomts m time may be ~een m f1gure 2 

The lnp probabil1ty function, the product ol the opportumtll~S term and th.: U.¡vcJ 
propens1ty term, can assume, under normal circumstanLe,, e1ther ont: of two shape~ 

1 50 

1 20 

;.., \'ó ~ o 90 
" 0.. 
o 
o. 

11 -.; o 60 
"' \~870 ¡.:::: 

o 30 
\' 1880 

1 \ 

o 00 
Ll~6o'~ 

o 00 o 60 1 20 1 RO 2 40 3 00 

D1stJJ1ce (mue) 

F1gure 2. Travel fu11ct10n PhJiadclphla 1850- Ol80 



Calibrdtmg a res1dent1al locat·on model :or 19th-century Phlladclph1a 

lf the values of a a!ld {3 are both negative, the trip functton takes the form of a 
declimhg cxponcntJal function. lf the value of a Í'!. positive and that of (3 is ncgativc, 
the functicn looks like a normal dJstribut¡on ~ewed sharply to the lefl. 

In prior work with DRAM, when i 960 or 1970 data sets wcre used, th~ valuc of ¡3 
has alwayo; bcen found to be negatJve. This is consistent both with theory ami W1L!1 
mtuitJOn, saymg that as far.as work trips are concerned. v¡rtually evcryont: prdcrs thc 
shortest possible tnp. The valuc of a has been negative in only onc in<>tam:t.!, wht:íe 

the nine-coun ty San Francisco Bay area was analyzed at :t thirty-zo.lc kv el of d~:ra1L 
At this coarsc level of detail the opportt:n1ttes phenomenon was apparl!ntly sw..~mp!:d 
by the travd propensity, thus forcmg tht: neea!Jve value of a necessa1y lu1 tlw tn¡¡ 
probab1l.ity functJon to havt' rhe negat1ve exponentwl shapc. Whcn tllls ~J!Ot: d.tld ser 
was J¡~aggregdted to one-hundred, :md later to three-hundred, zonc~ thc valut! of (~ 
became po~Jt1ve. In definmg the areal system used in rhe prcsent unalyses, CJr\' wa~ 

taken to cr.sure that the Zúnes were smal! enoúgh to caprure, rathe1 than uverwhe!m, 
the opportun¡ttes factor m the trip probablltty function. 

The tnp prob.tbility functtons for each of the four t1rne pomts of tlm analys1~ are 
shown in figures 3, 4, S, and 6. !t should be nottced that thcse figures hJ\'1! Ulfh'¡~.nt 
vertJcal scales. This JS tmmatcnal 111 the model, smce reference to l!quatiOn ( 1 1 1 wJII 
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show that any value m the numerator of the nght-hand 'ilde of the equat1on will be 
normalw!d J\ Jn mtegral part of the model cakulatlcns Conscquently the mu'it 
nnportant a'ipect of these graphs IS the shape of the funct10m Jnd the11 po~ltlolh 

along the d1~tJnce ax1s. ' 
Thc graph tor 1850 shows, desp1te the use of a proper, f1ne gram. JfL'dl ~y~tL'IIl. that 

the tnp probabdity functiOn IS. a negatJVe power functiOil ThiS I> no uouht due lo thL' 
t1ght clu~tenng of actiVItJcs, both workplace and re~1dence. 1n the viiiJgL ~- tuwn~ .1nct 
CIIIC'i of the uay. Apparently the majonty of the popul,ltiOil 111 IX5llli\CU well 
w1thm onc-hJif mile of the1r place of work 

By 1860 the tnp probabd1ty funct10n J~~ume\ lb cu~tOillJIY l01m. ]J,¡v¡n~ 

opportun111e~ lllL.fCJSing With tnp length Jlld Wlth. people ¡Hdelnng to ll.iVL'I .1~ l1ttk 
a~ pü~>Jble 1 he rnaxlmllm of thiS functiOil OlCLif~ Jt a Ul~l.illU: ot .lpJllO'.IIIIJkly 
O 6 mile While the Ul~tnbutlon IS skewed ~l1ghtly to tlll' kit. lllOIL' th.111 h.dl 11~ .IIL'.I 
1~ Lo the lctt ol O 75 mile The shape o! 1111~ !unLliOil 'iugge~h thJt bv 1 Kl•U tilL'IL' 
mu>t have hL·en a begmnmg of a trend towJrd> greJter >eparc~t¡on of rL'~IdenLL' JnJ 
workplace l:-.ven so, the vast majonty of the work tnps would havc hl·,·n le~, thaP 
1· 5 mde~ At an est1rnated walkmg speed of 15 mmute~ pa m de, th1~ puts mo,l 
work tnps under 22 · 5 mmutes. 

The _tnp prohabiiity funct1on for 1870 1s shown 1n f¡gure 5, ancl ha\ thc \,lllH' 
generJI form '" the 1860 functiOn. In 1870 the tnp funLIIOil ~~ 1110IL' ~hJrply ~kCWl'U 
to the lef't,. The peak occurs at JUSt umler O 4 rn1le, w1th half the tnp~ he111g k\\ thJn 
O 6 rn1le. though Vlrtually all the work tnps (92o/r·) remJIIl JI ]e,s than 1 .S mile> 

Fmally the tnp probabJIJty function for 1880 IS shown 1n figure (). Jgam h,tvlng the 
same generJI torm as In 1860 and 1870. By th1s t1me. hOWL'Ver, tlwre hJ'i hL'L'll J 
clear sh1ft towards longer work tnps and the Impl1ed dlsper>IOn ot lll bJn Jlll\ 11 IL'~ 
In 1880 the tnp probabiiity functiOn peaks at JUSI under O 6 mile, h.dt thL' IIIJl~ are 
now longer thJn 0·7 mJle, and the 95% pomt has moved out to 2 O 1111k~ 

Thu~ we set· 1n the tnp probabJIIty funct1on> the odd di>LOiltlnully tll.1t tiiL' 
1870 result> lllJke 111 an otherw1se regular progrc'iSIOn ol 111p p1ub.ibii1L~ ltlllLIIon 
pJrameters from 1850 to 1880. In most LOntcmporary analy~e> of the~L' 1 LIIIL liOlh 
Jnd moJel~ 1t would be necessary to wnte a grJceful conLiu~¡on to the JlliLk .11 

about tlus pomt, wh1ch would mclude some !urther speculat1on a> to what uused 
these results In th1s case, however, we havc the benel1t of one-hund1ed yeJI~ o! 
hmd>lgh t \Ve know, for the most par t. the 1rnporta:1t phenomena wh ILii wc1 e ad1ng 
111 anu on Philadelph1a J century Jgo The'>e phcnomc:na co1 rel.1ll: pe1 kL ti) w1th tllL' 
resulh of our parameter estJmatiOn, and are dc,cnbed in thc follow111g 'ect1on ot the 
paper 

HJstorical context 
After the parameter estimares for the four time pomts were completed Jll attempt 
wa~ rnade to place the tesults m an htstoncal context In particular n WJ' hoped thJt 
somethmg would be found to have taken place between 1860 Jnd 1870 to explam 
the 'Jog' 111 the 1870 parameter est1mates 

lt has been hypothesized that there IS a strong relJtiOnslllp between 11 ,m,pol t 
development and buiidmg actiVIty both at reg1onal and at local leve! ( hJrd 1942 ¡ 
Th1s study 1dentified SIX Jssociated buiidmg cycles and transport development >urge~. 
At the nat1onal level the thtrd of these blllldmg cycles ts dated 1862-1878 Jnd ~~ 

assoc1ated w1th a surge of raiiroad construction of such magn1tude th.1t US lc~ilro.Jd 

m1leage doubled dunng the penod 1865-1873. Th1s, along Wilh a bJLklog of hothlllg 
demand caused by the Civil War, produced a nal1011W1de surge m hotblllg cumtnll'tiOil 
after the war's end 
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.In Philadelph1a, begmnmg in the 1830s, a form of publtc transportauon known <JS 

the omn1bus, was developed These vehicles were large, enclosed carriages Jr uwn by 
horses through the cny's cobblestone streets By 1857 the1e wen: 32:?. of thcs~: 
ommbuses in ope1 atJon. So far as can be derermined from availablc ev¡den..:r.:. thc;;l' 
veluclcs were little u sed for the joumey to or from work ( Hcrshbcrg ct Ji. i 977\ 
Virtually everyone walked to work, as was surm1sed above from 1850 DRAM 
paramdcr c!>t1matcs. 

In 1857 constructJOn of a new for¡n of transpoi tatJOn, the hor!.e-dr;,wn ~tfL'C!uti. 
or strect rallroad, was begun. Th1s new systcm cons1stcd of 1ron rail-. la1d 111 tillo! L:tty 
.stn:ets, thu-. allowmg the SIZe (passcngcr-carrymg capac1ty) of hoise-drawn vchrlk~ tu 
b~: tnplc,d ¡:nd 'quadrupled. By 1858 there were SO mJles of track, over wlw:h :m 
:mnual tot<:.l of approx1mately forty-s1x thousand p::ssengers were ca I TH:d By 18 59 
the number of horse-drJwn omn1buses had dec!wed to 56, and a year l.Jtl.Cr. in 18(l0 
th~:re wcrc ::>39 stret:hoars m operation, whereas the ommbuses had virtu~i!ly LeJ.,eu iu 
op'-'rate. By 1870 there were just under 500 streetcars in operat1on anú by 1 ~80 
fifteen companies were operating 800 streetcars o ver 239 mil e~ of ·t l ack. carry mg 
nin~:ty-nme mlllion passengeis per annum. This transport system, m dddJtlon to 
considerable truckage m the developed arcas of thoc: city, radwteú ·out to rui.!l land 
ami adjommg town~ via !>iX spurs, and was opcratiOnal rn advance, lor thc 1110~t part. 
of th~ city'~ cmcrgmg hou~rng boom 

Thc populat10n of Phlladclph1a for the four t1me pomt~ was 

IHSO 
40HOOO 

IHúO 
565000 

1870 
674000 

1880 
841000. 

The n~:arly 40':tc mercase bt'tween 1850 and 1860 produccd a rather crowdcd ~ltllallüll 
With onc m four persons llvmg rn the most dense! y populated parts ot tht: L.lty0 ~ 
Along wit·h the further 20% increment between 1860 and 1870, 1t 1s dcJr that thcn· 
was a con~Idcrable pen t-up demand for hcJusmg dunng the 18ó0s and 18 70~ '1 h1' 
situation was further exacerba ted by the dechne in con-;trudwn act JVIty dui1ng th.: 
Civil War ye,m of 1861- 1865. 

After thc CJv¡J War and mto the 1870s there was a tremendou~ construct1on boo111 
m Philadelphra. There was a substantial change m the -character of the constructtun 
industry. Pnor to thJs penod, housing w'as built by carpenters and sinall btlllder, Jt 
the request of the home purchaser. Dunng the construction boom largc contractors 
devcloped great parcels of land at the fnnge of the existrng built-up portion-.; of the 
city. By 1 ~80, one-third of thc existing bulldings had becn wnstructed 111 thc ¡mor 
ten-year penod. . 

In ·the !840s and i 850s the most common buiiding types were thrce and fow 
!.tones high. The new hou5mg of the l860s and 1870s wcre thc two-sror~' row 
houses. Thesc could be bullt cheaply and sold for twice the1r buJidm!! cosl. JJH.I wcn· 
w1thm the financia! rc<tch of a laigcr proport1on of the populatton. DunPg thl! over,tll 
pcrioú :1850 to 1880 the inhabited a:ea doubled, the populatwn more thaJHloublcd. 
anú th~.: average populatJOn dcnsrty dechncd by almost 17%. The proporlJon of 
p~.:rsons l1ving 111 the City's dense~t arcas úeclmt:d from one-in-four In ll:lúO to onc-ou· 
eleven m 1880. Thus the penod saw a tremcndous extens1011 of the uty's dewlopeJ 
land, w1th more than double the 1850 populatwn living In numerous !.mallcJ 'hou~t·~ 
with fewer persons per household. 

Along wrth all Uus actJvity, as both cause and drect, a maJor socwl reorganizJI1on 
of the city wa~ takmg place. The populauon was comiug to be divtdcd mto rwo 

(I) Mt>st uf these statlstlcs are denved f10m vano!Js unpubhshed mJnuscnpts and tcse:uch prnp<>o.ih 
of the Phtladelph1a Soc1al H1story Pro¡ect. 
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groups, reflcctmg the dtfference between manual workers and an mcreasmgly dtfferent 
whitc-collar group. The manual workers, compos1ng the great majonty of the labor 
force, had thetr res1dence location closely tted to .thetr plJce of work Thc ~l'COnd. 
and generally wealthter, group tended to move to newly cnH:tgtng suburb,, ..:oJnmuttng 
i•:> work vta the streetcars and recently constructeJ commuter passengcr rai11o.tLh In 
L1ct, 111 the penod 1850 to 1880 the central are a of the c1 ty ex penenced a 23',; 
dechne 111 restdent populatJon ancl a 60% mercase m thc numbn ol ~tnc~~ 111111, 
'1 h1s phcnomenon, coupled w1th mcrcasmg number~ ol much l..llg~o:1 \L.Jk, I.Jnd 
mtenstve, mdustnal enterpnses, was the begmntng of the cvcntuJI dtVISion ni thc ut;-­
mto separate restdenttal, commerctal, and mdustnal areJ' 

An obvwus consequence of all these gomgs on was a 'et of \LllbtJIItlal dtJngc, 111 
work-tnp pattans, whJCh t1e dtrectly back to the results ot the p.ttatllctel c'lilll.ilc·, 
presented 111 the prevwus sectwn of th1s paper. From Jn en.plllc,tl cXJITIIIt.tliOil ot 
the work tnps of 4000 persons between 1 ~50 and 1880, ti wa' comludcJ thJ 1 

"Thc vast majonty of the 4,000 persons whose JOurney-to-work WJ~ recon,lllll't ed 
llved wtthm stx-tenths of a mil~ from where they workcd 111 1 ~50 and W1lh111 une 
mil e m 1880" ( Hershberg et al, 1974 ). These rcsults compare well wt t h C\t llllJle' of 
one-half mde m 1850 and mne-tenths of a mde 111 18~0 whtch re~ult trom the UI{AM 
calt br<~ twns 

lt seems qUite clear that the ;:¡dd jog of the 1870 parameter esttm<~te' re,ulh trom 
the ~harp change m tran,port technology lntroduced 111 1 ~57 -185 8. th1~ new ,y,tcnl 
would not have had much effect on the 1860 patterns of re,1dcnce Jnd wo1 kplau.:, 
However, thts change operatmg m thc 1860s, coupled wtth th<.: hous1ng boo1n, wtft.tlu 
have had a nottceable effect on the ctty's spJtJal pdttern' by 1 H70 ·¡he quc\!Jon 
rcmams a~ to the way Jll whJch these pattcrn~ Jre refleLicd by the 1 X70 DI{,\M 
paramet<.:rs'1 It mJy be that thc 1870 spatwl dJ\!nbut1on~ d1d mdeeJ Yll'ld J 111p 
prob<~bdJty tunctton sh1fted to the left of the 1860 functJon, followcd lly " JIIOJc' 
normal slult to the nght (resummg the trend) lor the 1880 lrlp prob.JbdJty lunLIH•JI 
lt eould have been thJt the crowded c¡ty of the early 1860, re~ultcd Jll J \JgJJJÚCJllf 
mcrea~e m peoples' wtlhngness to travel tf, by so domg, they could e~cape the 
crowdmg. The constructJOn boom whtch began after the Ctv1l War, bemg IJ1gely 111 
the hands of developers, would have produced a pattern ol w1despread but ·,pot.ty' 
development 111 1870. In the followmg decade the vacJnt areas w1thm thh pattern, 
for example areas between the 'spokes' of the new rJdJJI tran~portat1on 'Y~tem, 
would have ftlled tn. Thus the pattern of 1880 would not b~ veJ y mud1 more Wldc­
spread, but rather more densely developed and largely wtthJn the LOilfJJlt:\ of the 
1870 pattern. 

AlternatJVely, the 1870 shtft may result from the faet that d1stance wa, used 111 
these mittal cahbratwns m heu of travel lime lf the travel times were u~ed m the 
cJhbratiOns, the 1870 parameters might not show th1s d1scon t1nuJ ty. 1 n thJs ca~c one 
might ftnd the trip probabthty functwns for both 1870 and 1880 slufted la1 cnough 
to the nght to forma regular progress1on from 1850 to 1880. lt 1' mte1estmg to 
note that an esttmated 37% of the street-raiiway tnps taken m 18RO werc work t1 1 ps 
Th1s est1mate JS extended to suggest that approXlllJately 17'1o of empluyed pe1,om 
regularly uscd tlus mode of travd to work. Although th1' JS not d ve1 y IJrge 
percentage, 1t probably accounts for a large portton of the wo1k tJJP'- of the wllltc­
collar work force. Thts work force ttself compnsed the bulk of all wo¡ ka' IJvmg Jt 
any dJstanee lrom the¡r workplace. Consequently the~e 'treet rJJifO..tUS, wlulc no! 
earrymg a very large percentage of the work force, were ca1 rying many of tho~e who 
were most residentJally mob!le and who would be leautng !he emcrgu1g trcnd tow.ud~ 
suburbanizatwn. Future work w1th th1s ddta wiii Jttempt to mve~tlg.Jte th1~ que~t1un 
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As a further 1llustration of these hy9oH,cses, the cumulative probabilities of the 
trip fu11ctions for the four time points are shown in figure 7. It is quite clear that m 
1850 there was very little separation of place of w..:>rk from place of residencc. 
Historiclll1y the ev1dence sugg~st~ thf.lt many persons worked m or.e Ioom of thcar 
residence. By 1860 there was obviotJsiy a well-~~tablished trend towards se;_>arat10n 
of place of work from plact; of resJdence, with thl"! cwnulative probab¡J!ty cu1 vt: be111,~ 

not as sreep as the one for 1850, but steeper t~an eJthcr 1870 or 1880. Notil'c th~t 
the 18?0 anct 1880 curves run parallel to each otht:r over a substdntwl part of lhe1r 
1~ngths. This ser of cumulativ~ probab1lity curves illustrJtes the change from 1850 to 
1860 and the el ose mmlarity between 1870 ancl i 880. It stdl cannot be resolved as 
to whctl}er (a) subst1tuting trave! t1mes (mcludmg the pr~sence of the tr,¡ns¡t sysh:m' 
for zon~-to-zonc d1stance would shtft thc 1870 and 1880 curves, together, to tlw 
right of 1860, or (b) 1370 and 18!50 repre~~nt a different type of urbJn spatial 
phenom,·non compared to 185~ and J 860, whi<.:h would y¡efd further p:ualld curves 
for 1890 and 1900, etc fonmng an orderly progress10n to the nght along thc axb 0! 
thc grapll, but which :ue m thetr proper rel:ltionship to 1860 as now drdwr. 

The d~grec of d¡spers1on from ! 1)50 to 1880 varied cons1derably amongsl va1wu~ 
types of employmt:nt. :v!ost types sho\ved so•1v:: dtspersJOn, but sorne >howcd mL1ch 

more than others. <\ further attempt to d!saggrt.garc the popul2tion 111 estnn:Jtmg the 
DRAM parameters should yield sorne mterestlllg ev1dence m thts regard. 
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Figure 7. Cumulat1v~ tn¡:> fu:-~ct10n Pruladelph1a 1850-1880 

Conclusion 
The substantive conc!ur.JOIIS have really been made 111 the prev10us sect1ons of thas 
paper. There are Gome general pom ts to be maJ.: regardmg methods. F!rst, th~re J,as 
bccn sorne rcluctance among planning practnioners m the US to unuertake the use cf 
Wilson-type Lowry modcis. ThJs m:Jy be ascribed in part to the percc1ved d1fftcultie3 
of parameter estJmation. It ts worth notmg that once the dat~ :iles wer>:: pr.::par~·J (a 
task which is much the same regardless of whether fonnal or informa! Lahbrat!On 
prccedurcs ure contemplated), standard sc>arch routim·s allowed the c:Jiibr ... lwt. ot' ;:!! 
four time p01nts to be accomphshcd ill t\IO days &t a computer cost of about $250 
for the lot. 

Second, anJ perhaps of greater importru11.:e, is the q:.1est10n of the appropn:Jtencs~ 
of the Tanner functJOn as a tnp probab1lity function. and the value of syst.;matlc 
ca1ibration of thesc modcls. For the first p:~rt it may :JOw be sa1d that the Tanne1 
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func!lon ha!> g1vcn rcsults con!.l~tent w1th macrohchav¡oral lheory for '>cvcr.d d1fkrcnl 
US Cllll!S, at vanous Jevels of spat1al dctaJI, both for·nmetccnth- and lor twenllcth­
century data scts. Th1s ev¡dence bccomes more dd'f¡cult lo repud¡at.: th.111 .1ny WL' 

havc had to date For the second part, 1t •~ d¡ff~eult lo bd1evc lhal ,.llly ol lhL· ..td J¡o, 

paramcter est1rnat10n procedures st¡Jl in use would have been anywhcrc nc.11 ..~~ 

sensitive to the changmg structure of Philadelph1a over a penod of forty year., dunng 
the nmeteenth century. This certamly suggests a greJter degree of valtu1ty fot thl'..,c 
types ol caltbra t10n than we could ha ve expected 1 ro m JllY le~'> 1 otm.tl p.ti.Jillc te 1 
esttmatmg procedures. 
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Abstract 

Cal ibration of urban res ident ial models has long been an are<l of 

confus ;i..on and apprehens ion for prospective model users. Hith ¡-J¡c 

evolut ion of entropy maximizing model formulat ions there has be en ne•v 

progress rnade totoJard resolving the calibratbn problern., N-::>st of this 

progress has assumed the availabil ity of s patial interact :Lon data 

(i.e. the T .. rnatrix). Many situations arise '"here a singly constralned 
~J " 
\ 

modal is to be calihrated~ e.g. residential or retail location mocle]s, 

in the absence of this data. This paper describes a mctl1od \vhich has 

been successfully used for calibrating urban residential rnodels o·f 

that type. 
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INTRODUCfiON 

With the development of metropolitan residential location 

models via the entropy maximizing forros, a new era in the calibration 

of such models began. Prior to this development it was e: ifficul t even 

to locate the parameters in the model equations, much more, to develop 

procedures for their est imat ion. S ince th is deve1opment, \vh ile the 

parameter €stimation problem remains difficult, much progress has 

been made. 

A d ifficulty which has aris en is that there are many 

strategies and procedures for calibrating these mode1s, and it is 

not a1ways clear as to the way in which these relate, one to the other. 

Thus, this first section of'the paper is devuted toa brief discussion 

of sorne of the ways suggested as being useful in calibrating spatial 

interaction models. 
1 

11Spatial interaction model 11
, in this contcxt, means the 

singly constrained type model used as a location model. This is but 

one of a set of types of such models. A t one extreme is the uncons tra inecl 

model, of the form: 

T .. = k o. D . .Í (C .. ) 
~J ~ J ~J 

(1) 

\-lhere 

T .. = trips from zone i to zone j 
~J 

o. = trips originating at zone i 
~ 

D. = trips terminating at zone j 
J 

c .. = 11 cos t" of a trip between z.ones i and j 
l.J 

k = an empirically determined cons tant 

1 A more detai1ed survey of many of these may be found in (Batty and 
Mackie, 1972) and an evcn more complete discussion is given in ch. 6 Dnd 7 
of (Batty, 1976). Othcr rccent discussions may be found in (Baxter and 
Williams, 1975), (Openshaw, 1976), and (Hilliams, 1976). 



2 

Th is forro of model is intrins ically linear, and for usuld f onns o[! (C i} 
cnn 'be linear·i-zed; k can then be found by linear .rcgression t~chniqucs. 

At the other extreme is the .doubly constrained model of 

.the form: 

T .. = A.-B.o.nJ"(e. J 
1] 1 J 1 J 1] 

wherc there .are trip end constraints of the form,: 

1 ¡: '1' •• = o 
J lJ i 

and where 

tL: 
i j 

T •. 
l.J 

L D. 
j ] =T 

("' . L, 

(3 ,4) 

.(5) 

TI1e A. and B. which rep1ace the 1< of equation _(l) have the fonn: 
L J 

A = [L B.DJ(C .. )]-1 
i j J J 1J ( 6) 

B • = [~ A . O :f (e . . ) J -1 
J l '1 l 1J (.7) 

Beo-.~een the tHo extremes are ·two sing1y·constrained models. 

The production constrained mode1 is: 

T . • = A . O . D }:(e . . ) ( 8) 
1] 1 l J ' lJ 

s,~bject to 

L T .J = 0
1
. 

j 1 

thus yielding 

[
" (;7" ] -1 A.= L. DJ(e .. ). 

1 j J J.J 

The attraction constrained model 

-(9) 

(lO) 

is ~ 



T .. == B.O.DJ"(c .. ) 
l] J l J 1] 

subject to 

L T .. =D. 
i 1] J 

thus yield ing 

(11) 

(12) 

(13) 

None of these models have any parameters to estímate 

other than those which may appear in the :f(c . .) term. One of 1J 
simplest :f(C . . ) in common usage is: 1] 

:f(C . . ) -8C· · 
(14) 

= e 1J 
1] 

3 

thc 

Our specific concern here is with calibrating residentíal 

location models in the absence of interaction elata. Thus, \ve fonnulate 

the following simple location (attraction constrained) model: 

where 

N. 
1 

B. = L O e 1J [" -se. ·J 
J { i 

(15) 

-1 

(16) 

lf we use employment in zone j as a measure of D. and thc 
J 

the "attractiveness" of zone i as a measure of O., \-Je then gPt: 
1 

where 

N. 
1 

,.., 

Ni = estimated employed residents of zonc i 

W. = "attractiveness" of zone i 1 

Ej = employment in zone j 

{17) 



The question now arises as to ho\-1 we may estimntc the numerical 

value of the parameter 13. This requires first that a criterion be 

selected by which one may measure the ~'goodness -of ··fit11 of the model 

formulation to the data set being used for calibration. This criterion, C, 

will be a function of an observed variable and a set of f'S timat es of l"l1e 

variable. These estirnates are, in turn, a function of thc par:1m2ter 

value. Thus: 

"" C=.f(N.; N.; 13) 
1 l. 

(18) 

where 

Ni = observed ernployed res idents of zone i 

Two ge~eral stratcgies may be followed in determi.ning that 

value of S which optirnizes the criterion. The first of thesc, 

often followed in British practice, involves developing a set of 

equations using Langrangian multipliers and thcn partial dcri.va~ives 

which describe the criterion at its optimum. These equatlons are 

then solved simultaneously (usually by sorne iterative teclmique) for the 

value of 13 at the criterion's optimum. These equations <:n:c sOinctimes 

solved by search techniques, but the overall strategy remains unchangcd. 

The second strategy, with which we are concerned here, uses 

the derivative of the criterion with re~:;pect to the parameter ~ to 

guide a search technique for finding the optimum value of the criterion. 

If one is dealing with n model for which the derivnti.ves are readil}Y 

calculated, this calibration strategy seems to afford thc ndvantagcs 

of sirnplicity of approach and computational efficiency, evcn for problems 

involving the sirnultancous estirnation of as many as nine parameters (the 

larbcst sizc problem tested to date). 
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Further, it may be shown tha~ for situations where only'trip 

end (i. e. activity location) data are available, the_ first strategy 

is not practical. Strategy 011e typically uses the follm-11 ing 1 ike1 i-

hood function as a criterion. 

,.,here 

T .. 
L = TT TT P. . l.J 

i j l.J 

T .. 
l.J = observed interactions (e. g. trips) bet\veen zones 

i and j. 

and \·lhere 

w. S c .. 
J l.J 

P .. = 
l.J 2: wk 

S 
cik 

k· 

Strategy Two uses the fo11owing 1ike1ihood function as a 

criterion. 

N. 
L=TTP J 

j j 

where 

N. = observed activity 1evel in zone j. J 

and where 
A 

N. 
J 

P. =-
J L N. 

j J 

where 

A 

N. = estimated activity leve1 in zone j. J 

(19) 

~20) 

(21) 

(22) 



and, where 

"" N. 
J [ al w. c .. 

- ~ l. l.J 
-L. E. a 

i 1 t vJ. c .. 
• l. l.J 
l. -

In order to make the necessary calculations fe~sible~ in 

both cases the natural logarithm of the likelihood function is 

used. Thhs we have for Str&tegy One, the following· 

ln L = L L T • . ln P .. 
i j l.J l.J 

and, substituting from equation {20) 

6 

(23) 

(2l~) 

ln L = L L T .. [tln a: wk c~k)} + ln lv. + 13 ln c .. ] (25) 
i j l.J k l. J l.J 

By use of Lagrange multipliers to incorporate the necessary constraints 

and partial derivatives with respect to 13, the equations for the 

maximwn of ln L may be derived. This set of equations may -then be 

solved simultaneously for the maximizing value of 13. 

For Strategy T\-70 we may al so l;rrite the log-1 il<-el ihood fuuct ion, 

as follows 

ln L = L N. ln P. 
• J J 
J-

and, substituting from equat:i.on (22) 

1n L = L N. ln 
• J 
J 

A 
11. 

J 

"' /'. L. N. 
j J 

(26) 

(27) 



A 
Recalling the definition of N. in equation (23) it is clear that 

J 

7 

the fonn of this last equation makes it difficult (perhaps impossiblc) 

to derive the necessary equations for maxi.mizing ln L in a fashicn 

similar to that of Strategy One. Consequently in situations where 

only the trip end (e.g. activity locatio~) data are available, 

Strategy T\110 is the one to be follm-1ed 

Sqme explorations of the natur.e of the criterion functions 

and the shapes of response surfaces of criteria as functions of 

parameters has been done for Strategy One, and is described in the 

references cited above. This paper presents explorations into 

similar questions associated l-lith the second cal ibration strategy. 

We note that it has not yet been demonstrated that one \-lill obtain 

identical parameter values (for a given model and data set) by.either 

calibration strategy. This question is the subject of ongoing 

investigations. 

In the following pages we endeavor to present results of a 

2 
3tep-by-step exploration of the response surface for the R and 

the likelihood (L) criteria. Variations in this surface due to 

problem size,- problem data sets, and alternate model fonnulations 

are exaroined. In addition, the formulae are derived for· sorne of 

the partial derivatives necessary for gradient search of these 

surfaces. 
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The R
2 

Criterion Function: One Parameter Case 

We begin with an exploration of the characteristics of thc R2 

and VR2 
functions for a three zone test problem. 'The data for thc 

test problem '"ere as follows: 

Employment: Attractiveness: 

El - lOO wl = 3 

E2 = 150 w2 = 4 

E3 = 200 w3 = 5 

Cost Matrix: 

c11 = 1.5 c21 - 2.5 c31 = 4.0 

c21 = 2.5 c22 = 2.0 c23 = 3.5 

c31 = 3.0 c32 = 3.5 c33 = 1.5 

A value of -2.0 was assumed for S. 

Using these m,nnbers, a estímate of the resideuts in each 

zone was calculated per the standard equations, as follo\-ls: 

"" N. 
1 ¡\V • exp (f3 e . . ) ] 

" 1 1] 
=L. E 

j j L \<1 • exp (S e . . ) 
• l. 1J 
l. 

(28) 

The results of this were 
A. 

N1 = 110.8718 

"" N2 = 129.2546 

A. 

N3 = 209.8734 

It was necessary te keep this level of precision as thcsc valucs 
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A 
of N. wcrP, in turn uscd as the 11observ;ed" valucs of N. in the subsec¡uont 

l. l. 

'' 
gradicnt calculations. By so doing, the desired optimum of the function 

w-as known to be -2.00 exactly. 

The criterion measure used for these first tests was the norm.:llized 

sum of squared deviations, R
2

• 

The equation: 

[
t " 2] . (N. - N.) 

1.0 - l. l. l. 

t - 2 . (N. -N.) 
l. l. l. 

Where 
A 

N. = estimated residents of zone i. 
l. 

N. = observed residents of zone i. 
l. 

Ñ. =mean observed residents. 
J. 

In a11 subsequent discussion, the observed residents are the estimatcs 

(29) 

ca1culated above. That is, for a11 remaining calculations and discussions 

we use: 

Nl = 110.8718 

N2 = 129.2546 

N3 = 209.8734 

The gradient search technique of parameter estimation requircs that the 

derivatives of the criterion with respect to the parameter(s) of intercst be 

ca1cu1ated. 
2 

In this case the criterion is R and the paramcter of intcrest is 

13. Consequently we must be able to calculate the derivative of R
2 

vlltb 

respect to S at any point. This may be done by numerical appro:dn1ntion, 

i. e. make a small -change 
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2 
in a and calculate the resultant change in R • The derivatives may 

also be .calculated exactly by developing the equation for thc ueri-

vative. In general this procPdure will be computationally more 
? 

efíicient in cases where t:he relationship bct,.,.ecn R- and fl is very 

complex, but yields differentiable functions. 

The equation is developed as follows, for the gradicntJ '?, of R2• 

After a considerable number of steps, we get 

L (N. - Ñ:)
2 

• l. l. 
l. 

where 

L .. = w
1 

exp(S c. ) 
l.J l.J 

M. = L :L . . = -L w . exp (S e . . ) 
J i l.J i l. l.J 

We ·may thus calcula te R2 , VR2, and the N. for various valuco> of 
l. 

.a. The results, for a few selected ·values of .S are: 

(30) 

(31) 

,(33) 
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p R2 VR
2 "' .1\ ,, 

N N2 NJ 1 ------ ---~ 

0.00 0.83167 -0.40718 ll2 .·500 150.000 18,7. 500 

-0.40 0.95214 -0.15049 103.589 142.536 203.H75 

-0.80 0.97252 -0.00502 100.791 134.328 21/f. 881 

-1.00 0.97!f55 -0.01882 101. 560 131.559 216.881 

-1.40 o. 98)85 -0.03818 105.254 128.898 215.8!,8 

-l. 80 0.99874 -0.01319 109.279 128.788 211.932 
~ 

-2.00 1 1.00000 -0 •. ooooo 110.872 129.25.) 209.873 

-2~40 0.99665 -1{).01405 112.913 130.718 206.369 

-2 •• 80 0.99031 +0.01655 ll3. 56 7 132.537 203.897' 

-3.00 0.98701 +0.01635 113.492 133.500 203. 00<:\ 

-4.00 0.97053 +0.01761 111.013 138.224 200.763 

Thus "'e see that there is a perfect n.Z at a f3 of -2.00,', Hhich \Je 

would cxpect as our 11 observed 11 values of N. uere obtnined by use 
l. 

of á -2.00 va1uc for 8. Further we see that the grad:i.ent, 'VR
2 

is 

negative fbr B va1ues greatcr than -2.00, and positive for f3 val-

u.::s less than -2.00, thus suggesting '"hich uay to chanr;e B fro¡n 

any'po5nt, in arder to improve the R
2 

value. 
2 

A graph of TI. Dnd 

2 VR versus B is given. in Figu~e 1. 



1
2

 

--- ___ (--
___.. 

c___---~----------=·~--·-cc: 
-1 

:: 
/ 

r-----------
t 

) 
-
-
-
-
-
-

_
L

 -
-
-
-
-
-
-
-
-
-
-
-

__.---
-
-
-
-
-

1 
---

• 
1 

1
-
-
-
-
-
-
-
'-

1 
-
-
-
-
-

------------
--

--------

---
----

---
_.,.,--

·-­
---

----
--·----

, , .. ') ... t··· 4....) 
• I .. 

(
)
 1

' 1 
-

<
.•) 

,",) 

,:--,.,!., 1 
' ·, 

--~) 

(
')

 

;\)
 

1 

:-J 

1
() 

1 

(í>
 

1 

J 
,_r 
---



13 

An immediately obvious problem appears from Figure l. lf th~ 

gradient search procedure had been initiated with a value of R greater 

2 
than O. 4 (approximately), the value of yR would have been pos ítive and the 

search routine would have yielded a parameter estímate of l. 6 (approximatdy) 

for 8· Thís was a disturbing result, ameleorated only partly by the sug-

gestion that all search procedures use starting Fl values lcss than zcro. 

The desire to know more about these functions led to the series of cxper-

iments which follm.,rs. 

In the follm.,ring experiments we explore the different &hapes of 

c.ri ter ion funct ion and its grad ient resul t ing from varia t ions in: 

a) 2 
the criterion itself, e.g. R or Likelihood 

b) the data set 

e) the number of observations (zones) in the data set 

d) the functional forro of the mod el with respect to the travel 

function and the attractiveness measure 

Our particular concerns are: 

a) Is the criterion function unimodal or multimodal in 

the region of inte~est? 

b) How steep or shallow is the function near its optimum? 

e) How do the ansl-lers to the above affect calibration 

procedures and strategies for their use? 

Three Zone Test Problem- R
2 

Criterion: One Parameter Case 

After gettitÍ.g the results obtained and shmvn in Figure 1 for the 

three zone problem described above, several variations were tried. The 

original cost matrix was asynunetric. New runs \-lere made using a symmetric 

cost matrix. New runs were also made with equal values of attractivcucss 



for all zones. The resul ts of these tests are shown in Figures 2 and 3. 

Note that in all-these tests the "observed" values of rcsi.dcnts in cac11 

zone is the exact value which is yielded by the model equation \Jlth D 

valuc of -2.00 for 13. By so doing \.Je always knmo1 whcre thc optiMHn of the 

criterion functl.on should occur and thus are able to compare the va!·ious 

tests. 

The results evident from these first tests,, for thrce zones, arl': 

1) that changes in the data set have significant effects on the 

2 
shape of the R curve; 

2) that the R
2 

criterion funct:ion is somet:i.rnes bimodal, but nevcr 

in the regiou of interest where 13 is less than zPro; and 

3) that the optimum is not very sharply defined, particularly on 

the left or 11more negative11 13 value side of the curve. 

2 
Nine Zone Test Problem - R Criterion 

To examine how the above results might change with an incr~ase in the 

number of zones, the following nine zone problem was created: 

Nine Zone Test Prob]em 

Employment: Attractiveness: 

El = lOO wl = 3 

E = 50 w2 = 4 2 
E3 = 25 w3 = 5 

E4 = o w4 = 8 

Es = 25 ws = 6 

E6 = 75 '.¡ 
6 

4 
E = 200 w = 2 

7 7 
E e = 250 w = 

8 
1 

E9 = 500 w = 2 
9 
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Cost Matrix 

1 2 3 4 5 6 7 8 9 

1 1.5 2.5 3.5 4.5 4.0 4.0 4.0 2.0 2.0 

2 2.5 l. O 1.5 2.0 l. S 3.0 3.5 3.0 2.5 

3 3.5 l. S l. O 3.0 l. O 3.5 4.0 4.0 3.0 

4 4.5 2.0 3.0 l. O 1.0 1.5 3.5 3.5 2.0 

5 4.0 1.5 l. O l. O l. O l. S 3.5 3.5 2.0 

6 4.0 3.01 3.5 1.5 1.5 1.5 2.0 2.5 2.5 

7 4.0 3.5 4.0 3.5 3.5 2:0 2.0 2.0 2.5 

8 2.0 3.0 4.0 3.5 3.5 2.5 2.0 2.0 2.5 
1 

9 2.0 2.5 3.0 2.0 2.0 2.5 2.5 2.5 2.5 

2 2 
Again, the R cr iterion and <7R were calculated and graphed. Notl' 

a1so that the nine zone data were used Hith a B = -2.00 to generate tl1e 

"observed" data. ThWLS, a perfect "fit11 will be found for R =- -2.00, nnd 

2 2 
we there expect: R = l. 00 and vR = O .00 as per the previous example. 

For this case, two runs were made, both using the syrrunetric cost 

matrix. In the second case, however, the attractiveness índices \vere 

set equal to 4.0 in all nine .zones. The t\w graphs are sltown in Figures 

4 and S. 

A welcome result here is that the R
2 

function now seems to be unirnodéJ1. 

It is also encouraging to note that the sharpness of the optimum is much 

increased. The peak is still sharper to the right of the optimum thnn 

to the left. Aga in, the different data sets do shm.¡ d ifferent curve>s, 

though they are much closer in shape than wer~ the various three zone test~. 
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We next move toa twenty-five zone prob1em. In this case, tbe-data 

were as fo11ows: 

Twenty-Five Zone Test Problem 

Emp1oyment: Attractiveness: Employmenc: Altr¿tcti.venc~s: 

E = 25 wl = 5 E14 = 150 H t 1 
1 1 ¡ 

B2 = 25 w2 = 5 E15 = 75 0
15 

3 

E3 = 50 w = 5 El6 = 100 \.J J 
3 1h 

E· = 25 w4 = 5 El7 = 200 H 2 
4 17 

Es = 25 ws = 5 E18 = 300 \·] 1 
13 

E6 = 75 w = 4 E19 = lOO ul9 !¡ 
6 

E7 = so w = 4 E20 = 50 w2o l¡ 

7 

Ea = lOO wa = 4 E21 = 150 \.,121 3 

E9 = 75 wg = 3 E22 = 150 H:22 " .) 

E
10

= 50 w = 4 E23 = 75 H23 4 
10 

E
11 

= 75 w = 2 E24 = 75' H,l !, 
11 2 f 

E12= 250 w = 2 E25 = 50 H 4 
12 25 

E
13

= 400 w = 
13 

1 
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The cost matrix is shm.Jn on the next page. 

Again, the value of R
2 

and \ 7 R
2 

were plotted against the value of S. 

Also, as before, the optimum value of S is at -2.00, the value used to 

generate the "observed" data. Finally, there ,.,.,ere again t\.;o runs, une 

for the W. values shown above, and the second with a value of 4.0 for 
~ 

all the H.'. 
~ 

The plots of these two runs are shown in Figures 6 and 7. He uote 

here that t~e R
2 

curve shows signs of levelling off, an um.,.,•?lcome rcsult 

that suggests that calibration of such a model might become ted ious 2s 

a search for an optimum along such a smooth curve vould procéed rathcr 

slowly. 

A positive result here is that the diffcrences b~twecn thc R
2 

. 
curves for the equal W. and unequal \i'. curves are rather miminimal. 

~ ~ 

This suggests that data set differences would not seriously affect tl1c 

calibration procedure though they will, of course, give different 

optúnal values of B. 

At this point, however, it becomes desirable to investigate thc 

possibility of using a different criterion function. 

The Likel iJ10od Criterion Function: One Parameter Case 

An alternative criterion (actually in most cases a preferable oné) 

is the 1 ikel ihood funct ion. Th is funct ion has the form: 

where, again 
,.. 
N.= the estimated number of households locating in :wne i 
~ 

N = the observed number of households in zone ·i 
i 

Due to the difficulty of dealing with the product function ·c.rD, it is 
i 
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convenient to proceed in tenns of the logarithm of the 1 ikel ilwoJ 

fut1ction. Thus 

lnL 1:::1 ~ Ni 1 n i i 
i 

We rnay now construct a likelihood criterion function such that for a 

perfect fit between observed and estimated ~ve get L = O. He redefine 

L such that 

/\. 

L = L N. ln N. 
i 

~ -~ 
L N. ln N. 
i ~ ~ 

25 

(:.16) 

(3 7) 

The problem then is to maxirnize the value of- L (uhich Hill havc its 

maxirnum at C = 0.0). As was the case for R
2

, this involves taking the 

derivative of the criterion function with respect to 8. 

= a~ (a'Ni) 
oNi as 

(:: 8) 

(39) 

Referring back to equation (32), we see that the partial derivative of l~i 

with respect to S is al ready ~.¡orked out. Thus, we have for the grad icnt 

of the log likelihood criterion the following: 

(N.) [ (E. L. •) ( 
'ilL = ~ N~ ; JM.~J cij 

~ J 

(L¡Q) 

In this series of plots, we observe the decreasing effect of the v.::1lues ol 

') 

the data set with increas ing numbers of zones, as \ve observed us iné: tite. R 

criterion. In addition, we observe, if we notice the val u es on thc Like1 iltur,J) 

Gradient axes .of the plots, that the curve becomes much more stceply pc·o:kcd 

for the 9 and 25 zone examples. While this is not so obvious in Figures 8 

through 13, Figure 14 may help to display this phenomenon. In Figt1rc lL<, 
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J3 

the L function is plotted for all three ,test problcms (thrcl.! ::onc·, 

nine zone, and tHenty-five zone, all llith unequal \-.1i) uith tll<' srun,, likL~J J.ltü, 

axis scaling. Here we see the rather spread-out peak of thc 3 ::onc 

1 problcm and the rnuch sharper peaks of the 9 zone and 25 ~onc problcm.:;. 

Note that the latter two peaks overlap, rather than ti) e 25 zo¡w p<'élk be in 

entirely within the 9 zone peak as expected. This rnay wcll be duc to tilo 

data base differences in the two problerns. The result doc::: su:~:~L·st Lh.:tt 

the peak of the likelihood fm1ction becornes very sharp even Ior 9 c.onc~;:. 

but that it does not get much "sharper" as the number of zoncs :incn~ 1sc:, 

beyond that, It would have been interesting to seé what Hotllu rt~sult 

from a lOO zone problero but it was decided to move on to the sumci!]Jat 

more interesting two and ·three pararneter problems ·rather than continulng 

with the one parameter exarople. 

It is possible to dralv the following concluslons at this poi.nt jn 

the investigation: 

1) Different data sets yield different shapes of criterion .:1nd 

gradient fWlctions. 

2) These differences become less significant as the nun1bcr o.f zoncs 

increase and are probably of no consequence at the ntm1bers of 

zones used for actual applications of the model. 

3) The steepness of the fm1ction near its optimwn is ve:ry much 

greater for the likelihood criterion than for the 1~2 crit:cr .i..on, 

confirming the appropriateness of the use of 1 ikcl il10od for 

calibration applications. 



The Likclihood Criterion Function: 11w Parametcr Case 

Thc distance or travel function used throughout thc c>:é.l.:r:plcs ~i.vcn 

above was a simple declining exponential function 

Y (C . .) = exp(J3C .• ) 
l.J l.J 

A function lvhich has been found to yield bettcr data [its for "l."C'sillC'nt~i:a 

location models is the two parameter Tanner function 

1'(c .. ) =e!. .exp(ec .. ) 
l.J 1j l.J 

Substituting this function into equation (28), ¡.¡e get 

" N. =LE. 
1 j J [ 

Ol J W .C .. exp(~C .. ) 
l. l.J l.J 

r.w .e~ .exp (f3e .. ) 
• l. l.J l.J 
l. 

(:¡.3) 

This, of course, means that equation (40) for VL l-lill be changed ns ,,.,_, 

no\-7 require partial. derivatives of L \vith respect to a and Hith rcspect 

to 13. We confine further discussion to the likelihood critcrlon, ;:-.¡,el 

derive thc necessary derivatives. 

To siroplify what follol..rs, let 

B. = LC~~exp(l3e.k) 
1 k l."" l. 

'l'hen 

N. = LT. [e~ .exp(f3C .. ) B:
1J 

J i l. l.J l.J l. 
(ir5) 

Now, we bcgin taking derivatives 1 first recalling that 

C'( 

o(c .. > 01 
-~1_J_ = e. . lnC .. ocr l.J l.J 

o (cxp(I3C .. )) 
----

1
...;;];.._ = c .. cxp(l3e .. ) 

oS l.J l.J 
( 'il) 



Now, by the chain rule for derivatives 

oN. 
A [ _J = L:T·. e~. 

00' i 1 1] 

d -1 

exp(I3C .. ) ( ~)+ B-l 
1] dO' ( 

o (e~. exp (Be . .) ) ) J-1J l..J 

oCY 

Continuing to expand and to take derivatives, 

= LT. [-n~2 [t (c~k 1exp(SC.k) l ln c.k >] e~. cYp(8e .. ) + 
i l. 1 k l. l l. l. J.j l.j ' 

(e~. 1exp(Sc .. )} ln c .. ) B:::..] 
1] l 1] l.J l. 

=L:T. c0:.{exp(Se .. )} B:
1 

[lnC .. -L:(c~1 {cxp(Re. 1 )} 
. i l. l.J l.J l. l.J k l. ( 1. • 

= L T .. [1n c .. -·L: (c~k { exp(SC.k)} ln C
1
.k) B-

1
.
1

] 
i l.J l.J k l. . l. 

We next ca1culate the derivative with respect to S. 

A 

cm. [ 
_2 = L: T.. c .. - L. c~k { exp(Sc.k) } as i l.J l.J k 1 1 

-1] cik Bi 

= r. T .. [e .. - L. c~+kl { exp(SC
1
. 1)} 

i l.J l.J k l. • 
-1 J B. 
l. 

{r 
.J .J 

(: :; ) 

c:;o) 

(:_;1) 

Finally, we may write the derivatives of the critcrion Hith respect tn 

each parameter. 



Referring to equation (U), l·7e ha•Je 

and 

oL oL (oÑ.) 
; = oN. oS l. 

J. 

so:- by substif:ution from equations (39), (51), and (54) 

óL _ (Ni) (oNi) ---I:- --
~ A "' oct i N. 1 uot 

l. 

(
N ) [ -1 J i ~· ' '\' (i -1 =L _ t..T .. [ln c .. -t..(c.kJexp(Sc. 1)lln c. 1 )B. j 
A • l.J lJ ]. · l ]. ~ f J. o:, ~ 

i N. 1. k 
l. 

and, again by substitution from equation~ (39), (53), and (55) 

oL _ (Ni) ( oÑi) --t- -A . 

oS i N. oS 
l. 

= t(Ni) [r T .. [c .. 
i 'N i l.J l.J 

i 

- L c~ct+l) { exp (S eJ._ k) l 
k l.k 

3G 

( r:r) 
_.)_) 

(57) 

('j8) 

(SS/) 

Holding these calculations in abeyance, we may do sane e-:ploration~. 

of the shape of the likelihood function surfacc using thc Tanncr functjL•.l 

in pluce of the simple dccl ining exponcntial function. Fil:st, us i.n~ t11c· 

same nine zonc problem from before, '"e assign the values CY == 2.0, S =-1.~ 

and calculate a nc'" set of N. which \ve knotv ~vill fit thc modcl ¡wrfc..:d ly 
l. 

at the givcn paramcter values. Next \ve plot thc values of tltc lo,·. }JI-e!,¡,"' 

function against val.ues of the parameters to get an imprcssion of th<' :.1!.·¡>(' 

of the surface. 



In Figure 15 is a plot of L vs. 13 for specified values of u. JI, -, 

we see a series of relatively sharp peaks whose optima are not ',t¡·jkJu·.!y 

different. These optima in the L vs. S function are clearly sh i.ftccl 

about by changes in the value of 0'. That each curve is rather l:il.;c tJ¡c· 

next suggests that we are dealing with a narrou ridgc as thc s]¡,l¡><' oi 

the L surface. 

In Figure 16 is a plot of L vs. O' for specified values oi [-'.. 'liti~; 

plot is some.Hhat less clear than the previous one. What \.'e havt: -¡ s, 

again, a series of peaks, this time rnuch less sharp and grcatly ~;J¡j fLl 

about by changes in 13. Thus we & e e only the 1 eft hand port ion o f ti 1(::' 

peaks where 13 = -3.0, -2.5, -2.0, and -1.5, whilc we sce only Lhc 

right hand portions \vhere S = -1.0, -0.5, and zero. \-nlile thb coJtfw:c·.· 

the picture a bit, it is quite clear that the values of a aml ~ ::tr1· 

interrelated. Additionally it seems that Hithin a modETate raJtgc ,,f 

the pcrfcct fit parameters, while variation either in (\' or S \llll n.'.tl L L 

in a variation in the other in detennining the function 1 s optill\um, t]!, 

actual value of the opt:i.mtnn (in tenns of L) is not very diffcrcnt:. 

All this may be made more understandable by refercnce to 1-'i¡:u 1:e li 

where a con tour plot of the L surface in tenns of a and 13 is givcn. llc 1.·c 

the curves shown in Figure 15 are cross-sectional sliccs throu!_',ll tl1c ::u~·J 

at fixed values of S. Thus it is readily seen that wc are dcaling, j" 

t~e case of the Tanner function, with a rather long and narroH dd;~c '-··• j ·..:l1 

sl~pes very gently along its long axis, and rather sharply acro~:s it:; 

short axis. As a consequence of knowing the shape of this surf.tcc \" 
'l 

1" 

clearly demonstrate the considerable relationship bctwccm tltc• t\JO 

pa~runcters of the Tanner ftmction. From one given value of u to ;•.n.;t lt• .·, 

thc likclihood max:i.mizing value of S changes substautl.ally. ~.JJ¡ LJ t· t:l~< 

chfllge is less in a from one given value of S to anothcr, it i:; ·.ti-'- l 
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significant. Frrnn this we draw two conclusions before procc'cdju:;. 

First, any calibration of a model using the Tanner function must jnvolve 

simultaneous estimation of et and 13; Second, a simultancous sean:l1 tcch-

nique such as gradient search will be more efficient than ~ sequl'lltial 

search procedure in finding the optimal values of et and S. 

The Likelihood Criterion Function: Three Parameter Case. 

In the.,prior discussion, the attractivcness measurC' \-! ha~; h\'lll 
1 i 

used with 1.0 as an implicit exponen t. Recent work \vith res idcul 1.11 

location models (Putman, 1977) suggests that it may be useful t--_. 

consider the exponent of W. as a parameter to be es Uméltcd cmpj r icn11 y. 
l. 

Further, W. may itself be a multivariate function with severa] parnmcters 
l. 

to be estimated. The question to be asked here is to vJl1at extc·nt \Jill 

the introduction of additional parameters will alter the shape of tl1c' 

criterion surface? 

To investigate this question the equation for estimating zona] 

residents was altered by the addition of a parametric exponent to tltc 

attractiveness measure. Thus equation (43) becomes 

,.. w~ 
LE. [ 

l. 
N. = 

w~ l. j J L 
i 

l. 

~. 
l.J 

Ci c .. 
l.J 

exp(~ e .. )] lJ 

exp(n e .. ) r lJ 

(60) 

The "observed" values of res idents in· zone i were then calculated us J.ng 

equation (60) with ó = O.S, 3.0, and -3.0 and with Ci = 2.0 and S = -].S 

in all cases. Then a series of plots were drawn, analognus to Figures J5 

and 16. In Figure 18 is shown the L vs. 13 curves foro = 0.5 and SpL·cifjt!d 

values of Ci, This figure does not differ markedly from Fi¿:urc 15. 
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similarly, Figure 19 shows L vs. a curves for 6 = 0.5 and specified 

values of S. This figure is similar to Figure 16. Then for ó values 

of 3.0 and -3.0 the same plots are repeated in Figures 20 to 23. From 

all these it may be seen that add ing the ó parameter to the moclel do('~ 

shift the optimal values of 0t and R, but does not alter the g(·ner<l] 

shapes of the resporse surfaces between ln L and. N and between Jn L 

and A. 

The ne~t question is what shape response surface exists bC't\Jl'c·n 

ln L and ó for various values of ~ and 8. In Figure 24 we plot ln L 

vs. ó for a fixed value of 8 = -1.5 and specified values of N. We 

have what appears to be another long sharp ridge on the surface. ln 

Figure 25 we plot ln L vs. ó for 0t = 2.0 and specified values of R. 

In Figure 26 we plot the ln L surface in tenns of B vs. ó, and in 

Figure 27 the ln L surface in terms of ct vs. ó. In both cases the 

abovementioned ridges may be clearly seen. 

Having done these explorations of the shape 'of the ln L surfacC', 

we may return to the question of gradjent search determination of be::,L 

fit parameters. 

In adding the additional parameter ó to the model we must <.~dd au 

additional derivative calculation to get the parti~l derivative of lu L 

with respect to ó. Without going through all the steps, it is clear 

that this derivative will be of the same form as the one for Cl 

(equation 51). So ·we may write 

Cl~. 
J 

f\6 
" [ ( Ot . =t.T .. lnW. -L c.ktexp(BC .)} 
i 1J 1 k 1 1J 

(G 1) 
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Again, referring to equation (11) wc get 

( G2) 

and, substituting from equations (39), (61), and (62) 

riL = ¿: (~i )[¿ 
f\ó . N . 

l i l 

T .. [1n w. - r (c~k iexp(Sc.
1 

>} 1n \.J.) n~in 
lJ l k l l l< l l JJ 

The partia1 derivative equations of ln L \vith respect to rY dJtd to · 

remain the same as for the two parameter case. Further, it •,lll>u)d Le· 

c1ear that if the mode1 were extended to include a multivane~tv .Jll féJCt:Jv.: 
' 

ness measure with more than one parameter, further partial dPrL\.:ltJ~0 

ca1cu1ations wou1d be necessary. 

It is a rather straightforward matter todo a gradicnt s..:<.trch ün 

the nine zone test prob1em data. The known optimum is at r1 = 2.00, 

B = 1.50, and ó = 0.50. Severa1 searches were run each from a el ¡f¡·c'' 1·t 

starting point. Searches initiated at different starting pcnnt:> tvc·k 

different numbers of steps to reach the optimum. One samp1l' •;e<Hch i :; 

shown be1ow for a starting point of ~ = 2.5, R -3. O , a nd {; o= -1 . 5. 

Iteration Criterion rt 13 

1 -671.4975 2.5000 -3.0000 -1.5000 
2 -10.4296 2.8776 -2.0269 0.')¿6!~ 

3 -o. 4113 2.9639 -1.8154 0.48Jb 
4 -0.1367 2.9351 -1.8688 0.5242 
5 -o .1330 2. 9220 -1.8604 0.52.48 
6 -o .uos 2.9116 -1.8595 0.522) 
7 -o .1289 2.9094 -1.8583 0.523o 
8 -0.1269 2.8975 -1.8542 0.52L,1, 
9 -o .1042 2.8159 -1.8210 0.5211 

lO -0.0009 2.0125 -1.5025 o. /¡99 .\ 



• 

The parameters could have been pushed closer to their knmm opt 1:<1al 

values by further iterations of the search procedure, but the ~bovc 

ten iterations suffice for illustratjon. 

CONCLUSIONS 

r 1 
_1'! 

Various conclusions have been stated throughout thc paper, .md 1 .tv,· 

_!n sorne piac.es guided the direction of th2 research. Tak~n all-in·;.J!, 

we have the fo1lcwing: 

l. 
\ 

In the abscnce of spatial interaction data it is dj fficuJ t: 

(if not impossible) to calibrate singly constraincd spatJ.JJ 

interaction models by the procedures found in thc curr.:>nt 

literature. 

2. A procedure is suggested fo¡- use in such cases nncl lS che r, 

examined in various ways. The procedure involv(>S se] cctLn· 

a criterion function and then using the equations for tht 

partial derivative(s) of the criterion with rcspcct to Ll•,' 

parametér(s) to guide a search for the best fit pa1·amvt:cJ 

values. 

3. The investigation was begun using R
2 

as the critcrion .1ncl :, 

three zone' one parameter sample problem. It \J:lS found thd ¡-

differences in the data set produced substantial diffcrenc(•-, 

in the shape of the criterion and gradient functions. 

4. The investigation shifted toa nine zone, one par.:~meter, 

sample problem. It was found that the differcnccs in :.h 1 1 ... , 

of criterion and gradient functions due to diffcrcncc:-, in (',il .1 

sets, were reduced. The R
2 

criter.ion \vas fouud to ~(: ve1·; 1 ; ! ' 

in the region of its opr.imum thu3 suggE:stjng tlw d('~E-lbJl .. 

of find~ng a different criterion. 



5. The procedure was repeated for a twenty-fivc ZOih', cm<· P-'1· 

problem, yielding similar results. 

6. Using a likelihood criterion, the three, nine, and t\."t:nty-five 

zone, one parameter problems were rerun. At thc ninc ami t,JLJJty­

five zone levels the likelihood criterion showed a mucl1 sh,l• l''·¡· 

peak near the optimum than d id the R
2 

cri ter ion. Thc l i k e J ,J¡L,,,J 

criterion was, therefore, adopted for futher invcstigcll J(,Jt. 

7. As both the nine and twenty-five zone problems had y i ,·J d L 
1 

similar results, for economy's sake the remaindcr of LIJl! 

investigation was performed at the nine zone lcvd. 

8. A n1ne zone, two parameter, sample problc'Tll Has dev<'lüpl·d. " 

strong correlation between the two parameters \vas found. el' 

surface was d rawn in several ways and found to be uniu.t .l.t 1 • 

9. A nine zone, three pararneter sarnple problem 'vas develo¡•L:d. 

Correlat ions were found to exis t between all thrce pa r:·mc L •· 

and the surface was drawn in severa! \vays. It appc._.nJ [!¡·.·· r .~ 

that the likelihood surface is unimodal, though scnrc!J <lV• e iltJ 

surface will be complicated by the existence of ridges L(·l-\'c'( 1 

parameters. 

10. A sarnple trace of a gradient search over the ninc-zone, Lln-., 

pararneter likelihood surface was presented. It Has found Ll•.< 

the nurnber of search iterations could vary considertlbly d( :" 1'': ing 

upon the choice of starting points. Further, giveu tltL in1 

relatedness of the pararneters it became quite obv1ol's ti. 11 

would always be necessary to estímate their valucs s iJo~.ll' 111,. u·_J. 

rather than individually (as was often thc casl' il' p.:1st 1, ltti e~·.,· 

rnodels practice). 



,,, 

This concludes Part 1 of this 2 part paper on calibrat:Lon o1 \lri• .. 11 

resjdential models. In Part 2 we present the empirical results of ,1, 1 h 111 •• 

thcse mcthods to data sets from more than twenty North i\mcric¡,n e 1 t ~ ¡_·,. 
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Se pueden identificar 6 pasos para deoarrollar cualqui~r 

BANCO VE VATOS. 

Paso 1 VETERMI~ACTON VEL AREA VE ESTUVIO. 
El paso inicial consiste en encuadrar el area bajo estudio. 

Este encuadramiento puede establecerse de dlferentes manera~, pero 

usualmente se determ~na por condicione~ geográficas o mediante las 
1 

jurisdi~ciones pol!ttco"adm!nistrativas. 

Paso 2 VETERMINACION VE LOS USOS VEL SUELO. 
La identificaci6n de los usos del suelo que ser~n conDider~ 

\ 

dos en el proyecto puede lograrse mediante la lnteAacciSn l~teAdi6 
cLpllnakia de peAaona~ Ln6oAmadaa en el eatado actual y laa pote~ 
c~~lldadea del dAea o Aeg~6n bajo eatudlo. La definici6n de estos 

usos del suele constituye la base para seleccionar la lista Ge va 

riables y subvariebles. 

Paso 3 VETERMINACTON VE LA LISTA VE VATOS. 
1 ,, 

.En este paso se realiza la lista de los datos que e~tar&n 

contenfdos en el BANCO. Debe procurarse que los datos sean. de la 

misma escala, exactitud y .tiempo.No exlate una llata·tlpo que ~lA 
va paAa cuatquleA aAea. Los datos pueden obtenerse a partir de ~a 

interpretaci6n de fotografias aereas o de satélite, utilización · 
1 

de mapas de levantamiento geográfico, investigación de campo y con 

sultas con dependencias federales o estatales. 

Paso 4• VETERMINACION VEL TAMANO VE LA CELULA. 
El tamaño de la célula, es decir,· la unidad bllsica para el 

análisis espacial, depende de los siguientes factores• . 
a.-) Exactitud y tipo de los datos disponibles. .. 
b.-) Prop6sito para el cual van a usarse los datos. 

c.-) Tamaño del area de estudio. 

d.-} Limitaciones en los recursos para codificar la información. 

El.. tamaño ~e ta célula. debe pe!tmanece:t con.&ta;1te e.n ..toda e.l 

d~ea de e~tud~o du~ante el phoeeJo. (veA 61guAa. 1T 
Paso 5 COVTFTCACTON VE LOS VATOS. 

Este paso consiste en organizar los datos disponible~ en un 

formato compatible con la computadora. El programa limita el nGme­

ro de variables a 50 y el de subvariables a 10, numerando estas del 

O al 9. Una tarjet~ de cualquier archivo espec!fico representa un 

rengl6n de datos ~n el mapa fuentor cada columna en ln tarjeta re-



presenta una célula en el mapa. Si se necesitan mao de 80 col~mnas 

puede perforarse una segunda tnrjet~ por rengl6n. Los datos pueden 

ser codificados como: 

a.-) Datos de punto (vgr. una cascada, un pozo €te.) 

b.-J Porcentaje de la célula con una acti~idad determinad&. 

c.-) Tipo p¿edominante de uso del suelo. 
'-

d.-} Datos de linea (vgr. una carretera, u~ rio etc.) 

La codificacion del contorno debe realizarse especificAndo 

las front~ras de este, en formato (3I5), dando en el primer campo 

el ~Gmero de renglones que tienen el m~smo formato y en los dos ~ 

restantes el desfasamiento en ambos lados del area.de estudi~. 

Paso 6 TRANSFERIR LOS VATOS A LA COMPUTADORA. 
La forma usual de proporcionar los datos a la compctadora 

es mediante tarjetas perforadas cuyo contenido es guardado en cin 

tas o discos magnéticos para su po~terior utilización ~n los 

MOVELOS, este paso se realiza utilizando el programa ARCHIVOS/1M 
GRIV,el 'cual es preparado como se indica en la figura ~. 

Paso 7 MAPEAR EL BANCO VE VATOS. 
Esto es realizado mediante la utilización del programa -­

MAPAS/TMGRIV, cuya descripción es proporcionada en el cap!t~lo VI. 

Una vez impresos, revisados y corregidos los mupas es posl 

ble pasar a la siguiente etapa .,9,.el proceso en TMGRTV. 

Figu~a 1. Ejemplo de ~et!~uea Joé4c mapa ba~e. 
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En esta fase del proceso con el paquete 1MGR1V debe usted 

establecer una definici6n detallada de los c~l~e~lo& de at~actl­

vLdad, pa~~ cada u~o del &uelo (actLvldadl que &e deAea Localiza~ 
dent~o del a~ea de e~tudlo. 

El programa ATRACTIVO/IMGRTV, facilita la evaluaci6n de un 

mgximo de hasta 20 modelos de atractividad en cada co~rida. 
~ 

Se recomienda al usuario seguir secuencialmente la lista 

de pasos descrita a continwación: 

Paso. VEFl~JR EL.PROPOSlTO VE LOS MOVELOS. 
En primer lugar se debe obtene! una lista especificando cua 

les son las actividades o usos del suelo que se desean obtener lo-" . 
~alizadas en los lugares con mayor at~actlvldad dentro del area de 

estudio. 

Paso 2 DETERMINAR LAS VARIABLES RELEVANTES EN.LOS MODELOS. 
Para cada una de las actividades definidas en el paso ante­

rior, se ~eben identificar, de las variables contenidas en el ban­

co de datos, cuales son las que representan los 6acto~e~ pa~a urta 
locallzacl6n adecuada , a pa~tlk de lo6 ~eque~lmlentoJ e~pecl6icoa 

rl í'. f r1 A rt r t i 11 i r{ rt rl fJ A rHt r1 P 1 p rH 1 rt ll fil. H t tht 1111!1 li Id. t ti-! • 

El p~og~ama ATRACTIVO/IMGRTO pe~mlte analiza~ haAta un m~­

xlmo de 10 va~lable~ o 6acto~e~ de locallzacldn, en cada modelo. 
Paso 3 PONDERAR LAS VARIABLES RELEVANTES. 

r 

En este paso se debe distinguir ent~e las variables conside 

radas aquellas que tengan mayor importancia en la !ocalizaclón de 

la actividad para la cual fue creado el modelo. El pY.ograma ATRAC­
T1V0/1MGR1V reconoce una jerarquia de 3 niveles para asignar prio­

ridad a ciertos factores de localización sobre otrosQ de acuerdo a 

la siguiente escala: 1 meno6 impoktante 

2 lmpoJt.:tante 

3 muy ..i.mpo~tante 

Paso 4 VTSTYNGUIR LAS SUBVARTABLES IMPORTANTES. 
En este momento d?.be usted aslgnar un número del O al 9 a las 

subvariables que componen loa factores de localización que intervie­

nen en el modelo designando con esto mayo~ p~e6eJtencia a clehta~ ~ub 

va1Llable.6 en funci6n de los requerimJentos espec!flcos corashiersdos 

para cada una de las actividades que se pretenden localizar dentro= 

del area de estu~io. 



Paso 5 LLENAR LAS HOJAS VE COVTFTCACTON Y PERFORAR SUS TARJETAS. 

En la u figuras 4 y. 5 se explican tanto el orden, corno los 

formatos en los que debe usted perforar sus tarjetas, a~egu~e~e 

mlnuclo&amente de cumpll~ con lo eApecl6icado en dicha~ 6lgu~a~ 

pcur.a evl:ta!r.. una. ~ o!r..p!r.e.6 a de~ ag!r..adable poJt una coJtJr..ida 6Jtu6tíutda, 
u Jtecue!r..de que fa~ p!r..ueba6 de e.6e!r..l:to!r..la le ahot!r..an un vattoAo 
.t-1:empo de má.q ulna. 
Paso 6 ALIMENTAR SUS TARJETAS PERFORADAS EN LA COMPUTADORA. 

Una vez que ha verificado el orden y los campos en los 

que perforó ~u paquete de tarjetas deberá proceder a que este 

sea leido y procesado por la computadora mediante el programa 

ATRACTTVO/TMGRTV .Este se encarga de analizar cada una de las 

c6lulas del area en estudio y deterrnin' de acuerdo a los crite 

rios de at!r..actlvldad proporcionados, si esa célula cuenta con 

los atributos necesarios para una buena localización del uso­

del suelo analizado, eon.6t~uyendo un 1ndlce de a~~actlvidad -
pa!r..a cada c~lula en 6unci6n de la lmpo!r..:tanela o pe6o a.6lgnado 

' . 
a la.6 va!r..lable6 y de la& p!r..e6e!r..encia.6 de cada una de la& aub-

va!r..lable.6 que la~ componen. 

El programa genera 20 archivos en disco rnag~ético donde 

ueposita los resultados de cada modelo de atcact!vidad, estos 

archivos son llamados¡ LAEP/ATTR01,LAEP/ATTR02, ••• ,LAEP/ATT~20. 
Los archivos LAEP/ATTRn,seran posteriormente utilizados por el 

• 
programa MAPAS/TMGRIV (vease.la figu~a 6) para obtenPr el rnapeo 

con los resultados de los modelos de atractividad, y por el pr~ 

· grama para la evaluación de planes en etapas posteriores del p~ 

quete IMGRID. 

Paso 7 MAPEAR LOS RESULTADOS. 
Después de que todas las células han sido evaluadas se 

procede a obtener los mapas para cada modelo de atractividad 

con la utilización del programa MAPAS/TMGRID (descripci6n en 

la figura 6). En estos mapas la atractividad de cada célula­

se representa con una gama de caracteres aobreirnpresos de tal 

modo de obtener una escala de 10 intensidades de grises, en 

donde el mas oscuro muestra la mayor atractividad para la loe~ 

lizaci6n de las ~ctividades que fueron definidas corno propósi­

to del modelo. 

Paso 8 REVISAR LOS RESULTADOS. 



PAQUETE lMGRlV 

P~og~ama ATRACTTVO/T~!~ 

HOJA DE CODIFICACION PARA LOS MOD~ DE ATRACTiVIDAD 

. 
Nombre del(os) usuario(s}: Nombre de li~ctividad {usos del suelo) 

para la quee construyó el modelo: -
-------------------------------------~---------

------------------------------
NÚmero del modelo (formato I2); 

NÚmero de variables que intervienen en el modelo (formato~); 

ColUJI'tna~ 1 y Z 

Cua.l.ell ~on. la~ 

va.~.i.able~ 

/le . ..e. e va n.t e..& nO.' 

-

~ 

Col- 1 O Col-12 Co.t-74 

-

' 

Col-16 Col-18 Col-~ Col- 2 2 Col.-24 
i 
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~ 
' "' ¡ 
f f=+ i . 
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Figura 4.- Hoj~ de codificaci5n ~~~~ los MOVELOS EATPACTIVIVAV, 
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Figura 5.- forma de ordenar su paquete de tarjetas para utilizar el 

programa ATRACTIVO/If1GRID en el 1istema B-6700 del ese de la UNA'I\i. 
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Resurr.cn tcórtco del CLUG oástco 

_ _. 
Los teorizantes del urbanismo, dedicados al estucho de lA ~JC:O_Jr~<:.u 1c1, 1-· ~l-, 

ciolog(a y la economía, cornpreod'3n la importancta de ctertos pru1c L¡.Jt(·~; ¡,_,,~ ·1' e· · 

de la organizactón de ctudades y zonas; pe!ro la transm1stÓn de c~..::>Loc:. con~·Jc;t,, ,,. '2.. 
1 

tos ha sido dtftctl, debtdo a los problemas inherentes al empleo clr_. rn.:"· '_odu _; v.:. r-

bales adecuadOS para describtr lOS proceSOS dtnáml\OS y fluCLLUrli:C e~, ¡,1\'d\L:r_r._::¡_-

dos en todo ststema económico, y sus correspondtentes patron< :::. dc· 1 v:,o , .·.•l uo 
\ ' ' 

lo. A Última fecha, muchos teóricos han recurrtdo al empleo cJ,· rrluh:·lo~. rnétt,· --
------·----

máticos y fÍstcos para lograr una mejor exprestón ae, este procc;: e e-:,{,~. te·_;. r_:_llo 

ha excluido a mucho urbantsta, puesto que no todos los teortz¿-,,·,tc::; tJo:-ntn-:ul 1.:-ts 

técnicas matemáttcas. 

Una descrtpción matemática clara de los fenómenos c.:Í.stco~; -:-J.:;l cr'-,··¡m;,:rl 

~o urbano, dtnámico, fue hecha por Brtan Berry, * y resume los 'é! lcr-nE!n 1 ,):; e ,u e-

el CLUG trata de explicar. 

* (3rtém Berry rror.ler~s d·~ la t~vo:-sl¡gactón en 0~c:orc.fía L~t~~~~·2·~--' 
documcnlo pr·c.íJaro.c.lo por et Corntlé en Urh rlt":<t­

ctón del ConseJO de Invk=ttc¡actón de C!cncto.c-. S<·­
ctales, 1961. Reot~oductdo con pet~nlLS0 ry_;l é"..Jl<),~. 
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ESTRUCTURA ESPACTAL DEL USO DEL TERRENO Ur~n/\NO 

Los estudios más recientes sobre la estructura intt~rr.a de lds ciud.--:tc4 •~ ~; -

afirman que éstas están sustentadas por actividades básicas, cuyi1loc~·.1í..,.~·c 1·'>~1 

se determina exógenamente a la ciudad, a base de ventajas o.::ornp~irativ<t~; t:' ''Lr' · 

1 

los sistemas econórnicos, regionales, nacionales e internacwnales. 

Tales actividades básicas implican normalmente un distrilo centrol eJe n~ 

gocios, que ~s el núcleo, no sÓlo de la ciudad, sino a la vez, de toda la rl'g~Ó:~ 

tributaria. También se desarrollan varias actividades especit1lizc.ci<'s, t,llcs co 

mo la industria del--acero en Chicago, la producción de aviones 0n Scu.u i t') o ·-

empaque de carne en Omaha. Las actividades básicas, aunadus al sistema eJe--

transporte, constituyen .las características esenciales del pulrÓn urbano. 

Este patrón está integrudo, en parte, por las viviendas de 1 os trot)iljétclo-

res de actividades básicas y tiene características dinámicas debido al !'luJO y 

reflujo diario de quienes acuden a ella a trabajar, así como -más ctll(( eJe :oc/:_, 

lÍmites- al movimiento de bienes y comerciantes que van desde y hoci;_t los s_~ 

ti os de las actividades básicas. Podri'a haber, por supuesto, alsunus mnt t v:tc t,=, 
1 

nes basadas en la calidad del terreno sobre el que se f'xtif:nde l.< c-itJcJ,i<l, 

Otra caracterización proviene de la orientación de lo~:; np~¡octos •:.-.ci,·l : .. 

actividades básicas y de lu::. &ctividc:tdes terctarins h:J.cic:t lo::; trC~!J¿I 1:1tlo,~,". ·- -
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-consumidores-- y sys familias. También los viajes de compt'<~'-. ori<: ,. -.. 1 1 11..~ 

jo de el ientes. Es entqnces cuando aparecen los efectos secuncJi:1.r tc,s: l.:t lccalL­

zación de la vivienda de quienes trabajan en actividades no t,fco;lc .t·->, ~r'tdi::!oJo.-do­

res que acuden adicionalmente a la ciudad, mayor demanda de ~1c lt'.'ic!;:<~~: -~ -tt.:~--=­

ciarias, etc. '1 y que forman una cadena, cada vez más compleJc,, de ·~,-t..cLos -­

mu1tip~icadores. 

_Establecer los argumentos simbÓlicamente: 

Definiciones: 

A= patrón de actividades bási~as locales. 

B = sistema de transporte 

C = conjunto de sitios urbanos 

D = empleados o trabajadores en A 

E = patrón residencial de D 

F = patrón básico de desplazamiento de los empleaqo:::. 

G = sistema-de servicios de negocios 

H = sistema de actividades terciarias 

I = conjunto de efectos secundarios 

Establecido así A, 

D = f .(A) 

E= f (A, .o, supeditado a By e) 
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F = f (A, E, supeditado a B ) 

G=f(A) 

H = f (E, D, supeditado a B ) 

I=f(G, H) 

' '\ . 

Una especificación precisa de estas relaciones funcionales figura en el 
. f) 

trabajo referl.ente a la estructura interna de las ciudades. 

CLUG utiliza esas técnicas y postulados estáticos y les da vida en con 

diciones más reales, dinámicas, con los hechos y complicaciones imprevistas, 

que se presentan en el crecimiento y evolución urbanos. En operación, CLUG 

se convierte en un mooelo de siml;llación d.on~e los seres hurnanos son quie-
• • ' 1 "" • 1 1 • • \. J ·~ .. ~ • • l 1 

nes toman decisiones; esto permite ~---~~lrJ~.s~,r:~.~~ c;:o~.9.jugadores, enJuiciar el 
1 ' ' • 

proceso de c~ecimiento y. ?~c~den?.~~ ~ cl{-'6,u~'udad ~~ participar en el proc.::_ 

so. ~~n~ue mu?' ,limit~~~o E!¡~, té~~~~o~ .c;l~c.~oi- 1 ,~-~pr:n~.~-~o~. 9el crecimiento urba 

no quer intenta inclui_r, y aparentement~. ,q~n. wna estructura muy simple, el -· 
•••• 1 \ ~. : . 1. : l 1 • ' 1. •• - ·' ' • .... 1 

juego gener.a rápidamente un patrón de. desarrollo cor,nplej,o e imprevisible, el -
1, , 1 l ~·'. \,.. ( L J J 1 ~ ' • ! .. ''"'\ '~ 1' "'' ' 

cua:. e.~ J~q:~rr;~~g:~ r.epr_~.sE?~tati~o, por lo .rrer:?~, '--~e al~~r:os de los componentes 

del crecimiento y sus inter-relactones, que describiq Berry refiriéndose a las 
.l~) (}\,l(.l' .,,~l 1 l ~ 1 ' \ 1 

1 
1 

1 
:"'t" '' l!. ' . :.~ 

<::tudades norteamericanas. 

El tablero del Juego presenta una gran variedad ,de posibles sitws urba-
. . \.: el. .. : :-1 t , • 1 1 
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nos e e ), divldidos entre una matrlz de lgual área por un sistema coordenado -

rectangular. Sobrepuesto a sttios de- posibles usos del terreno, está el sistc;ma 

de tr~nsport~s ( B ), integrado por caminos princtpales y secundarios, a.si co-

mo por una terminal, el cual constituye ~1 determinante básico para la loéal iz~ 

. 1· 
ciÓn de las industrias bás1cas. e A ). 

Estas actividades básicas se hallan representadas por industrias chicas 

y grandes, que pueden ser " construidas " y operadas por los jugadores. La ec~ 

,. "" 1 1 ¡ . 1 
' ; .... ' 

nom1a de tal operacion, tomando en cuenta el sistema de transporte, h~ce que -

las localizaciones tiend~ a agruparse'tan cerca de la terminal comoFJsea posi-

ble. Los trabajadores de estas industrtas e O) disponen de unidades residencia-

les construidas por otros jugadores. El costo del transporte,- desde y hacia el 

trabajo ( F ), así como el intento de los jugadores de minimizar ese costo dan 

por resultado un patrón de 'locali~aciones' r~si8éncial'es ,' que tiende a agrupa!:_ 

..... .:_.. 1-../-· ... ~ 1 • • l 1 ' • 

las al rededor de las industrias, s'ujeto esto a la disponibilidad de terrenos, al 

precio éste,· y al siste~a ·Je t~anspbV.té Ef~o~u(A, O su'jeto a B y C ). El núm~ 

ro d-e' Jnidades habitai:;tonJÍes a~ pende ·d~i1 r{~~~ro'y. 'tipo de industrias exis-

'. ·, Él1ls1ste-t+'ta 8e instalaciones para nego'dos~~ 1 está o! representado por un ti 

pcf8t:!' lfc:JÍFl.bto' tlamado oficina (G ). Las .;ent'ajidsl·i:Je · e'~te tipo de construcctón de 

penden del número potencial' de- 'inqui Únos · constttúido ~ principalmente por las 

industrias ·, G = f e A') . Las acti\ddctde1s te·rciarias 'sori los centros comE:r-
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ciales ( H ) que sirven a las untdades habitacionales. El número y localiza-

ción de estas tiendas depende del volumen y ubicaciÓn de las unidades re9ide~ 

ciales previamente establecidas, y de acuerdo con las restricciones y facilida-

des que proporciona un sistema de transporte disponible H = f ( E, D sujeto a 
~. 

B ). 

· Al igual que la localización de los negocios y de las unidades de servicios 

terciarios, surgen nuevas oportunidades, de localización, o sea lo que Be- -
' ~ ' 1 .... 

rry ( I) ha llamado efectos adicionales. Estas comprenden la construcción de uni 
' t -

dades residenciales para los elementos que trabajan en las tiendas y los nego- -

cios que habrán de ubicarse lo más cerca posible de dichas fuentes de trabajo -

1 = f ( G, H ). Estas unidades habitacionales crean, a su vez, servicios tercia-

ríos adicionales en la misma vuelta o en las s.ubsecuentes. Estas efectos secun 
• " , •' , '\' L 1 -

darios continúan hasta que, en un mor::'_ento dad<?_, el si~~~ma llega a estar relat~ 

vamente bien balanceado. 

,L~ .e~~luc'Ó'! de la ciudad en CL,U<p, !?igu~ e;St?-S .vueltas básicas, ade­

más de la c9nstruc~tÓn d,e ind'-"strias adicionales,, ,P?UJdo, lugar así a otros Ci 
, , l, ~.,.el·''" . , -

clos suce~~vos de, Cl]ecimiento y. desarronq. SIJ @~ cur,~o del juego, el pro-
• .. ' •• ' 1\. j l .._ ¡ ( ,t 4 \' 1 ~ • • 

ceso de decadencia de las estru~tl,lras más \l¡iejé{lS, ~~nada Q. posibles disloca 
. "'-,..' ( l t 'e , ,, t , r • ~ .. 1 • , • , • ~ 

cienes de~idas a desastres né\tur~les o, econ.Ómi.cos ~. as,í. como a cambios en -

el sistema de transpo':'~c ,. .. conducen a ~91"~.i..r!Ja~ modificaciones y aJustes en -. ,· ... 

ese proceso. 
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SINTESIS DEL PROCEDIMIENTO DEL CLUG BASICO 

El juego CLUG está especÍficamente diseñado para proporcional'"' un co-
, . '1 

nacimiento básico de los factores subyacentes que afectan el crecimiento de una 
r' , ... 

zona urbana. 1El juego hace énfasis en' ci~l'"'tos aspectos de la economía urbana : 

la relación que existe entre las industrias básicas y el empleo, la habitación, y 

los costos de transporte; el desarrollo de servicios comerciales; el financia-
• 1 ' • • 1 ' : -

miento e instalación de servicios comerciales; el fmanciamiento e instalación 

de servictos municipales; y en la ubicación e interdependencia de todas estas 

actividades en una zona urbana. 

Como participante de CLUG, el jugador tiene oportunidad de. invertir .en 
• •. • 'I..J l 1 

1 

tierra, construir edificios de varios tipos, y buscar los medios adecuados para 
, , ~ ...... ' 1....;_.. .. ... r, , • '• . 

relacionar las inversiones dentro de la economía local y hacer producir su in 
'· . - • , , 1 .•!11 './ evoluc' ... 

versión (cuando la invers.tón ha sido bien planead,a ). Si bien es de esperar·~ 
,·¡ ~ . , • Jr. 1·.' _ ... · ,,.n Ci(.·¡r.· •·.··· 

se la competencia entre los compañeros por un lugar en el sistema, existe, -
1 1 1 1 ~ • ' 1 ' ' : ¡ 1 • 1 • : ~ ~""' •• 1 • • .... • 

desde luego un 1 Ímite en dicha competencia. El bienestar individual depende, en 
1 : ., 1 .t 1 .. ' ... . • \.,..{ l:) ll 

gran parte, de todos los jugu.dores. Aunque adversarios, los jugadores .aprende 
.--ll' -,'t'\.1 1¡. ~ ' 1 ·it. ·'.) ~.....:. ,,{' .. -

• .. ' \ • 1 1\. ' ..... 1 1 - ~ , 1 .. ¿ 

rán a cooperar unos con otros, para lograr ciertos prÓpÓsitos, en bien del desa 
1 ... , ( 11 1 e i ,, ~ l • 1 \ ~ , • • , • • , • • • e . • L.!. .. : - . · 

rro11o y de la comunidad. 

' l ' 1 

Un mstructor dirir.¡c el juego cxpl icando e interpretando lus rcuh\!i. R~_· 
_ ,·..: Ll~ ~ 1 ! 1' 1 1 

presenta también a las economías externos a la comunidad local, en la compr:a 
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de productos manufacturados y la venta de servicios comer·ciales t1 los Juq<lílores 

que no son capaces de obtenerlos a un precio adecuado dentro de 1él cornunido.cJ. Di 

cho intructor anuncia también aquel1as catástrofes inesper<::.dé\s qu<· puedc:n d, ,,--,;¡,.., 

la estabilidad de la comunidad a través de la pérdida de sus inv~r:_;ioncs. hlo 1nte.c_ 

viene directamente en el juego, excepto par·a ordenar eventos y ejecutar r~c:JL1s. 

Dentro de los l(mites de la capacidad,humana, opera obJetiv<J. y racionu.lment..::: en 

pro de los jugadores y de la comunidad. Como tiene más habilid.:1d que los ¡u~pd~ 

res novatos, el instructor puede ocasionalmente aconsejar sobre iu, · . · ,, ''"~-, y -

toma de decisiones en general. Su consejo deberá ser cuidados"mente cor.:::;¡cJ.:: ,~~ 

do, pero aún el más'hábil JUgador no se halla capacitado para predecir los eve·~ 

tos que pueden ocurrir en el Juego. El instructor no es omnipotente, él no con--

trola la dirección o evolución de la ciudad. Esta se halla totalmente ~~~ munos uc 

los jugadores, y ,..:estri.ngi.do por las reglas que se expo_ndrán después. 

De vez en cuando, suele presentarse en el juego un evento eJe especwl l;-,Le 

rés y que tiene aplicaciones importantes en algÚn fenómeno similar dl' l<l v1da -

real, o en teoría. En tal caso, el instructor puede interrumpir 1?1 Juec¡o par'<'- e:::_ 

plicar los detalles de lo que ha ocurrido y mostrar su relación con 1o.s even\os 

de la vida real. Si bien tales interrupciones pueden retrasar el proce~>o c.Jc: cr'~--

cimiento en la comunidad, constituyen buenas oportunidades pnra <•pr~cncicr r-r.[L: 
' 

acerca de la manera en que operan los si.slemas urbanos, télnto on el Jt re:;¡o co-

mo en la vida real. 

El instructor es usualmente auxiliaclo 1por un contarlor~ qu¡en l1evz1 <'1 r·L:· 
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gistro de las propiedades, estima tos vulores de las construccionc~~ y terrenos, 

la edad de las construcciones y el estado financiero de la comunirJ~rl, 1ncl uy2ndo 

impuestos vencidos. Este contador representa al tesorer:o pÚbl1co, v rich. · de· es 

tar abierto a la inspección por parte de los Jugadores durante el ¡u,-·qu. P.:~r<t en . - --

tender la medida y significaciÓ('I de ese registro pÚblico se requier~, ~•in c-rni)Dr 

go 1 cierta experiencia. 

Las reglas que siguen proporcionan el marco básico del JUe<Jo, c·n su 1 or-

ma ~ás simple. No obstante que al principio parece difÍcil compr1:' ,.¡c~rl o, c1s i 

1 

todos los jugadores aprenden rápidamente, en el curso de las oo~; r~<.Jr'él.ó. llitetc"t-

les del juego. La misma serie de pasos ocurre en cada vuelta. Oc>' pth--<::, <.le ~dgu 

nas vueltas, ~e familiarízan con los pasos y los números y cantid.::t,:,_·: <?rY:plc·:-¡-

das resultan pronto conocidas a todos los jugadores. Como no s-e t .. t óc!c¡Ulr'ld,)-

práctica en la operación del Juego, solamente una o dos vuel t¿:¡.:-; ~;0 r'e<tll~~ ;-,n u su~ 

mente durante las primeras dos horas del juego. Después de cstr~ r_.._;r(odo trllCli:i\ 

el juego se desarrolla a razón de 30 minutos, o menos, por vuc !t.-,. 

La velocidad con que puede completarse un ciclo 
1 

estií de~ le r r ,-,¡n¿:td .. ( r': ~¡r'tl.ll 

parte 1 por la eficiencia de los Jugaodres para tomar dectsiones, t, 1nto c;r, lu. 

equipos individuales como en la comunidad en su conJunto. Cor110 r1 :uH¡,¡ ,·.: -.lte 

ne numerosas decisiones basadas sobre mucha información, 1 e··-· l', . -.. -lur'l e; . ,--

drán elegir la Información Útil y así alcanzar práctica como ,. :t r,lltV()ó LJelJ. l 

Deberiín u.prender a distinguir las decisiones importuntes cJ,-. 1.,. t,··ti·¡,\1(". , .;.1 
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luar la información recomendable par'a tomar rápidamente decisiones, sicmpn~ 

anticipár1dose a las decisiones complementarias, que deberán hacerse p.:Jr· ot ,~,::..:.... 

jugadores. 

Una racionalización cornpleta es casi imposible, aún en este sim[llc~ JU?UO, 

y los jugadores deben aprender a vivir en W"l mundo donde .las presion.._:~; del Lie;rn 

po y la falta de información los forzan a e5tablccer una conducta sólo ¡J:lrcwlmen 

te, racional o satisfactoria. 

CLUG se juega más efectivamente con 3 o 5 equipos de una a tres pcr~,oncts 

cada uno. Es posible usar más equipos o más personas por cqulpo, pero 1 os pr~ 

cedimientos contables se vuelven muy complejos. Además, es difÍcil c¡Lre un t CJL~ 

po llegue a una decisión cuando cuenta con más de 3 integrantes, a menos que e~ 

té muy bien organizado internamente, Una determinación clara de l:-ts furKU!1WS 

dentro de cada equipo ayuda a tomar decisiones rápida y fiicilmente; los JugocJo~ 

res deben ser estimulados a elegir un lÍder, que será el portavoz y volo rcpre-

sentativo de cada equipo. 

El Juego básico de CLUG, descr·ito en las siguientes rcqlas, es lo ó.>u(ic-Jen 

temente complejo como pu.ra sntisfacer a la mayoría de los JU~J-"ICiore·; t"!rt S t'> 1 O 

vueltas de JUCíJO. Es posihlc extenderse miis'aún, pero el ..-lp:"P'Idi.:.u: <1cltrt(·:,:tl 

1 

disminuye mucho a purt~r de 1<1 c.Jé·cim.:\-~uinl<;l vur.llu, u. nlCr""~O'_, {jlll-. ·.(· lnlt',,,;,¡_-

can reglas o modtt 1car.1oncs adicionales. 
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El conjulo de expertmcntos diseñados de acuerdo con las reglas básicas 

permite explorar, sistemáticamente, los efectos de cierta clase de fenómenos 

urbanos. Una vez aprendido el juego básico, la mayor parte de los jugadores 

está en posición para realtzar sus vueltas, con propósitos experimentales, e~ 

cogiendo a une;> de los JUgadores como Instructor, a otro como contador y hacie!:!_ 

do los demás los papeles que requieren los experimentos en particular. Una -

lectura rápida a la secciÓn correspondiente del Manual del Instructor - que pu!:. 

de ser factl i tada por el instructor - aclara los pocos detalles aquÍ fal tantes que 

pudieran surgir durante el Juego. 

Este juego intenta contestar las dudas particulares y problemas del ere-

cimiento urbano. Cada experimento va acompañado de lecturas cutdadosamen-

te seleccionadas para relacionar el fen6meno del JUego con la vida real. La --

combinación de dos o más experimf'" 1tos es posible, si bien en este caso, la estruc 

tura total del juego puede resultar demasiado compleJa para ser debidamente com 
'-

prendida. Se recomtenda especial cutdado al intentar des'arrollar combmaciones de 

experimentos, empleando el tiempo ade'cuado para probarlas y revisarlas con -

todo, diseñar nuevas modiftcactones al _juego puede ser muy instructivo, y los -

esfuerzos en este sentido deberán ser e~:;timulados. Con todo, modtftcar un s ts.-

tema todavía tan simple como el CLUG r"'esulta algo dtfÍctl. Cambtos que pare--

cen muy simples en las rculas, a mcnucJo se producen profundos y desorganiza--

dos efectos en la operactón clcl juego. Descubt"'ir esos efectos y aprenderse sus 
i 

implicaciones constituye una experi~nci.1::\ valiosa. 
i 
1 

La simple lectura de las ---

1 reglas siguientes no perrntte entender co~pletamente su stgniftca-
1 

i 

¡ ,. 
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do, y la trascendencia de cada uno de los detalles indicados. Deben ieerse uücta-2_ 

mente para tener un conocimiento general del flujo del juego y de la clase de fac­

tores que lo afectan. Los números y cantidades dadas en las reglas deber'án sier!2 

pre haHar::.e ::.iempre disponibles como referencias durante el juego. De esta m~ 

nera. sólo se r~equiere tener un conocimiento general de las tablas ernpteadas y 

de su CO.('ltenido general. 



REGLAS DETALLADAS DEL CLUG BASICO 

La stmple lectura de estas reglas es suficient? para proporcionar al ju-­

gador una base conftable para empezar a jugar. El significado y finalidades es­

pecÍftcas de muchas reglas trán aclarándose a medida que el juego progrese. -

Como c~alquier Juego, más que leer acerca de él, la meJor manera de entender 

el CLUG es juga~lo. Aunque aparentemente dtfÍciles, las reglas son repetitivas, 

por lo que su comprensión es sumamente fácil. 

Dinero CLUG 

Al principio del juego básico, cada equtpo dispone de $ 100 000.00 en -

efectivo. Este dinero puede emplearse en comprar tierra, eregir construccto­

nes, cubrir impuestos y hacer los pagos necesarios a otros jugadores. En ca­

da vuelta entra al juego dinero adicional, cuando el instructor hace los pagos a 

los dueños de las industrias. Una part ~ de este dtnero circula hacia otros JUga­

dores en forma de pago de empleos y pagos a las ttendas y oficinas por servt-­

cios diversos. A su vez, sale dinero del juego cuando los Jugadores pagan ser­

vicios por transportación, compran bienes o servicios en econom(as externas a 

la ciudad, pagan servicios mumcipales a través de impuestos y hacen pagos p~ 

ra la construcctón o renovactón de edtficios. En el juego básico no está permt ti 

do que el tnstructor realice préstamos, st bten la, comunidad, conJuntamente pu~ 

de contraer deudas hasta por el lÍmite permitido. Los préstamos entre equ1pos 



son válidos siempre que sus términos no interrumpan el juego. Los jugadores 

pueden esperar usualmente un diez por ciento de ganancia en ur.& buena inver­

sión en la ciudad, aunque, de hecho, logran ganancias más altas o más bajas 

de acuerdo con las inversiones y administraciones, buenas o desacer-tadas, q¡Je 

real icen. 

Tipos de uso del suelo 

En el CLUG existen tres tipos básicos de uso del suelo: industrial, co­

mercial y residencial. Existen niveles de densidad industrial: gran industrla -

(GI ), y peque?')a industria (PI). En las etapas de construcciÓn de, cualquier - -

vuelta, una tndustria pequeña puede transformarse en grande pagando la dife-­

rencia de su costo inicial de construcctón, y cambiando el tipo de sus edtflcios 

en el tablero. La des1gnación de las edificaciones de estos tipos de uso del su.=_ 

lo, así como sus costos iniciales cie construcción aparecen ilustrados en la Fi­

gura 1 • 

En terrenos comerciales se construyen 3 tipos básicos de edificios: - -

tienda local (TL ), grandes almacenes (GA) y oficina (O), que tt;.mbién apar·n­

cen ilustrados en la Figura 1. Una tienda local proporciona bienes y servicios 

tales como abarrotes, productos farmacéuticos'· gasolina, art(culos domésticos~ 

y auxilios médtcos elementales, etc. Cada unidad residencial del tublero debe­

rá cor:nprar una cantidad determinada de bienes en cada tienda local y en cada -

vuelta, o adquirirlas del instructor. Los grandes almacenes ofrecen un rango-
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más espectallzado de btenes y servicios, de menos frect.Jente adqu1sictÓn, como 

son joyas, muebles, automÓviles, servtcios médicos especializados, etc •. Cada 

unidad residenctal del tablero deberá·adquirir una cantidad no.rmal de estos bie 

nes en los grandes almacenes o del instructor, en cada vuelta. 

Finalr;nente, las oficinas proporcwrlan una gran variedad de servicios -

contables y administrativos a las tiendas e industrias. Todas las industrias y -

las tiendas deberán pagar una cantidad normal de estos servicios en cada vuel­

ta a las oficinas construidas o al instructor. No se permiten cambios de un ti­

po de uso del suelo cÓmercial a otro, a menos que el edificio original sea com­

pletamente demolido y se construya un nuevo edificio en su lugar. 

El suelo residenci'al se emplea para umdades habitacionales, las que pu.=_ 

den pertenecer a·4 niveles distintos de densidad: R1, R2, R3 o R4, (ilustrados 

en la Figura 1 ). Cada unidad habitacional incluye una unidad para los empleados 

y sus familias, los cuales deb~rán hacer adquisiciones normales en las tiendas 

locales y centrales, en cada vuelta. A una unidad residencial de alta densidad -

( R4) corresponden 4 unidades para empleados, y 4 grupos potenciales de clien­

tes de las tiendas ·locales y centrales: La denstdad del terreno residencial pue­

de ser incrementado en las etapas de construcción de cada vuelta, pagando lB: d2_ 

ferencia de costo entre los dos tipos de edtftctos, y cambiando, naturalmente, -

las formas que <lo representan en el tablero. El costo de construcción para cad.:l 

unidad residenctal es algo mayor en las de alta densidad, que en las de baja, ·pqr• 

lo exclusivo del lugar, y el costo de los servtcios pÚblicos. Esto es result21dn 
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en parte, del hecho de que en el juego básico se considera que todos los reside!:.'._ 

tes pertenecen a un mismo nivel socio-económico y ~iven en un tipo de habita---

ciones. 

Empleo· 

Todas-las industrias y comercios deben emplear unidades residencwles 

para poder trabajar 1 Una industria grande, trabajando a plena capacidad, pue-

de emplea·r ha'sta.·4· unidades residenciales; una industria pequeñe. ~mplea hasta 

dos unidades·:residenciales; las tiendas locales y centrales y las oficinas em- -

plean, cad~ una de' ellas, una unidad residencial, cuanto están en operación. Los 

diferentes niveles de salarios quedan establecidos en el juego bástco. El dueño 

de Ur:Ja unidad residencial empleada por una industria o comercio recibe un pa-

go de$ 6 ooo.oo·por cada grupo de empleados', en la etapa de pago de emple~s 
' 

de cada vuelta~"Este dinero procede del eqÚipo al que pertenece la fábrica o tien 

•' ,, ' 

da. Los contratos· de empleo sm negociados entre los dos equipos -· los dueños 

•· 
de los empleos y los de los empleados-, deben ponerse marcas codiftcadas en 

ambos edificios: 'Todos los contratos de empleo afectan a los edificios con rnar 

cas y su efecto ·dura hasta la siguiente vuelta divisible entre cinco ( cin~o, diez, 

quince,_· etc-.-).· En ese tiempo, en la etapa de alquileres, pueden. negociarse nu::_ 

~ ' ' ' 

vos contratos 1 'de· común acuerdo entre patrones y empleados, 

·. 
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Comercio 

Como ya fue dtcho, el suelo empleado para usos comerciales ofrece un 

determinado volumen de bienes y servicios a sus el ientes potenciales. Los usu~ 

ríos llamados a comprar estos bienes y servicios prefieren a aquellos vendedo-. 
res que ofret:en mejores precios y tienen localización más ventajosa. 

Una vez que cada edificio residencial ha convenido en comprar en dete!:. 

minada tienda local, .gran almacén u oficina, en particular, los convenios y los 

precios regirán hasta la siguiente vuelta divisible entre cinco. 

Los precios de los servicios y bienes normales los fija el dueño de cada 
"'--

tienda u oficina, quien se ve restringido por tres factores básicos. El primero 

~s que esos bienes y servicios estén a,l alcance de los jugadores de economías -

externas, por ejemplo el instructor. El instructor vende también sus bienes y 

servicips a un precio fiJO, a cualq~ier jugador que los solicite: $ 2 000 para la 

canasta de la tienda local; $ 1 009 para la canasta de los grandes almacenes; y 
1 

$ 4 000, $ 2 000 o $ 1 000 para las oficinas, dependiendo éstos de si el compr~ 

dor es una industria grande, pequeña o tienda, respectivamente. La segunda -

restricción en el costo de transportación para la clientela de una tienda, en e~ 

da vuelta. El instructor ofrece sus bienes y .servicios a precios que incluyen la 

entrega en la casa del cliente; así los costos de éste no se aumentan con los r~ 

lativos a. tra.1sportación. Todos los dueños de tiendas u oficinas tienen, sin e~ 

bargo, que considerar el costo de transportación de sus clientes potenciales, -
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v:ctjando dc~:;de y hacia la tienda, para establecer sus propios precios. Así, su 

precio es .siempre menor que el de las economías externas, para compensar -

esos coslos de transportación. La tercera restricción a los precios consiste en 

que solamente puede establecerse un precio en cada tienda local, al macen u of~ 

ci.na. Este pr
1
ecio, deberá aplicarse a todos los clientes por igual~ y deberá so.=_ 

tenerse h~sta la siguiente vuelta divisible entre cinco. As( pues 11 el comercian­

te, para lv. fiJaciÓn de pr·ecios deberá considerar tanto el desarrollo presente -

como el futuro, y su probable localiza~ión con respecto a las unidades comer­

ciales. Los valores usados en las tres secciones precedentes, están resumida~ 

en la Tabla 1 • 

El Tablero 

El t&blero CLUG mide 36 x 36 cm y está dividido en 144 manzanas, ca­

da una de lv.s cuales representa un predio. En CLUG básico, las lÍnep.s delgadas 

representéVl los caminos secundur•ios mientras que las lÍneas gruesas -dobles­

representan los caminos principales. El sistema de coordenadas está disE:ñado 

de tal manera que los números pares designan las columnas o filas de manza­

nas, o de cucldras; y los números impares que intervienen representan las 1(-- · 

neas horizontales y verticales que separan a las manzanas. As(» una pareJa de 

números pnrcs, tales como 8-66 indica un predio, mientras que una pareJa de 

números lm[)"rc=. tale:.; como "1-67, ind1ca una esquina particular do un pr-edio. 

Similnrr ncnlc!, unn cornbinucíÓn de un n(•mcro impar y otro pu.r, para designDr" 

coordenadas lclles corno 9-66, 1ndica un segmento a lo largo de la orillfl- oe un 
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predio' determinado, Aunque puede introducirse cualquier configuración topográ 

ftca en el tablero, la Figura 2 proporciona un modelo usual, que puede ser em-

pleado en la mayoría de los juegos bástcos. Consiste en un camino principal y-

horizontalmente a lo largo de la línea 39, desde la 5 hasta la 25, y verticalme~ 

te a lo largo de la 1 ínea 9, desde la 27 hasta la 51 . Están indicados algunos - -

... 1 • ... • ... 
otros pertmetros tmportantes en el JUego basteo: un lag?, o bahta, aparece en 

las manzanas 2-38, 2-40 y 4-38, 4-40. Incluye también esta Figura una termt~ 

nal maríttma en la 3-38 y una central de servicios pÚblicos en la 3-40. La ter-

minal proporciona ;Servicios de embarque a las economías externas y es el pu~ 

to desde el cual todos los productos industriales deberán ser embarcados para 

su venta. La central de servicios pÚblicos es el punto hacia el que convergen t~ 

das las 1 Íneas de servtcios. Esta planta proporciona un gran número de servi--

cios, que utilizan los duetos y líneas de servicios construidas durante el juego. 

Además de los servicios de agua y drenaje, con la central y sus lÍneas, se pre~ 

ta un gran número de servicios municipales, como son los de policÍa y bombe-

ros, electricidad y calefacción, recolección de basura, bibliotecas, escuelas, 

etc. Las 1 Íneas de servi~ios se colocan a lo largo de las calles, por mayoría de 

votos de los equipos. Se considera que un predio dispone de servicios y está en 

aptitud de desarrollarse, cuando a su lado corre una lÍnea de servicios. 

Tru.nsnorlu.ctÓn 

Un faclor tmporta.nle en muchas :decistOnes del juego, es el costo de--

transrorte requerido P<?r ciertos usos di=l suelo~ es~e costo es factor detcrmt--



nante en la local izactón de las construcciones. Los costos. de transportación ~e 

liquidan mediante pagos hechos por los jugadores al instructor. Son cubierto;;­

por las industrias, grandes y pequeñas, al adquirir productos que llegan por -

rnar a la terminal; por los residentes, al dirigirse a su trabajo, y a efec•uar -

compras en las tiendas; as( como por las industrias y las tiendas al í.ranspor..,. 

tar el material desde, y haciét, las oficinas. Su costo se increment:a con la di_s 

tancia, y es rr1enor cuando el movimiento se efectúa a lo largo' de un camino -­

principal qut:! cuando se requiere emplear caminos secundarios. Para el juego 

básico, la relación de eficiencia entre un camino principal y, otro sec1.mdario ~s 

de 1 a 2. Los costos se increment~n en razón del número de cuadras recorridas» 

ya sea en un camino principal o secundario (la unidad de distancia es ur)a cua~ 

dra ). Todos los movimientos deberán verificarse en lÍnea recta, .a 'lo largo de 

las calles. Estas se cuentan desde la esqLJina más prÓxima de la manzana de .,.. 

origen, a la más cercana de la manzana a la que se dirige. L:a distancia viaja­

da entre 2 predios contiguos es cero, y el costo de transportación es cero tam 

bién. 

El costo unitario de un viaje depende de la frecuencia y volumen de cad_a 

clase particular del mismo. El costo es muy alto tratándose de.ernbarques de-:­

productos manufacturados, y relativamente bajo en los viajes d~ compra y tra­

bajo. Este factor de peso para una clase particular de transporte, se denomina 

"peso asociado" s- y aparece detallado en la Tabla 2. El peso asociado se ugro­

ga al número de manzanas recorridas y se multiplica por 1, o por 2, ya sea-­

que el trnnsportc se reulicepor un camino principal o secundario, respectiva-



mente. Así, para trasladarse al trabajo, desde una residencia, cuando el ,si ti o 

de e~pl~o involucra dos unidades de caminos secundarios y dos de caminos - -
', 

principales, se calcula como sigue: dado un peso asociado de 300 para traslado 

desde la residencia al trabajo, el costo deberá ser 2 veces 300 para cada unidad 

de camino secundario recorrido; más una vez 300 para cada unidad de camtno -

recorrido; y 1 800 por cada unidad residencial en dicha localizactón. El costo­
' 

de tra.nsportación resultante lo pagan al instructor, en cada vuelta los equipos 

que hacen uso del terreno. El costo sÓlo es reducible disminuyendo la distancia 

de reéorrtdo o, en algunos casos, disponiendo de meJores medios de transporte. 

Impuestos Y. finanzas de la comunidad 

Las erogaciones que ocasiona la comunidad, se pagan en forma de im--

puestos, en.cada vuelta, y corresponden al número de lÍneas de servicio cons-

truidas y de unidades residenciales que existen en el tablero. El costo inictal -

de construcción de cada segmento de 1 Ínea de servicios es de 2 000, y los cos-

tos de operación y mantenimiento posteriores a su construcción cuestan a la co 

munidad mil por vuelta. Los equipos jugadores deciden, por mayoría de votos, 

la construcción y localización de las 1 Íneas de servicios. No puede construirse 

ningún edificio en una manzana que no tenga lÍneas de servicio a lo largo de uoo 

de sus lados. Los costos se computan pory unidades. Toda 1 (nea de servicio de-

berá, por supuesto, unirse al sistema co~ectado finalmente con la planta de ser 

vicios. Además del costo de los servic10s,: pÚblicos, cada unidad residencial pa 

ga 1 000 por servicios sociules on cadu. v~...01ta. Este costo, como el do la con.s 
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trucción de los servicios y los costos de mantenimiento de los mismos, debe-

rán ser pu.gados por la comunidad independientemente de los impuestos. 

En el juego básico, se paga el impuesto predial sobre terreno~ o edifi-

cios. La tasa de impuesto se fija por' mayori'a de votos de los equipos. Esta t~ 
\ 

sa.P multiplicada por el valor catastral de las propiedc:tdes de un equipo, deter~ 

mina el ma'"lto que deberá ser pagado en impuestos 1en la vuelta siguiente. En -

las vueltas sucesivas, la tasa puede bay;¡r o elevarse de acuerdo con las necesi 

dades finanéieras de la comunidad y sus planes de crecimiento. 

La comunidad puede tener un superávit o déficit financiero en cualquier 

vuelta, y este superávit o déficit se acumula en las vueltas sucesivas. Sin em_ 

bargo, el déficit no podrá exceder el 1 Oo/o del valor catastral de las propieda--

des de la comunidad, en cualquier momento. La comunidad pagará una .tasa de 

interés básico del 1 O% sobre su déficit. El superávit acumulodo no ocasiona i~ 

terés. Si se excede el lÍmite del 10% no se autorizará la co11strucción de servi 

cios hasta que el déficit sea prevíamente pagado por la comunidad, es decir,-

hasta que la deuda de la comunidad corresponda a cero. El oontt"ol contable de 

las propiedades, imruestos, superávit o déficit, deudas extraordinarias co- -

rresponderá al contador de la comunirla~. La principal labor de los jugadores-

será establecer las tasas tributarias, p~gar sus impuestos y cuidar que no se 

acumule n tngÚil déftct t qua perJudique la1 cnpnci.dad financiera y credt tic in de la 

comunidad. 
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El valor imcial de las construcciones se _deprecia a razón de un 5% por 

vuelta. Cada 5 vueltas, los dueños de los edificios deberán ser informados so 

bre la vida Útil y estad~ de depr.eciactón de los mismos, y se les preguntará si 

desean, o no, renovar total o parcialmente sus construcciones. t.a renovaciÓn -
\ 

se real iza mediante un ¡:;>ago al instructor del 5% de lo.s costos de depreciación 

acumulados en las vueltas .. Esto renueva al edificio y prolonga efectivamente-

su vida Útil. Los pagos de renovación podrán ser hechos cada 5% que se depr~ 

cie -la depreciación equivalente a una vuelta-. Así el edificio puede regre-

sar a su edad cero, o ser parcialmente renovado por el equivalente a una vuel-

ta o dos, dependiendo del valor y del uso que se dé a la estructura y al terreno. 

----Después-de-haber-tomado-t·a-decisTÓn ae renovar, o no, una construcción parti-

cular, cada equipo deberá tirar un par de dados para cada edificio, las caras -

que hacen perder el uso del edificio son proporcionales al estado de deprecia--

ción. OJando un edificio esté "perdido", se le eliminará efectivamente, y no -

podrá ser usado durante 5 vueltas. Después de es~s cinco vueltas, el edificio -

estará de nuevo apto para ser renovado pudiendo ser jugado con los dagas nue-

vamente. Sin embargo, el edificio será entonces 5 vueltas más viejo, y sus--

probabilidades de ser eliminado son mayores. En este punto el edificio podr(a 

ser renovado para reducir la probabilidad de perderlo una vez más. 

Toda construcción tiene, cuando menos, un 5% ue pr•ohabil idades de pe.!:_ 

derse, no obstante que sea completamente renovado en cada vuelta. Esta prob~ 



1 1 • PAGO DE IMPUESTOS.- El contador informa a cada equipo de los impuesws 

que debe la comunidad» y el instructor los ·~obra . .A.sirnismo inforrna a ,la C'2._ 

munidad del monto total recabado por impuestos, del monto de los gastos ori_ 

ginados, del interés pagado sobre deudas, y del déficit o superávit de la co--

rnunidad. Los Jugadores discuten y votan sobre la tasa de ir:npuestos que reg~ 

rá .en la si'gu1ente vuelta. 

¡:;;reparación para el Juego 

Anexo a este manual vienen, por duplicado de las tablas de informaciÓn para 

- . 
el jugador, y que contienen toda la información básica necesariz¡ para el juego -

CLUG. Viene':' en forma de hojas desprendibles, de manera que puedan emplearse 

fácilmente durante el juego. Para la mayoría de los jugadores es suficiente una -

lectura de las reglas ya enunciadas junto con el contenido de las tablas, .es suficte!2 

te para contestar la mayoría de las dudas que surgen durante el juego. Se propot:_ 

ciona en duplicado de esta tabla, para casos de pérdida o mutilaciÓn de las mtsmas. 

También se adjuntan algunos cupones para que el jugador registre en ellos que 

sus solicitudes o licitaciones sobre terrenos y los contratos de compra.con los --
·-

otros jugadores. Al llenarlos, -.::1 vendedor de un terreno indica las coordcnadu.s·-

numeradas del predio solicitado, Junto con el c,elor del equipo, y el número de la 

vuelta. El precio ofrecido deber6 anola,~!:~e redondeándolo en centenas, puesto que 

ésta es la más baja denominaciÓn del dinero de CLUG. 
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Un contrato de venta es un acuerdo escrito entre el dueño de una propiedad -

resid(:!r~cial y el dueño de una tienda local o gran almacén, en que aquél se obliga 

a hacer sus compras en dicha tienda, a un precio previamente acordado, hasta -

la siguiente. vuelta divisible entre cinco, Al llenar estas formas deben indicarse 

las coordenadas de la unidad re~idencial que corresponden al cliente y el color -

del equipo dueño de esa unidad residencial. También deben qued~r indicadas las 
. 1 

coordenadas de la tienda, el precio acordado (usualmente se reporta un precio -

por cada unidad residencial ) y el color del equipo dueño de la tienda. Este acuer:_ 

do de venta es usualmente llenado por el comprador y queda en poder del dueño -

de la tienda,· de manera que e·ste pueda llevar un registro de lo que cada equipo le 

debe durante cada vuelta. 

' ' . 

______ Iambiér:Lse_inc luy~n-2-copi as-de Lt'!eg is ti'!O-de-impu es tos-CL UG-,-y-de-1 a-fol'!ma--~-

del estado financiero de la comunidad. Una de cada una de estas formas quedará en 

poder del contador, para cada experimento, o corrida del juego .• Este necesitará 

también una copia del registro general de las propiedades que contienen el Manual 

del Instructor. 

Después de jugar 5 ó 1 O vueltas del juego básico CLUG, la mayoría de los j~ 

gadores tiene ya una idea clara de ·la secuencia del juego y está capacita:lo para -

juga·r por s( mismo. Una cuidadosa revisión del Manual del Instructor puede ayu-

dar en esta etapa de entrenamiento. Dependiendo esto del interés de los jugadores 

puede considerarse necesario, ya sea rcpetlr toda la carrera o bien sólo de partir 

de la 5a. o 6a. vuelta, En eslc punto, es a menudo conveniente que los t!qULpos eli 
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jan entre sí un gerente de juego quien h:=trá el papel del instructor. Et gerente, a 

su vez 1 deberá elegir un contador que registra las operaciones sobre propieda-­

des, los gravámenes y los impuestos. El equipo al qLJe pertenecen el gerente y el 

contador elegido.5 recibe, usualmente,· 6 mil por vuelta de los fondos de la ciudad. 

El gerente puede ser reelegido cada dos vueltas con facultades para nombrar uh 

nvevo contado~. 

Otras operaciones, más elaboradas y reales del gobierno de la ciudad pueden 

introducirse en el juego CLUG básico, particularmente- si se quiere p6ner- en pr~c­

t~ca otras formas de planeación o zonificación. En este caso, el experimento 1 pro 

porciona los mecan.ismos más apropiados. 

Contador: estudiante, o profesor adJunto, que ayuda a conducir el juego, llevan­

do un registro de la propiedad de los terrenos, la construcciÓn de edi­

ficios, el valor catastr .l, el estado financiero de la comunidad 1 etc. 

Edad de las construcciones y edtficios: estimación sobre la vida Útil de los edifi­

cios basados en la diferencia entre el número de la vuelta que se juega 

y el de aquélla en que fue construido el edificio. 

Valor catastral del terreno y edtficios: estimación del valor comercial actual del 

terreno y edificios, e! del terreno se ftja con base en el precio de c9~ 

pra del propio inmucl.Jtc: y de lüs propiedüdcs Ddyüccntcs. l!l vnlor• de 
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,. 

un edificio se establece toma,ndo como base su costo inicial de cons-

trucción, menos el 5% de depreciación por cada vuelta. 

Peso asociado: magnitud que refleja la interacción entre dos usos cualquiera del 
1 

1 

terreno, ~n una sola vuelta. Refleja' también el volumen y frecuencia 

de los movimientos que se efectuan, desde y hacia el terreno, en una 

unidad de tiempo. 

Grandes almacenes: r~presentan en el juego CLUG, el uso del terreno destinado 

a establecimientos comerciales altamente especializados, y que gen~ 

---------~r_:a:_:_l:..:.m~e~n--'-t_;:_ce=------.cs~e~i~n~_talar:Ler:'l-los-grandes-centr-osae po5lación, ya que re-

quieren de un volumen de clientes mucho mayor que el de una tienda 

local. 

Déficit o superávit de la comunidad~ estado financiero de la comunidad al final de 

cada vuelta. Existe superávit cuando el monto de los impuestos colee;_ 

tados para una vuelta, excede del correspondiente de los gastos de la 

comunidad en dicha vuelta. El déftcit resulta cuando los gastos -son ~ 

, -

yores que los impuestos cobrados. Tanto el superávit como el déftcit, 

si existen, se acumulan al déficit o superávit proveniente de las vueltas 

anteriores, para aclualtzarlo. 



-32-

LÍmite del pasivo: e1 pasivo máximo en que puede incurrir una comunidad en té~: 

minos de su déftcit aci.Jrnulado. Usualmente, este l(mite le fijan las-

autoridLdes de la cit.~ dad, como un porcentaje del valor catastral de t2 

das las propiedades durante los Últimos años. En CLUG, dicho lÍmite 

es e1 1 O% del valor catastral correspondiente a la vuelta anterior~ de los 

tn,·nuebles de toda 1., comunidad. 

Contratación de emp1eos: corresponde al período en que los propietarios de indu.::_ 

trias o tiendas solicitan empleados, y en que, a la vez,· los jugadores 

que poseen residencias, buscan empleo. Ambos sectores celebran -

acuerdos sobre ·la ocupación del personal, los que regirán hasta la --

prÓxima vuelta divisible entre cinco. Sin embargo, en ciertos exper-i . -
mentes, este término es menor. 

Mercados externos: S<tios que quedan fuera de la comunidad CLUG y del tablero 

y que adquieren productos manufacturados a las industrias con~trui-

das durante el juego. Salvo en un experimento, estos mercados sqn-

ilimitados e inmodificables, y no se ven afectados por las acciones de 

los jugadores. 

Gran industria: propiedad destinada a la producción de bienes que se venden, in-

cluso, a las economías extet~nas. 
1 
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Director del Juego: instructor, profesor adJunto, o estudiante que dirige las acti­

vidades del juego. Anuncia; por ejemplo, los pasos sucesivos y el es 

tado financiero de la comunidad. 

Tienda local: propiedad destinada al comercio no especializado, y que realiza ven 

tas al menudeo de los productos de consumo local, y que requiere una 

clientela menor que la de los grandes almacenes. 

Caminos principales : carreteras con altas especihcacwnes, y usualmente con --

accesos controlados en los puntos que designa el director del jueg,~o~-=--------

0 las instrucciones del experimento, y que tiene, por lo general, un 

valor pesado de 1/2. Se usa sólo en contados experimentos. 

Valor pesado: C"ifra que representa, en térmtnos relativos, la eficiencia y costo 

de transporte a lo largo de u~ tipo d.e camino. As( los números 1 y 2 

constituyen la relactón entre el valor pesado de un camino principdl y 

otro secundario, en la mayoría de los experimentos. El valor pesado~ 

multiplicado por el peso asociado, nos da el costo de transporte a lo . 

largo de una distancia unitaria del CLUG. 

Oficina: representa el terreno utilizado en servicios administrativos, conta­

bles y directivos, prestados a otros negocios. 
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Predio: porción de terreno cot"respondiente a unu manzana. 

Pequeña industria: el terreno ocupado por una industria de importancia, dirl!~n­

sion~s y eficiencia menores que las de la gran industrJa 

Paso: declaración que hace el jugador de un equipo, rehusándose a construir 

o demoler, en esa vuelta. 

Caminos prtncipales:· aquéllos que tienen, en ger"''eral, accesps a todos los predios» 

y localizados por 1 Íneas particularmente señaladas en el tablero, Us~al 

mente tienen un valor pesado de 1 . 

ReconstrucciÓn: renovación de un edificio construido en vueltas anteriores, pagp.n­

do al Banco o al Director del Juego una suma equivalente a su deteri~ 

ro, reduciendo así las probabilidades de perder el edificio al jugar los 

dados. 

Unidad residencial: concepto que representa tanto las habitaciones como 1~ fuerzp, 

de trabajo que las habita. Pueden construirse para densidad~s que flu~ 

túan entre R 1 y R4 . 
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Caminos secundar¡ os: denomtnación que s~ da a las v(as urbanas y caminos de 

segundo orden, y que sirven, principalmente a las zonas residencia-

les, para sus compras locales. Tienen un valor pesado de 2, 3, y 4, 

según. los fines del experimento. 

Fijación de precios: en este paso 1 los propietarios de las tiend~s y oficinas re-

cientemente construidas anuncian los precios de sus almacenes, mis 

' , mos que regtran hasta la siguiente vuelta divisible entre cinco, ~l 

monto de dichos precios se fija tomando en cuenta la competencia 

-existente o potencial -y la magmtud del mercado futuro al que pue 

dan atraer dichos precios. 

Pasos del juego: secuncia de los acontecimientos que ocurren dentro de una vuel 

ta del juego. Todas las actividades de una vuelta deben coincidir con 

el paso correspondiente. 

Equipo': uno 1 o más Jugadores que operan conJuntamente, y que tienen los mis 

mos intereses económicos y polÍticos dentro de la comunidad. 

Terminal: el punto hacia el cual se re mi ten los productos manufacturados por la 

grande y pequeña indostria, para ser transportados y vendidos en el -

exterior. En algunos expertmento's, un tablero puede tener más de una 

terminal. 
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Costo ael transporte: el costo 1nherente al transportar de personas o mercan-

cía~ de un terreno a otro dura('lte una vuelta. Se calcula de acue~do 

con el tipo de transporte r·eqL'erido por cada uso del terreno, en re-

·lación con el correspondiente peso asociado, considerando el núrne-

ro de unidades de distancia recorridas. Este se mu'l tiplic,a por el v~ 

lor pesado del camino que se emple para cada transporte, 

Tasa de impuestos: cifra que que 1 multiplicada por el valor catastral de los pr·e 

.dios de un equipo, determina el monto de los impuestos qye éste qeb::_ 

rá pagar en cada vuelta. Usualmente se representa como un porcenta-. . 
je, o como una cifra determtnada por cada millar del valor cq.tastral. 

Por ejemplo, una tasa de impuestos del S% equivale,a 50 por cada m~ 

llar del valor catastral de un inmueble. 

Distancia unitaria: la distancia existente entre dos esquinas de un predlO, s'iguie:! 

do las lÍneas del tablero. 

LÍneas de servicios pÚblicos: 1 Íneas de transmisión o conducción construidas para 

la comunidad, con los fondos pÚblicos, y que proporciona los servicios, 

indispensables para el desarrollo urbano, como son: suministro de agua, 

drenaJe, policía, protección contr,a incendios, etc, Estas líneas de se!' 

vicio estarán conectadas ·con la central correspondiente. 
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Central de servicios pÚblicos: las instalaciones, de propiedad municipal, que --

proporctünan los servicios pÚbltcos a las l (neas respectivas. En alg':., 

nos experimentos, las centrales de servicios son construidas por pa!:. 

ticulares. 
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VlVZSZON VE ESTUVZOS SUPERI~RES 
FACULTAV VE lNGENlERlA, UNAM 
SECCTON VE PLANEACION 

JUEGO PARA LA SZMULACTON VE SISTEMAS URBANOS 

NO. 
TIPO VE· INVERSION COSTO VE CONS GANANCIA POR VES 

TRUCCION A !V O vos 
Gran Industria 96 000 48 000 

Pequeña Industria 48 000 22 000 

Supermercado 24 000 * 
Gran 1\.lmacén 24 000 * 
Oficina 36 000 * 

Residencia Sencilla 12 000 6 000 

Residencia Doble 30 oco 12 000 

. Residencia Triple 48 000 18 000 

Residencia Cuadruple 72 000 24 000 

El Ingreso por TL, GAyO dependen del n'O.mero de clientes·­
obtenidos y el precio cargado. Un ingreso b1uto de $10 000 

VE U NI VA-
VE EMPLEA-
NECESARIOS 

4 

2 

1 

1 

1 

$15 000 puede ser supuesto antes de que esas unidade~ operen. 

PRECIOS TOPE 
SALARIOS . SUPER GRAN 
POR A~O MERCADO ALMACEN OFICINAS 

24 000 4 000 

12 000 2 000. 

6 ÓOO 1 00·· ~ 

6 000 1 000 

6 000 

2 000 1 000 

. 
4 000 2 000 

6 000 3 000 

8 000 4 000 



VIAJES DESDE: 

Industria Pes"ada ( GI ) 

Pequeña Industria (PI ) 

Tienda Central o Supermercado 

' * Residencias por unidad ( RI ) 

* 

VIVISION VE ESTUDIOS SUPERIO~ES 
FACULTAD VE INGENIERIA, UNAM 
StCCION VE PLANEACION 

JUEGO PARA LA SIMULACTON VE SISTEMAS URBANOS 

COSTOS VE TRANSPORTÁCTON POR CUADRA AL A~O 

VIAJES HACIA: 

CENTRAL OFICINA EMPLEO COMPRAS ( TL ) COMPRAS ( Gl,) 

$4 000 $ 400 

$2 000 $ 200 

S 100 

$ 300 $ 200 $ lOO 

Para R2, 'R3 o R4, multiplicar por 2, 3 o 4, respe::ctivamente. 
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COl\II:M.UNITY 
CLUG 

:FINANCIAL 
'h)Uild Total Utility Social Service Debt Total Total Round 
',!~m~ be~ Commun·ity Costa costa Serv1ce Cornmunity Taxes Sur plus 

Asaessed @ t2,000/nell @ $1,000 @ 10% Costa Raised or 
Va1ue @ 1 OOO/o1d per res1dent1al previous Def1c1t 

1t new cost unlt def1c1t 
ff Old cost 1f un1ts coat 

1 

2 

3 
1 .i r=- ! 

' 
4 

5 
~ 

6 1 
. 

7 

1 
d 

¡ 

i 9 

~ 

! i 

o 
l 

1 1 

2 

' ¡ 3 
i 

4 

5 

.... . 
: 

ó ¡ 

~ J 

1 
7 

' l 8 

l~ . . 

STATUS 
Cumula ti ve Debt :.:ebt 
Surp1us L1m1t as % 

or @ 10% of of 
Deficlt Afisessed Debt 

Value L1m1t 

. 

1 1 
~ 

. 

' 

1 

. .. =,.,: 
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QLRECTORIO DE ASISTENTES Al CURSO: MODELOS DE SIMULACION PARA LA PLANEACION 
1 NTEGRAL DEL USO DEL SUELO Y EL TRANS:PORTE (DEL 23 AL 28 DE ENERO DE 1978) 

NOMBRE Y DIRECCION 

1 - ING. ABEL AGUILAR ARELLANO 
Pascual Luna No. 21 
Tezoyuca 
Edo. de Méx. 
Te 1. 

2.~ ARQ. FCO. JAVIER AGUILAR LOPEZ 
Nicolés de León No. 125-A-5 
JardTr. Balbuet"a 
r~éxlco 9, D.F. 
Tel. 552-55-55 

3.- ING. FRANCISCO JOSE ALVAREZ CASO 
Ricardo Polmerin No. 11 
Col Guadalupe lnn 
Méxfco 20, D.F. 
Te 1 • 6 5 1 - 4 3 - 96 

ING. ENRIQUE BUENDIA PINEDA 
Benito Juárez No. 3 
Col. Sn. Pablo Tecalcu 
Edo. de Méx. 
Te l . 

5.- LIC. ARTURO CALDERON ZUGASTI 
Av. Lomas· Anáhuac 
Col. Lomas Anáhuac 
Edo. de Méx. 
Tel. 511-24-14 

6.- ARQ. LETICIA CAVAZOS GARZA 
Mon'te Albán No. 199 
c·ol. Narvarte 
Méx'i co 1 2 , O. F. 
Tel~ 521-80-72 

7.- ANGEL CERVANTES VELAZQUEZ 
Paseo del Faisan No. 194 
Col. Lomas Verdes 
Naucalpan, Edo. de Méx. 
Tel. 572-72-50 

EMPRESA Y DIRECCION 

S.A.H.O.P, 
lnsurg~ntes Sur# 1443-2o. Piso 
México 12, D.F. 
Te 1. 563-80-76 

DELEGACION VENIJSTIANO Ci\RRANZA 
Av. Feo. Del Paso y Troncoso 
Esq. F.S.7. Oe Mier 
Col. Jardtn _Balbuena 
Tel. 768-32-77 

• 

S.A.H.O,P. 
Insurgentes Sur# 14~3-2o. Piso 
Méx i e o 1 2, O. F. 
Tel. 563-80-76 

DIRECCIO~ DE DOCUMENTACION Y ANA 
LISIS DE LA S.P.P. . 
Av. José Vasconcelos # 221-So.P. 
Col. Sn. Mlguel Chapult~pec 
México 18, D.F. 

DIAMAT ARQS. CONSULTORES, S.C. 
Emerson No. 150-202 
Col. Polanco 
Méxiéo 5, D.F. 
Tel. 250-07-67 

INST. DE ACCION URBANA E INTE­
GRACION SOCIAL 
Parque de Orizaba No. 7 
Naucalpan, Edo. de Méx. 
Tel. 576-58-39 
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.DlRE.C.IOR 1 O DE AS 1 STE NTE S AL CURSO: MODELOS DE S 1 MU LAC 1 ON PARA UX 'PLA NEAC 1 Oi'J 
INTEGRAL DEL USO DEL SUELO Y EL TRANSPORTE (DEL 23 AL 28 DE ENERO Q~~-

NOMBRE Y DIRECCION 

8.- ARQ. EFREN DE GORTARI RABIELA 
Viena No. 271-4 

9. 

Co 1 • Coyoacé n 
México 21, D.F. 
Tel. 534-13-53 

ING. ARQ. P. ALBERTO FRIAS RODRIGUEZ 
Av. Alfonso No. 86-10 
C o 1 • A 1 amos 1 

México 1 3 , D.F. 
Tel. 538-29-13 

10,- SAL~fiEL GARCIA CHAVEZ 
Ca.lle 311 No. 320 Altos 
Col. Nva. Atzacoalco 
Méx! e o 1 4, D.F. 
Tel. 781-79-14 

11.- ING. FERNANDO GIFFARD SANCHEZ 
Privada DTaz Mirón No. 22 
Col. Nexti tla 
México 17, D.F. 
Te 1. 54 7-08-50 

12.- ING. HECTOR A. GONZALEZ COSIO ZENTENO 
Av. 11 Poniente No. 704 
Puebla, Pue. 
Tel. 42-13-70 

13.- ING. PABLO GUZMAN ZACAPA 
Félix Berenguer No. 126-ler. Piso 
Col. Lomas Virreyes , 
México 10, D.F. 
Tel 540-72-20 

14.- 1 NG. ROBERTO HEATLEY CORTES 
Augusto RodTn No. 358-Depto. 307 
Col. Nochebuen&, Mix. 
Méx i e o 1 9, D.F. 
Te 1 • 5 98- 1 6 - 3 5 

EMPRESA Y DIRECCION 

S,A.H.O.P. 
Dr. Barrag~n No. 779-Bo. Piso 
Col. Narvarte 
México 1 3; D ~F. 
Tel. 590-44-01 

FIDEICOMISO LAZARO CARDENAS 
Miguel Angel de Quevedo No. 276 
Col. Coyoacán 
Méx i co 1 3 , O • F. 
Tel. 554-11-45 

DELEGACION VENUSTIANO-CARRA~ZA 
Feo. del Paso y Troncoso 
Esq. F.SoT. De Mier 
Col. Jardrn Balbuena 
Méx i e o 9, D.F. 
Tel. 768-32-77 

SECRETARIA DE COMUNICACIONES Y 
. TRANSPORTES 

C e1n t r o S o C • O • P • 

S.A.RoHo 
3 Sur No. 1501 -6o. Pi so 
Puebla, Pue. 
Tel. 43-80-27 

1 NA R C O S o C o 1 N G S o Y A R Q S • 
CONSULTORES 
Félix Berenguer 126-ler. Piso 
Co 1. Lomas Vi r reyes-
Méx i e o 1 O, D.F. 
Tel. 540-72-20 

S. E. F ;1 • 
Palacio de Minerla 
Tacuba N6m. 5 Mezzanine 
Col. Centro 
Méx i e o 1 , O. F. 
Tel. 512-33-53 
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NOMBRE Y DIRECCION 
----·~~~~~~~ 

15.- ARQ. EDUARDO HERNANDEZ GONZALEZ 
Misión Sn. Javier No. 81 
Col. Jardines de Bulevares 
Méx i e o, D.F. 
Te1. 562-18-oo 

16.- GUSTAVO HERNANDEZ 'LOZANO 
Sacrificios No. 12 
Col. Tlalpam 
fv1éx i co 2 2, D.F. 
Tel 573-28-31 

17.- ARQ. MANUEL LAMA GUAGNELLI 
C h o 1 u 1 a No. 1 O 7 

1.-

Col. Hipódromo Condesa 
México11,.D.F. 
Tel. 515-57-28 

ING. ERNESTO LARA ROMERO 
Amores No. 1432-8 
Col. Del Valle 
México 12, D.F. 
Tel. 575-71-41 

19.- MAT. YOLANDA LAZO TISCAREÑO 
Zempoala No. 295-204 
Col. Narvarte 
México 1 2, . D.F. 
Tel. 563-80-76 

20.- ARQ. CARLOS BENJAMIN LUNA 
Los Pi nares No. 11 8 

--------

Col. Centro America 
San Salvador 
Tel. 257-38-82 

RTO MARTINEZ GUERRERO 
de Alarcón No. 3 
i t o D rama t u r g os 

EMPRESA Y DIRECCION 

1 N F O N A V 1 T 
Barranca del Muerto No. 280 
México 20, D.F. 
TEL. 

S.A.R.H. 
Paseo de la Reforma No. l07 
México, D.F. 
Tel. 566-06-88 Ext. 132 

U. N. A. M. 
Ciudad Universitaria 
México, D.F. 
Tel. 399-27-95 

S.A.H.O.P. 
Insurgentes Sur 1443-2o. Piso 
México 1 2 , D.F. 
Tel. (575-71-41) 563-:80-76 

S.A.H.O.P. 
Insurgentes Sur 1443-2o. P1so 
México 12, D.F. 
Te 1. 598-00-23 

GARCIA Y ASOCIADOS 
2 Ave. Norte, Edificio Mur11 lo 
San. Salvador 
El Salvador 
Te 1 • 2 2 3 -72 2 

CENTRO REGIONAL DE CONSTRUCCIO 
ESCOLARES PARA AMERICA LATINA 
CARIBE 
Aud i torio Nac i o na 1 r/ 

Méx i co. D. F. 
Te 1. 



NOMBRE Y DIRECCION 

22.- ARQ. JUDITH LEONOR PADLOG 
Rincon Del Bosque No. 8 
Puebla, Pue. 
Tel. 428693 

23.- ING. JOSE FRANCISCO PONCE CORDOVA 
Sur 77 No. 254-1 
Co 1 • Si na te 1 
Méx i e o 1 3 , , O. F. 
Tel. 581-08_-08 

24.- MA. NELLY RANGE[ GUTIERREZ 
Fausto Nieto No. 29 
e o 1 • p. E • Ca 1 1 e S 
México 17, -D.F. 
Tel. 547-17-30 

25.- EDUARDO REED M. 
Mazatlán 61-1 
Col; Condesa 
Méx i e o 11 , D.F. 
Tel. 553-60-93 

26.- ARQ. ALEJANDRO RESENDIZ BALLESTER 
Donatel1o 25- 304 
Col. Mlxcoac 
Méx i e o 1 9, O. F. 
Tel 563-80-95 

27.- ALEJANDRO F. RODRIGUEZ SOLANO 
Miraflores No. 39-Depto. 25 
Col. Porteles 
Méx i e o 9, O. F. 
Tel. 723-31-43 

1 NG. 1 GNAC 1 O ROSAS 1 BARRA 
17 Poniente No. 1719 
Pueb 1 a, Pue. 
Tel. 438139 

........... 

PARA LA PLANEAC~ON 
NERO DE 1 9 

EMPRESA Y DIRECCION 

UNIVERSIDAD AU~ONOMA DE PUEBLA 
Ca 11 e 4 S u r No. 1 04 
Pueb la , Pue. 
Te 1 • 

ESTUDIOS DE INGEN!ERIA Y 
PLANEACION, S.A. 
Paseo de la Reforma No. 2165 
Col. Lomas Chapultepec 
t--1éx i e o 1 O, O. F. 
Te 1 • 5 96 - 2 9- 7 7 

DELEGACION VENUSTIANO CARRANZA 
Feo. Del Paso y Troncoso 
Esq. F.S.T. De Mier · 
México 9, D.F. 
Tel. 768-32-77 

MONWMENTOS COLONIALES 
Plaza del Convento Churubusco 
Col. Churubusco 
Méx i e o, D. F. 
Te 1 • 

S.A.H.O.P. 
Insurgentes Sur 1462-3er. Piso 
Méx i e o 1 9, D.F. 
Tel. 563-80-95 

S.T.C. METRO 
Delicias No. 67-5o. Pise 
Col. Centro 
Méx i e o 1 , D.F. 
Tel. 521-86-20 

UNIVERSIDAD AUTON 
4 Sur No. 1 04 
Puebla, Pue. 

o 
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DIRECTORIO DE ASISTENTES AL CURSO: MODELOS DE SIMULACION PARA LA PLANEACION 
INTEGRAL DEL USO DEL SUELO Y EL TRANSPORTE (DEL 23 AL 28 DE ENERO DE l978) 

NOMBRE Y DIRECCION 

29.- ING. ENRIQUE SALCEDO MARTINEZ 
Monte Alban No. 37 
Col. Narvarte 
México 12, D.F. 
Tel. 519-66-47 

30.- ING. JORGE SILVA MIDENCES 
Bolívar No. 745-104 
Col. Alamos 
México 13, D.F. 
Tel. 579-79-90 

31.- 1 NG. ARQ. MORTIMER H. TAPPAN COPPEL 
Av. 1 nsurgentes Sur No. 1677-110 
Col. Sn. José Insurgentes 
México ZO., D.F. 
Tel. 524-23-69 

~2.- ING. MAURA J. TREVIÑO T. 
Arteaga No. 1526 Ote. 
Col. Centro 
Monterrey, N.L. 
Tel. 754-66-8 

EMPRESA Y DIRECCION 

S.A.H.O.P. 
Li ve rpoo 1 No. 3 
Co 1. Ju~ rez 
México 6, D.F. 
Te 1 • 5 92-2 2-3 9 

S.A.H.O.P, 
Dr. Barrag~n No. 778-8o. Piso 
Col. Narvarte 
México 13, D.F. 
Tel. 590-49-01 

BANCOMER, S.A. 
San Juan de Letran 13-13 Piso 
Col. Centro 
Mé x i e o 1 , D . F . 
Te 1. 521 -79-82 

U N 1 VE RS 1 DAD AUTO NOMA DE NlJEVO LETh 
C.U. San Nicolas de las Garzas 
Nuevo León 
Tel. 52-28-78 

)1 
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