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SUMMARY

DRAM forecasts the spatial location of employed residents based oﬂ
place of work, zonal land use patterns, zonal incomec distributions, and the
zone-to-zone travel impedances, In addition, land use patterns are updated,
and the work to home, home to shop and work to shop trip matrices are
cstimated. \

DRAM is meant to be used with a trip assignment moqel as part
of an iterative procedure to forecast future locations of urban acrivities
and traffic patterms. It can; howgver, be used without this interconhection.

Input Requirements - DRAM requires a basic employment forecast,
the base year distributions of iand use by zone and income distribution by
zone, and an impedance wmatrix for the forec;st period. The basic employmentc
forecasts must either be obtained exogenously or, if possible, forecast
us ing EMPAL, Data on land use and income distributions must be obtained
from published or survey data for the base year, but later runs of DRAM
in a forecast series can use cutput from previous DRAM runs. The impedance
matrix can be obtained either from observed data or a trip aésignment model
for the base year, but future impedance 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 CALIE, '

Ouéput - DRAM outputs two files to mass storage and prints several

reports. The files on mass storage arc land use, income distribution and

service employment, and the trip matrices,



Reports printed are the input data, land consumption coefficients,
the intermediate calculations in the household allocation procedure,
final population and Jand use measures, and a Sunmary'of trips originating
and arriving in each zone.

Operation - The opgratian of DRAM consists of 3 parts; data input,
res jdential allocation, and land consumption and trip genération.

Data input is done in the main routine and an input subroutine.
Base year l;nd use and income data, and a basic employment forecast are
read, and land consumption factors are calculated. The household alloca-
tion procedure is a three step process. First an initial allocation is
made uéing the base year data, With this initial allocation, a forecast of
retail employment location is made. Then a second household allocation is
made using the new retail employment location, Land consumpfion and trip -
generation are performed last, Land is consumed based on the allocation
of residents and previous density. Commercial land is coﬁsumed based on
commercial employment and previous commercial density. Trips are gener;ted

using probability matrices from the residential and service employment

allocations,
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2UPOKTS

2

What is shown below is the title of each report, headers and

the first line of output.

1, Size and parameter data

100 ZONES

30 INTERVALS IN PROBABILITY FUNCTION 3 MINUTE INTERVAL WIDTU

PRINT OPrION 1

TITLE
RETAIL TRADE COEFFICIENTS
10.0
5.0
PARAMETERS
STRATUM LAND USE AND IMPEDANCE
! 1.05 -.45 .77 "1.24 0.0

The parameters are in order:
1,2 - impedance parameters,

3 - residential land area,

INCOME DISTRIBUTION

2,22 1.11 -,6 -1.71

4 - percentage of developable land which has becen developed,

5 - vacant land,

6 - attraction to income group 1
7 - attraction to income group 2
8 - attraction to income group 3

9 - attraction to income group &4

CONVERSTON MATRIX
0.319 0.297 0.126 0.258
0.15¢9 0;192 0.168 0.481
0.133 0.133 0.190 0.544

0.318 0.295 0.125 0.262

note: This matrix converts cmployment by type to cmployment by income
group. The entry 0.297 indicates that 29,7 percent of the employces
in cmployment group 1 arc in income group 2.
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2, Base year data

BASE YEAR--TIOUSENOLD DISTRIBUTION

JIOUSENOLDS " TOTAL RESIDENT GROUP QTRS LEMPLOYED NONWORKING TOTAL
1 2 3 4 JIOUSENOLDS POPULATION RESIDENTS POPULATION POPULATION POPULATION

873 344 134 78 1429 7500 979 1429 6071 8479

BASE YEAR--LAND USE ACTIVITY

TOTAL UNUSEABLE STREETS, VACANT TOTAL
LAN! TARD HIGHWAYS BASIC RETATL. RESIDENTTAL AVAILABLE AVAILABLE

1 705 83" 205 250 108 56 3 417

IMPEDANCE MATRIX, UP TO FIRST 20 ENTRIES
1 66 272 250 249 265 193 257 152 92

2 171 343 266 251 177 123 205 116 181

BASE YEAR-- EMPLOYMENT DISTRIBUTION

BASIC EMPLOYMENT TOTAL RETAIL EMPLOYMENT TOTAL EMPLOYMENT
1 2 3
10 21456 7771 29237 10988 40225

LAND CONSUMPTION
RETATL RESIDENTTIAL

.006 . .003

note: .006 indicates that for each retail employee, .006 wiits of
land are required.



3. Forccast year data

FORECAST YEAR--1TOUSENOLD DISTRIBUTION

HOUSEHOLDS TOTAL RESIDENT GROUP QTRS EMPLOYED NON-WORKING (con
1 2 3 4 HOUSEHOLDS POPULATION RESIDENTS POPULATYON POIULATION
57245 45429 28820 23102 157792 620580 979 154597 465682

TOTAL POFULATION

621559
FORECAST YEAR--LAND USE ACTIVITY
TOTAL UNUSEABLE STREETS, BASIC RETAIL RESIDENTIAL VACANT TOTAL
IAND  LAND HIGHWAYS TAND  LAND AVATLABLE AVALLABLE
705 83 205 49 2067 101 0 417

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

FORECAST YFAR--EMPLOYMENT DISTRIBUTICN

BASIC EMPLOYMENT TOTAL RETATL TOTAL
1 2 3 EMPLOYMENT EMPLOYMENT
0. 21456 7771 29227 240525 269752

4, Trip distribution

TRIP GENERATION

WORK TO HOME WORK TO SHOP HOME TO SHOP
389785 155228 30724).

TRIPS FROM ORIGIN ZONES TO FIRST 9 DISTRIBUTICN 7ZONES

1 53314, 20374, 10554, 5185. 6191, 12170. 7268, 11952, 41342,

TRIP ORIGINS " TRIP DESTINAL1ONS

WORK-NIOME ~ WORK-SHOP  HOME-SIIOP WORK-HOME  WORK-SHOP  LOME-S[IOP
1 91196 36318 41197 42348 36445 7407¢

TOTAL TRIPS £52351



™ addition to the reports above, there are 2 optional reports which
may be printed if parameter IPRNT=1, They appear betwcen the Land consumption

report and the Forecast year = household distribution report. They are:

INTERMED JATE ALLOCATION Of RESIDENTS
1 5437 39674 23633 19548

PROBABILITY OF TRAVEL FOR 3 MIN, TIME yNTERVALS PROBL-BETA = 5.0
.1997 . 2598 <1471 .0904 .0606

MESSAGES FROM DRAM

DRAM prints only two messages, both in the main program. These
messages concern the amount of the array area requested compared to the amount
available, They are in the following form:

Main Program Array M Allocated XXXX words, uses YYYY
Main Progrvam Array NU Allocated VVVV words, uses WWWW
If either YYYY is greater than XXX or WWWW grecater than VVVV the program will

stop. Otherwise the messages are for information only.

FILE ‘TABLE

- The files below are used for sintermediate data storage during
execution,
File name DD Name Contents
ITLUPIV, WIJIOME FTO2F00L Probability matrix of work to home trips
ITLUPIV. IDMSTOP FTO8F001 Probability matrix of homec to shop trips

ITLUPIV, WKSIIOP T'TO9F001 Probability matrix of work to shop trips



The files below are input files for DRAM. Some of the flles

described way be in card input for the sample problem but should be on mass

storage devices for applications.

File Name

Optional

Optional

Optional

File Name

Optional

Optional

KEYWORD TALLI

Keyword
N

NINT

NG

NK

DD Name Function
FLO4T001 Basic employment and basic land use

foreccasts,

FLL1reol Base year land use and dincome distribu-
tion data.

FT12T001 Impedance matrix

The following are output files:

DD Name Funchtion
FI131r001 Matrix of origin to destination trips,

to be used in trip loading proccdure,
FTL4TF001 TForecast year land use and income
distribution data. %o be used in next

iteration of projection package.
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Dimension Paramet:ers

Type Valuc or Purpose
X Number of zones in arca,
I Number of intervals in retail allocation
function.
I \ Interval width, retail allocation function.
X Rumber of income groups,

I Numbex of employment groups,
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Keyvord Type Purpose

EAMPRO R TForccast volume of retail cmployment,

PROPOP R Projected population total,

iﬂ! R - Total work to home trips,

s R Total work to shop trips.

ns R Total home to shop trips.

Mathematical parameters
CNV R TFactors to convert employment by type to
) employment by income group.,

PLT R Land use and impedance parameters of
residential allocation fuanction.

PID R Income distribution parameters of rctail
allocation function,

2(1) R Impedance factor, work to shop trips

B(2) R Impedance factor, home to shop trips

Other

TITL A Run title

PPI R Factor to scale employment, uscd in policy
testing.

IPRNT I ‘ Print option.

0 - Omit intermediate reports
I -~ Print intermediate repoiris

. e oy S e = S T G TR G G G et B S G g PO G e Be R e G G D SO P T G G A G2 b P Gy B e e e S G o Rt S SO M T G e e e S B AP S Ee G G G Gt e v B S S g e



CORE REQUIRTMENTS

Core required for an executicn of DRAM is a function of program

gize and array size., The array size in turn depends on the number of zouces

P

. ] . . Z

in the areal system, The formula for the required array size is N -+ oN+
2

where N is the number of zoncs., The program length is 50796 bytes of core,

Thus, if there are 100 zones in the areal system, the core requirecment is

) ,
100~ + 60 (100) + 200) X (4) + 50796. This is equal to 95596 bytes. Tn

- _
applications, it is wise to add 4K bytes to allow for buffer size,

T n e S s e s W e G M em W GO 43 G F G U G S G R M R S R e A S G e A (I G BB O U e W A O G GO G L S G BE AP T e B A N U DN SR G G e e e AR P e

EXECUTLON TIME

Execution time inecreases as the squarc «f the nunber of zoncs.

For a nine zone sample problem, execution totals 22 seconds of CPU time o
a 360/65, Tor a 291 zone application, exccutien time was 9 minutes CPU

time using a 360/65.

e e ey Sm e e A e GS PE e O L e W B R SR e LD e G S Se AR LD P W TR G i e B G m B D T Be D G L G G b e S RS GO W S em LR AN R OE R G W M en e

DATA TNPUT

Data Input - DRAM

Card 1 = Format 7 I 5

Variable

i
>

1 i = the nunber of zones
2 - NINT- the number of intervals in retail probability function
3 -« INT - dinterval width, rctail probability function

%4 - IRND- projcction round j.d. number.
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5 « IPRNT = print option for intermediate calculations
6 - NG = number of houschold groups

7 - NX = number of employment groups

Card 2 - Format r5,1
Variable

1) ~TITL- title ox run, o to 80 characters

Card 3-~ Format FS.l
Variable\

1) Beta (1)- impedance parameter, retail allocation function,
worksite demand.,

Card 4 - Format F5,1]

\
Variable

1) -Beta (2)~ impedance parameter, retail allocation function,
residential demand.

Card 5-8 - Format 5X, 5F10,5

Variable

1-5 PLT - Land use and transportaiion parameters, residential allocat ion
function, one card for each income group, 5 parameters per card,

Carxd 9-12 - Format 5X, 5r10.5
Varia'.le

1=t »m™ = income distribution parameters, residential allocation function;
1 card for cach income groupn, 4 parameters per card,

Card 13-16 - Format 4r10.5
Variable

1-4 Cnv = conversion matrix, converts employment by employment tyme to
employment by income group, Tour paramcters per card.,  (Note:
the following data may be input from cards or mass storage
devices, The documentation listed here is for the 9 zone sample
rroblem), -
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A ! )
File 11 -1 record per zome. - . (;’ -
Variable
1 - zone ID

2.5 - H =~ employed residents in cach income group
6 - AP ~ population
7 = TEPR - totai emﬁloyed residents
8 = GQPS - Group quarters ﬁoéulation
9 - AU - housing units .
J0 - TAA - total Jand arca
11 - AU - upnusuable land
12« AAAB - land used for basic employment
13 « AAC - land used for commercial cmployment
14 - CAAR - residential land
15 <« AAV -~ total useable land
16 - A9 < streets and highways land

17 -~ AVI ~ vacant land
18

Tile 2 - 1 record per zZone. =

IMP(I1,4) - base year service employment
AR !

Variable

1-9 - impedance from each zone to esch of the other zones

/o
/

File 4 - 1 record per zone. /7 Lo S
Variable

1-3 - EMP = employment in three carcgeories, basic employment forecast

« AAAB-~ basic land usec
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Card 17 Tormat 5X,3F10.0,T710.5

Variable.

1~ EIfR 2 ~ dummy variable

2 - EMIR 3 o dumﬁy variable

3 - EAMPRO - total service employment, target year

4 ~ PPI factor to increase or decrease total eﬁplbyment, used

' in policy testing

Card 18 - Format 5X, F10.0
Variable

1 - PROPOP - total projected population

Carxrd 19 - Format 3F10.0

Variable

1 - Total number of work to home trips
2 - Total number of work to shop trips

3 - Total number of home to shop trips
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CONSTRUCY

Urban employment iocation has frequently receved short
shrfe an simulanion studees. Although the lack of grod dara
is largely responsible for this, few attempts have been made
to develop o model framework which might kelp speaty
vwhat data were required. A review of prior urban employ-
ment modehing elfores 1s presented along wirl a classifying
princinle which heips ro clanfy the problems, and 4
structure for a comprelensive model 1s proposed Althuugh
it s not hikely chat the model can be implemented m the
near future, discussion of the structvre can, hopefully, lead
to further attempts to resclve the problems of wiban
employirent forecasung.

The processes which result in the spatial
distibution of employment in urban are
among the more important phenomena in the
urban system. To date, with the posaible exception
of the retail sector, attempts to exphicitly describe
these processes have rarely been successful. Many
attempts at urban modeling sidestep the issue by
assuming  that most or all urban employment
activity 1s determined exogenously (to the modet).
The basts for this separation is frequently not well
often being the result
the  modetbwlder about

arcias

of ntuitive
basic and

deveioped,
of
nonbasic employmenc characterizatiens. This arti-
cle reviews a number of the more mportant
modeling attemprs and suggests some appropriace
steps leading to improved torecasting ability.

The article 15 divided 1nto three main sections.

The tirse section discusses the problems of clas-
sitving employment types. Such a clussification s

feelings

miportant in discussing the adequacy of exnting
and proposed models of employment location and
growth. The second
models of intraurban employmenc locauon for
both non markeesensizive employment and tar-
employment. section
descuibes a suggested new mode!l of intraurhan
employment location which attempts to combine
fearures of existing models.

section  discusses exsuing

T 1

ket sensitive he thrd

Classification of Emiployment Types
A key decision, usually made early in employment
modeling efforts, is the determination of which
tvpes of emplovment are to be mduded n the
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WITITDELS: A REVIEW ARD A

Stephen A Putman

-

model, and of how they
Conecqucut?y, the Juestion of Lm}:lo} FenT types

are to he handied,

s cnticals depending on therr debinaions. some
sectors may he tnappropriately modeled or even
excluded trom consideranion. Many of these clissr-
fications stem from economic base theory and
mnplementation of economie base studies, and
such are detmed ir rerms of the industey’s ourput
Although s method
carly atrempts to model

st cdassiflication was quite

.u)ompx ace for urbar

cmployment behavior and was entirely consistent
with most other ecoromic analyses, « more rig-
orous and comprebiensive classification can and
should be attenpred. Previcus classifications have
also been based on observed locarional character-
1stics or on very speaific ateributes of a given sector
Surh

the

noa piven area. classifications, while an
"mprovement carlier
schemes m that they are based on
input characteristics, are stil! some
in scope. A new classification would be based an «
much though explicitly described,
exammation of mput requirements. This method,
m effect, produces a dassification based on pro-

which, ip

over ecconamic  hase
“indvserial”
whar restniceed

naore L"C!)Crd'

duction funcoon ateributes turn, relaces
to the theoretical construct on winch the model(s)

{are) based. One such scheme of employment
classification 1s discussed in Hamilton et al. (1066,
pp. H-1 -1-3¢}, and another, semewhat different
procedure is discussed 1n Rose (1968, p. 24). A
thid scheme, based {though not exphenly) on
procucticy

v . 4
tow rd tatravrhan analyses iy discussed below.

Qifferences n fuactions and onented

s asaumed that every ensploymcar cype
may be considered as performing three primary
activities' procuring; processimy; and distebuting
1948), then by chatactenzimg the ways in
which these functions are performed by different

oover,

types, some bases for classiticacion can be denved

For example, certam types of manufacturing -
requiring bulky inputs {procurement..)

which are best dehivered by rail eransport wii' be

dostries

. )
ikely todocate on a site near u radd termimal
T OULpILS may
example, good

sding, The narure of these nudusiries

require addrona! Tacihoes, for

AP JOUMANAL JULY 1972




access to main intercity highways. Another type of
manufzicturmg industry, having much smaller
(physical) mput requirements, might be most
mhuenced by relative case of access to the local
awport for priority shipment of 1ts outputs. A
research facility whose primary mput was skilled
abor might tend to locate in a suburban area
conventent to the employees’ residences.

The primary “activities fay be defined as
follows:

1. The procurement aspect includes every-
thing assoclated with obtaining the required
matertal inputs and  getang them to the
locatton where they are to be used.
2. The processing aspect includes all the costs
of pgrformlng whatever processing functlon
the employment performs. For example, in a
manu'acturing sector it would include costs
of land, labor, and capital for production. [n a
service sector, 1t would include the same costs
but would undoubtcdly be dominated by the
labor cost.
3 The distribution aspect includes all the costs
assoctated with the sale and delivery of the
product or function performed.

This classification scheme encompasses a wide
“variery of factors: for example, availability of
tabor, the cost of which presumably increases as
the supply of 1t decreases, and proximity to
markets, which 1s important to certain employ-
ment types because consumer behavior may dictate
huh distnbution costs for a production site located
tar from a market (that is, set of consumers) whose

members do not traditionally travel far to obrain

its SPCCI‘.IC product.

This classificavion is developed under the fol-
lowing conditional statement: If a facilicy (that s,
a group of employees) 1s to be located 1n a given
urban area, then these are the factors which will
determme 1ts locational preference. A preliminary
classiticanion scheme may thus be developed based
upon the procurement-processing-distnbuting
trichotomy. At the same tune, for each empioy-
ment type, 1t is also necessary to consider whether
any or all of these elements of actvity are
mtraurban location determinants. That 1s, to clas-
sify an employment type according to this scheme
it is first necessary to determine whether the

BIOGRAPHIC SKETCH

Stephen H. Putman 15 Research Invesngator, Department of City
and Regronal Planning, University of Pennsylvania, He heads the
Planning Saiences Simulation Laboratory, a research facility which
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the well known urban and regional simulation models Dr. Putmian
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ton studies and nas developed and tasted several such models.

PUTMAN

particular aspect of employment activity (pro-
curements, processing, or distribution) is of loca-
vional mmportance; then 1t must be determmed
f there are sub-area differences within urban arcas
which will affect the performance of this activiry.!

A Review of Existing Models
The following discussion assumes that the prob-
lem bemg addressed here 1s that of small arca
intraurban employment location and that aitywide
totals of each employment type are given. In
addition, it 1s assumed that within the urban area,
the size of the sub-areas being considered s
relatively small, being on the order of census tracts.
The first assumption has a substanual impact on
the nature of the problem. By restrnicuing the
problem to mtraurban location, interurban or
mterregional comparisons are obviated. That s,
many location decisions consist first of selecting a
region or a metropolitan area 1n which to locate,
and then of selecting a specific site within the
chosen area. The discussion presented here focuses
only on the latter part of the problem. The first
part of the problem is an important aspect of
regional employment models and 15 discussed
elsewhere (Putman, 1969, 1970).

A most important aspect of the proposed
employment classification scheme 1s the determma-
tion of mtraurban differences with regard to the
distribution aspect. This subset of the proposed
classification scheme refers to the location of
“markets” and the importance of their location to
the employment sector being considered. Existing
models of urban employment activity are fre-
quently classified by the scctors which they
attempt to model, for example, retail or manu-
facturing. The discussion above indicates that an
alternative classification of existing models can be
made by analyzing the means by which they
consider “markets.” Given this, there are some
employment types whose location within the
urban area will be muarket-sensitive and some
whose location will not. In many urban modeling
efforts, those types whose intraurban location
decisions are not market-sensitive have been
treated as being exogenously determined. In a few
cases, attempts have been made to model the
locational behavior of these types o, employmeus:.
These attempts have had some, alberr himited,
success but 1n all cases they have req'u1red substan-
ttal additional work.

In contrast to the few attempts at modeling
non-market-sensitive location, there have been a
number of attempts to model market-sensitive
intraurban  employment location. Employment
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scctors which 1 some scodios ey e Lot gl
non-market-sensitive, however, were cnngide
bemng marker sensitive in other studicy Al houyh
ths difference was sometimes due to diffarences in
geographic level of detail, in other cases i was due
to dfferences 1n INECTPretation or assumptions or
beek on the part of the modelbuilders, Typically
thiese models develop measures of the “retential
market™ Cor the secrars of meerest in each sub-areg
bema considered. The growth of ecuch sccror 1n
Cach suh-arca s then praportional (via more o Yoy
complen  functions) 1o (he Hhrkes  sotentia!l
meastre, A'though these models Tave mer wirhs

N 1
APCater success, wor- s needed here as wel

MODELS O NON-MARKE T-SFNSITIVE LOCATION
Firar ot must be recogrized ther the madels
Jicused Lore are not necessartly non i kersens:
tive o their constructs, rather, thev are considered
authors to be capable of producing
forvcases of nor-markeat-sensirive employmenc lo-
cation,

There are several chscusstons of the d ermant,

by then

of wmraurban plant and faulatlv focation o the
Htecature (Carrier and Schriver, 1968; McMrtan
1965; Stefannk, 19637, Towrroe, 1969}, Theae
studies were basically empirical erforts 1o decer-
 mine what factors locators consider ed irportant in
mahing the location decsion, Along with ocher
studies of a simidar nacure {Creamer, 1963: Fuchs,
1962, Luttrelt, 1962), they provide uselul informag.

ton leading to the formation of models, but rhey
are nouv themselves models of location,

A second body of literature focuses on various
mathematical Programm:mg  treatmenes of  ehe
problem  (Stevens and Coughlin, 1959; Cooper,
1963; Lefeber, 1958: Goldmuan, 1958). Although
these articles provide interesting theorerical frame
works tor speculation, the loss of rea'tsm mecurred
by !l,\rcing them to it the somewhat Festric vy
Mhear programming form makes them apera
vonally uscless. Goldman (1958, p 97} does not
hae intraurban location forccastmg 4y one of (e
posstble uses of his model. Speattically, the prob
lems here are the requirsd linearity of model
equations and the rather Iimited considerarion
of locavion deterninants other than transport cous

e lurgest class of meraurban employment
madels s that of the “contmuous funcrion alloca.
tton” models These models, with few excuprions,
have prinartly market-sensicive censtiucts; they are
mentioned here because they someumes inelude
non-marietsensitive employment types as wel' 4y
market-sens tive types. Onc  exceprion g5 'y
LINTA model (Seidman, 1969, pp. 135-138
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develsped to torecast the locanon ot manut.a.

tacng cmploymens (whieh 1, predommantly non
MARCE Soitive ) by smail wrew. This model firse
sureads the regional prowih are of 4 gven activaty
over ail sub arcas. Then, based on subarea speaific
meastres of “artractiveness,” the inodel reallocates
the growth to different subareas in Proporton to
theil attractiveness. Alchougl tests o* this madel
were moderarely stceeeful s higle fevel ot see-
roral averegatton  and s i::.nb\?f-:y 1 consider

discrete facthicy fogarion are inipor tant defictencres.
RRITUTS parocularlv the case Dor urban tugtons where
e econemie atinberes (thae g, deretimmants of
srowth ) of sab-areas are sethiccrdy sinnlar as 1o
restit v the model’s bang capabic of torecasting
only smga! regular changes o all sub-areas =ather
than che discrete irresular changes which so nfeon
ogeur,

Auvother contineous funcoon Mocation mode!
desiwned specificalty for farecasting non maeker-
sensitive t:mph)y!n_v'c 18 Nathanson's BEMOD. Thas,
raadel (for which o complete rechimea descripricn
v not avaslable) was developed by the Bay Areq
Transportanien Seady Commvssion o provide basic
employmene Mputs (o rierr PLUM population ane
NONHAs cnployment inode! (Bay Arca Transpor
tatton Stody Comnission, 1968). Based upon cer-
tam atirihures of cach sub-area, a4 sector temple,y
ment type) specific score or mdex 1s caleulated for
the sub-area, When ol sub-irea scores have heen
compured, e regionwide giowth or decline fo
cach employvment type s ellozared wo the subarieas
a5 a funcenion of the “seore” and avarlable land.
Excess allocations are handled by repeating the
procedure wich modihed land avarlubiheres (Stevens
and Wheaton, 1970, p. 35, Thiy model probably
suffers from the wune probivins as LINTA. while
performmy saincewhat beerer overall, bue Lk ot
publishied docamentation 1makes further evaluation
lm,‘nssi!)'c.

The EMPIRIC model s anothe
funcuen alfocation mode! (Hill, 1065), This model
LINTA model (wineh
wis chl()pccv from the EMPIRIC and PO
METEIC modd effores). Tha EMPIRIC modets

comseruct as desenbed by 1 i the tollowing way

continuoy”

18 simalar iy oponcnie to e

- T .
Tue clunge o the subrezional share of
iocdated vatable oeach SHOTCRION iy propoet

onal to eae, the o lenge i te subiegonal
i

weated variables il
region. owo, ehe chanee g che subregrcra!
e of @ number of locator varable fhe
S YA OF 4 numoper Qs TQCAEGT Yarta CN 1Y Lhe
subregion, wnd three. the value of the sub-
, .

regronat shares of aehior %ocoaroe vartahle,,
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The comments made above regardmg LINTA are
cquallv anplicable here.

The {

Lovwenstein mode!

comhines a trend-based analysis of industrial
sector growrh within districes i the Philadel-
Paa regron with an allocation techmque
based on the attractiveness of cach districe
refarve to al” other districes in the region for
cach imdustry under consideration.

-+« the enincal notion of this process 1s that it
ascertatns the importance of 4 number of
tocatronal determinants for a variety of indus-
trries as owe'l as che availability of these
decerminants in a number of arcas. The arcas
are ranked according to the degree to which
they  possess these characteristics and an
apportonment s made. [{Lowenstein, 1967,
pp. 3.6,

In t'iis mode!, which was never made operational,
the employment types are two-chgit S.1.C. classes.
The guestion of simultaneous versus sequential
locavron of different industry types 1s not discussed
in the model description, Instead, the problem 1s
bypassed by asswming that the location of cach
mdustry will be mdependent of the location of
each other industry. Each of the location factors
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was weighted according to its importance to the
locatmg mdustry. The model deals with allocation
of employment increases or decreases as a contin-
uous function allocation, and therefore there 1s no
constrat on the allocations except that of em-
ployment density by sub-arca. The absence of such
4 constraint presents the possibihty that over
longer projection periods this mode! may forecast a
untform density by industry types as the predomi-
nant characteristic of mdustrial location (although
operationally this may never occur). There 15 no
consideration n the model of the possibilities of
discrete facihty location. The useful aspect of this
model construct is the list of factors 1t postulaces
as influencing intraurban industrial location.? Al-
though 1t would not be useful to try to implement
this model, consideration of these location factors
for use i another model might prove rewarding.

In summary, some continuous function allo-
catton models are capable of producing reasoriably
good forecasts of non-market-sensitive employ-
ment location in some circumstances. However,
they are unable to deal with discrete facihey
location. This inabihty is hkely to be a significant
problem in dealing with non-market-sensitive em-
ployment types. When these models attempt to
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forecast significant changes m the locacen of
non-market-sensitive industry types, they are omen
to chis criticism. Thus, although these modeis are
capable of producing reasonable forecasts for
market sensitive employment types, as will be
discussed below, their capability to dJeal with
non-market-sensitive employment is restuicred to
situations where new or relocating facility location
s unlikely to take place and where growth or
decline {or both) are more or less regularly
drstribured.

The most promising models of non-market-sensi-
tive location appear to be those which attempt to
forecast discrete facility iocations. A few such
models have been developed, including one hy
Goldberg (1967).

Goldberg describes his model in the following
Way.' '

e} funcuions by dentifying for eaclh in-
dustry group a set of location factors 1t needs

"
- St

T "-“‘H“V_‘I v Y""WW
: '

e 070
-

i dinduiy & siwe. For cach site {in the case at
hand for each censis tract) the factors are
measured and added together to give a score
for each census tract for each industry group
The tract with the highest score for a grven
industry group receives a unit of employment.
The scores are then usually recalculated and
the allocation continves as zbove unal gl
projeceed employment is allocatod fp.or

In this model the employmens classes are 1 o=
SLCL classes aggregated into g m;muﬂacturmg
subgroups. One o the prablems of this type of
mode! 1 1ts sequential, rather than simultaneous,
treatinent of ndustry locanion. In ghis model
the problem s sidestepred by grouping the in-
dustry types 1n such a4 way that a different ser of
relevant location facrors (of a total set) can be
defined for cach. This avouds the problein of
competition between sectors by precluding . Ar
the same time, 1t vitiates the necd to weight the
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location factors because only the “relevant” fac-
tors are considered in any case. The mode! does not
provide for weighting of these factors, however.
The most serious problem with the model con-
struct 1s its umt of allocation. When there is a
predicted rcglomwde increase in a ngen employ-
ment type, the model allocates this increase to
sub-areas tn the region in clumps called “units of
empiovment.” Each umt is equal to the average
fac:ity size for that type employment in the
region. This method of allocation represents a
relatively unsatisfactory compromise between con-
tinuous function allocation (that is, any number of
emplovees of a given type to a sub-area) and
discrete facility location (that is, location of
discrete facilities in a sub-area according to a
known size distribution). This compromise is un-
satsfactory for two reasons. First, from the point
of view of theory, the model considers location
from an allocative (that is, continuous function
allocation) standpoint 1n calculating “tract” scores,
but then adopts a location (that 1s, discrete facility
location) standpoint by using clumps of employ-
ment (some of which might be quite large) as the
unit of allocation. Second, from a practical point
of view, the “lumpy” allocations of employment
which could result from this method may well
force " heavy reliance on arbitrary scaling or
smoothing procedures in order to produce reason-
able resu s,

Fina'ly, this model deals with employment
decreases in a rather peculiar fashion. The region-
wide percentage decrease for a given employment
tvpe ts multiphed by 1.2 (that is, 120 percent), and
a continuous function allocation of this decrease is
made, where the function used is a total activity
density index, weghted by the specific employ-
ment types, of the sub-area. An excess decrease of
20 percent results from the above. This excess is
then allocated back to the sub-areas as a 20 percent
regionwide 1ncrease of that employment type. This
proced ure 1mplies that those sub-areas which
wou'd grow the most :f a region’s employment of a
given type were grow:ng are also the ones that, 1f
the region’s employment of that type were de-
ciining, would decline the least. Although this is a
reasonable assumpuion, the documentation of the
mode! 1s unclear as to why this particular proce-
dure was adopted. Despite these shortcomings,
some of which stem primarily from data inade-
quactes, the model has been made operational and
has produced reasonable forecasts that have been
used as a part of the Bay Area Simulation Study
‘RASS. For these reasons, further and more
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detailed evaluation of this model is justified.
Another discrete facility location mode!, Put-
man’s INIMP model,

uses an allocation procedure for distributmg a
portion of projected citywide employment
changes (positive or negative) among existing
facilities and, upon reaching certain critica!
va'ues of the magnitudes of allocated in-
creases or decreases, switches to a location
technique for the addition or deletion of
facilities comprising the remainders of the
citywide projections. [Putman, 1967,
p. 203.] '

'n this model, too, the employment tvpes were
wo-digit S.I.C. classes. The areal unit was the
census tract

The allocation portion of the model 1s a simple
continuous function allocation procedure. Increase-
or decreases dealt with in the allocation portion o!
the mode! are proportional to the portion of th:
city’s employment of each type in each area.
Although this procedure produces reasonable re-
sults when the model is used, it is definitely a
weakness of the model. This portion of the mode!
ceases to function after certain capacity constraints
in terms of S.I.C. specific levels of employment
density have been met.

The location portion of the model, which takes
over when the capacity constraints are exceeded,
locates clumps of new employment in areas ac-
cording to a set of measures which indicate the
likely preference of the industry for the area, based
upon known past location behavior. The size of
these clumps is determined stochastically from the
prior distribution of facility sizes for each mdustry.
Location of clumps of employment-decrease oc-
curs when the citywide percentage decline of a
particular industry reaches certain magnitudes
called “shutdown percentages.” When this occurs,
facilities are selected stochastically for deletion,
depending upon the magmtude of the percentage
decrease. Again, in the discussion of the model no
mention is made of the question of sequential
versus simultaneous location. Another weakness of
the model is that it follows a sequential (by S.I.C.
number) location procedure.

The flexibility of this model construct 1s greater
than the flexibility of other constructs. As a
consequence, however, it is significantly more
difficult to establish the parameter values (for
example, capacity levels and shutdown percen-
tages) for this model. In addition, the model uses
only four measures of area unit acceptability. This
number should probably be increased. Despite
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these tailings, the model 15 conceptuaily qumne
complete and offers sigmficant promise for future
development.
The Rose model,
rather than analyzing only the net change in
employment 1n a zone, attempt{s| to explamn
that change specifically in terms of 1ts com-
ponents: natural growth of existing firms,
“death” and “birth” of firms and movement
ot firms within the region.

... Only “births” and “moves” are location-
ally relevant decisions—size changes (including
“deaths™) are a function of the ndustrial
“climate™ of the region, the type ot industry,
the size of the firm—with few exceprions (e.g.
Urban Renewal) the charactenistics of the
locations havellittle to do with the behavio
of locationally static firms. [Rose, 1967,
pp. 5-6;

The employment sectors used m tlus model, a
total of fifty, are approximately the same as those
delineated m the nanonal mput-outpur tables.
Although the model 1s not described in an opera-
tional form, it appeais to attempt stmultancous
location. In a later document (Rose, 1968) the
allocation portion of the model 1s described as a
linear programming formulation. However, the
number of sectors (fifty) and the number of arcal
units (647) indicate that operational simultaneity
in this model may be very nearly impossible.

In this mode! all employment forecasts are
treated as discrete facthry locations. Of particular
mterest v the means by which the facilinies to be
located are generated. First, based upon regional
employmene projections and the base-year firm
size distributions, regional projections of the firm
size distribution are made. The base-year firm size
distribution is then “aged” via a Markov process,?
yrelding an updated firm size distribution. The
difference berween this distnbution and the exog-
enous regional projection s the estimate of firms
which were “born™ or which “*died” during the
period. 1f the data and model constiuct were
avarlable,  firms
would be estimared here also. Then, via 4 mathe-

makmg mtra-area  movements

matcal programming algorithm, the new or re-
locating firms are allocated to zones

Aithough this mode! 1s not deseribed 1n an
operational form, and appears to have only discrete
facihey location (chat 15, no contmuous function
allocation of even sma'l employment mcrements),
the wiea of factiey “birth” and “death” via a
Markov process 15 worth considering as an area for
future rescarch.
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MOBELS OF MARKE 1-$ENSTIIVE LOCATION
The emoirical studies of market-sensitve location,
analogous to empirical studies of non-market-sens
nve Tocation, have often been studies of shopping
center Jocations. Like the suntlar non-market-sens
ave location studies, these empirical studies pro
vide mformation which s useful in the develop-
ment of models, but they are not themselves
models. '

The development of normative models of mar-
ket-sensitive location was one of the carliest topics
of quantitative spatial economics (Hotelling, 1952,
Losch, 1967). However, as was the case with
normative  {for example, mathematical  pro-
gramming) models of non-market-sensitive lo-
cation, normative models of marker-sensitive loca-
tion are too restrictive i thewr assumpuions or duta
requirements or both to be of any pracrical use in
the near future.

Virtually all existing opetational or potencially
operational models of market-sensitive location are
continsous function allocauon models. Furure
progress 1 this area is most bikely to come from
further development of one or more of these
models. As many of these models are rather simlar
in their theorenical constructs, the reviews winch
follow attempt to cover the principal constructs
rather than to describe all such models.

The retail market potential model (Lakshmanan
and Hansen, 1965) 1s based on the premise that the
size and number of retail establishments tnh an arca
15 a function of the number of consumers as
represented by the magnitude of therr retarl expen
ditures. This model 15 descended from an earlier
one (Lakshmanan, 1965) and has as 1ts cential
theoretical construct a measure of market potentia!
derived from the tradicional gravity mode! con-
struct (Huff, 1962), This construct, in the words of
the authors, staces that

the recail center of zone | atcracts consumer

do!lars (from consumers from zone i)

a)m direct proportion to the consumer
expenditures

b) in direct propartion to ity size

¢} mverse proportion to distance to the
consumers

d) i amverse proportion o competition.
[Lakshianan and Hansen, 1985, p. 135

Although the model construct impheitly as-
sumes that the Tocavion of retail activicy 1s cecer-
mined solely by thie above market potential func-
tion, 1t does produce reasonably good forecases,
Two mmportant considerations are omiteed from

1 v
the modd!, however. irse, thore are other -
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fluences on retail activity location (for example,
accessibility to markets and sources of supply, and
considerations of land availability and cost) that
cause - location deviations from those fore-

will
casted by the above construct. Such factors should
be mcluded 10 a reahistic model of retarl activity
location. Second, and perhaps of less importance in
alrcady developed areas, is the question of min-
imum  facihty size. That 1s, certain types of
markcet-sensitive  activities  have important scale
economy consitderations that will dictate minimum
sizes tor new tacthties. Future models of retan
actvity location should include these considera-
tons.

The EMPIRIC model (Hill, 1965), discussed
above 1 the section on models of non-market-
sensitive location, 1s also a model of market-sensi-
nive location. The sets of variables affecting lo-

cation tested in the model were:

Set 1: intensities of land use (densities),
zomng practices, and automobile acces-
sibilities (withim che region);

Set Il: same as Set ! plus transit accessibih-

0es

Set I!!: same as Set Il plus quality of water
service and  quahity of sewage disposa!
service.

The resu'ts of the calibration tests of the mode!
were quite acceptable, and the model may be
considered as an acceptable, operational, fore-
casting techmque, subject to the restrictions men-
ttoned above.

The Harns retatl trade model (1964) was devel-
oped as a component of the Penn Jersey Activities
Allocation Model. Derived from sclected portions
of cenval place theory, the model attempes to
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describe the equilibrium which results from the
supply of goods and services, the demand ftor them,
and the pattern(s) of mteraction between them.
The mode! .

works i the following way. Gwen the
locavion of demand and any set of interaction
parameters, a computer program 1s provided
with a preliminary estimate of the location of
supply. The nteraction formulas are then
applicd and result in a hypothetical set of
“arrwvals™ at the supply points.

... the result of this first estimate of *‘arri-
vals™ 15 'substituted for the ongmal hypothests
as to the distribution of supply, and the
process 1s reiterated. [Harris, 1964, p. 6.!

Although acceptable forecasting results have been
obtamned from this model, the estimation of s
parameters {(which may be highly collinear) is more
difficule than usual. Therefore, the model cannot
be considered to be a truly practical forecasting
device. lts expheit consideration of supply and
demand cquilibrium 15, however, unique and
should be considered for future development.

The Lowry model (1964), as well as its deriva-
tives (for example, Crecine, 1964), considers the
location of markec-sensitive employment snnulta-
neously with the location of population. This mode!
1s also a market potential model, but the formula-
von of the concept 1s somewhat different. Lowry
describes it as follows:

The distribution of this retail employmer-

among the ... tracts depends on the strength

of the market at each location. Assuming that
shopping trips originate either from homes or
from workplaces, the market potential of any
given location can be defined as a weighted
index of the numbers of households in the
surrounding areas, and the number of persons

employed nearby. (1964, p. 10,

"This model, too, 1s capable of producing acceprable
forecasts, and 1ts parameters have been successfully
estimated for several different arcas. The model 1s
an operational forecasting techmque.

The Bay Area Simulation Study developed
several continuous function allocation models to
deal with market-sensitive employment of different
rypes (Center for Real Estate and Economics,
1968, pp.179-234). In determining allocation of
retail trade employment, an estimate 1s made of
sitc switability as a function of site attributes
(including accessibilities). Expected retail trade
demand 15 developed from a simple market poten-

1

tial expression. The expected demand 1s compared

to the actual demand (existing employment) to
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estimate potentiz] “new” demand. Fmally. a el
tive attractiveness index based on a combiacion of
site suitabi'ity and potential “new” demand s
calculated. Retail trade employment 1s then allo-
cated 1n proportion to cach sub-area’s relative
ateractiveness. Services employment 1s allocated in
proportion to a relative attractiveness index and
the population percentage in each sub-area. Fi-
nance and government employments are allocated
by a function of past employment and population.
Contract construction 1s allocated tn proportion to
new houses and new employment in all other

a-

sectors.

These BASS employment submodels represent
operational but tughly empirical continuous func-
tion allocation procedures for forecasting the
location of markét-sensitive employment. It would
be desrable to try to develop a more general, less
empirical, type of orocedure to make these fore-
casts.

Thus, there are contmuous function allocation
models which produce quite acceprable forecasts
of markect-sensitive Tocation. Al' but two of these,
Lowever, omit consideration of scale economies.
The Lowry model considers them m a racher crude
fashron, and the Harrs model considers them
explicitly. Although the omission of scale econo-
mies 15 not a critically important failing, such
cconomies should be considered 1n future model-
building efforts. A more important problem is that
many of these models include non-market-sensitive
employment activities, such as office employment,
among  market-sensitive  empioyment  activities
This problem reflects back to the classification
question posed earlier. For certam employment
classes these models appear to be quite adequate.
For other classes, other models are necessary. Thus
a mode! for forecasting all employment types will
have to be capable of both contnuous function
allocation and discrete fachity location. Te will also
have to be able to determine wiich procedure 1s
appronriate under what circumstances.

A Suggested Intraurban Employment Model
Based upon the work which has been done to datc
(much of winch has been reviewed above), 10 s
possible to describe the general steucture of a
model which should be capable of producing
reliable and accurate forecasts of virtvally all
intraurban employment distnbution with the prin-
cipal exception of “‘umique locators.” These are
facihties whose location 1s largely determined by:
(a) public policy (for example, large government
facihties); (b) private policy having more to do
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with eternal economics which are only vagnd'y
determined by external factors; (¢) speaial require
ments such as nivers or land, (for example, an-
ports). Any facthty whose planned location s
Anown and which wall be tocated rrespective of
the moce!'s forecasts is also a “umque locator
Any model of meraurban employment must be
capable of accepring prespecified unmque locators
as part of s input.

ft 15 first necessary 1o define what 1s ineant by
facilities and firms. The facihty life cyde concepr
is ncroduced i the Rase model. No destinetion i
made there between a firm’s hte cycle bascd on s
profitabilicy, and a facthry (that s, productrve
facility) he cyele based on aging and changes 1n the
relevant production technology. ‘The Rose mode!
nnphicitly assumnes, therefore, that the life cycles of
viable firms and usable facilicies exactly comaide.
In the tolowing discussion, firms are detimed s
aroups of employees. Such groups may be indepen-
dent business entities or divistons (branch offices)
of buaness entives. The structuies which they
occupy while domg their jobs are facihtizs, The
mode! construct proposed below attemots to deal
with this problem

The model construct would begin by separating
market-sensitive and non-market-sensitive employ-
ment sectors as discussed above. For both of these,
the model would be further divided 1mto an
allocative section for growth or decline of cxaistiny
firms and a locaunyg section for birth or death
(meluding relocation) of discrete facihioes.

GROWTH OR DECLINE OF EXISTING FIRMS
One of the determinants of growth or dechine of an
existing firm m a particular area 1s the relanive
advantage or disadvantage m procurement that che
arca offers the firm. The measurement of procure-
ment advantage presents the problem of deter-
minng the source (geographic as well as sectoral)
of the firm’s required mputs. Determination of the
sectoral source of inputs, while difficule, may often
be made. {1) by assunting that national or regiona!
mput-output coefhicienes, tf avadable, hold in the
specific urban arcas (2) by applymg or adapting
local inpur-output  studies, where availalle, or
(3) by conducting special snrveys. Determmation
of the geographic source 15 2 different matter
that the assumpuion of nattonal data (1fany) s not
relevant, 1t must first be determined whether inputs
come from witlnn or outside of the wiban arca
Tins would have to be done either by specul
survey o1 by rather gross assumptions. In view of
the expense of special sutveys, 1w e fikely that this
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problem will be resolved by assumption. An
assumption that is too general can be avoided in
the following manner. Because the question is one
of relative advantage of alternative intraurban
sub-areas, 1t is not difficult to develop any of
several types of accessibility measures to intra-
urban sources of inputs. External sources can be
dealt with underany of the following assumptions:
(1) that no urban sub-area has any advantage
vis-a-vis any other for obtaiming iputs from
sources geographically external to the whole urban
arca (the least satusfactory assumption); (2) that
most such externally procured inputs enter the
urban area through a small number of points (for
examp'e, highway interchanges or transportation
termina's) and consequéntly a measure of intra-
urban advantage (accessibility) can be constructed
using only these points to represent all external
sources, or (3) that major external sources may be
identifiable and specific access measures from these
sources to intraurban sub-areas can be constructed.
It is likely that some combination of the second
and third alternatives would be more than ade-
quate for modeling purposes and would therefore
allow the development of measures of procurement
advantage or disadvantage.

Next 1t is necessary to develop measures of
processing advantage or disadvantage. Both physi-
cal factors (plant and equipment), as well as labor
constcderations, are relevant here. One nonlabor
component of processing cost is tax expense
resulting from' land and building values. This
component might be represented by a measure of
assessed value (as a surrogate for the usually
unavai'ab'e sales value) of plant and property per
employce, a'though even within"given urban areas
there are hkely to be anomalous variations 1n
assessment practices. One other possibility 1s an
mvestiwation of equalized tax rates as a surrogate
varable, This same variable could also be a

surrogate for land cost. Another measure, represen- .

tative of certain attributes of older (obsolete) plant
and equipment, should be developed. (Such attn-
butes may or may not be desirable, depending on
the type of employment.) For example, an age-of-
scructure index can be calculated for each sub-area
and might be indicative of such costs. Alterna-
uvely, thie same phenomenon might be represented
n terms 0( structure-area to site-area ratios Wl’HCh
would be indicative of age of structures, that
i, of older, perhaps muluple-story or crowded
buildings. It 1s unhkely that variables which di-
rectly measure the phenomena of interest here will
be readily available. Indices or measures of relative
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advantage of one sub-area vis-a-vis the others are
what 1s desired, however. Therefore, the use of
various measures is a reasonable
approach. :

The availability of the appropriate labor force 13
the most important consideration tn measuring
processing advantage with regard to labor, First 1t
15 necessary to know what types of labor force are
appropriate. Given this knowledge, additional infor-
mation as to the magnitude and spatial distribunion
of the labor force will allow development of
measures of accessibility. If the definition of the
urban area being modeled excludes large supplies
of labor {for example, suburbs), then these supphies
must somehow be brought into the model, perhaps
by artificial network links or sumilar means. (It s
assumed that sub-area to sub-arca wage rate dif-
{erences are not large enough to have a sigmficant
effect on labor availability.)

A final measure, perhaps the most important for
many employment sectors, is that of relative
distebution (market) advantage. Here, as with the
procurement measure, there are the dual questions
of sectoral and geographical location of markets.
These factors can be represented with one or more
market potential measures, that is, with indices of
access to markets which include the effects of
competitors. Measures of relative distribution ad-
vantage require the same kind of assumptions as
the procurement measures described above, spe-
cifically, assumptions about the possible impor-
tance to intraurban location or to differential
growth of firms of markets external to the urban
area. It 1s hikely that intraurban locational sensi-
tivity to external markets will be significant only
when there are few specific intraurban points from
which interurban connections are made and when
there are significant differences m intraurban acces-
sibility to those points. On the other hand,
differences 1n intraurban access to intraurban
markets will be of major importance to many
employment types.

The measures of procurement, processing, and
distribution advantage can now be used as indepen-
dent variables to estimate differential growth of
intraurban employment types 1n a continuous
function allocation procedure.

surrogate

“BIRTH" OR “DEATH" OF DISCRETE FACILITIES
In forecasting growth and decline of existing firms,
the model will encounter situations where 1t 1s
appropriate to begin generation or deletion of
discrete firms or facihifies. The obvious difficulties
e 1n determining precisely when this transition
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will take place and whether a firm or a facihry 1s to
be the umr allocated. Briefly setting those ques-
tions aside, two principal methods ofapproaching
the problem  suggest themselves. In the first
approach, the discrete firm or facility changes are
decermmed first, with residual growth and declime
Seng  dealt with i the continuous funcoion
allocation  portion “of the model. The second
posubility 1s to have factlity capacity or percentage
change limuts intervene i the continuous function
allocation growth or dechne processes, in order to
generate new facilicies or to have facility shut-
downs, triggered by percentage dechine Limits and
other measures that indicate shurdown or reloca-
rion lihelthoods. The first alternative leads to the
modeling of facility lifecycles, entathing the assoct-
ated difficulties of parameter estimation, as in the
Ros¢ model, The second aiternative Ieads to a
modal that is sensitive to difficult-to-estimate
naiameters, as in che Putman model. The most
ubstantwvely  sarisfactory solution would be an
meegration of life cycle modeling procedures and
continuous function allocation procedures. This
solution 1s discussed below,

Determming the consequences for employment
location 1f an existing firm or facility declimes 1s a
fairly complex problem. If a firm outgrows 1ts
existing  facthey, 1t may choose to renew. che
facility, or to vacate 1t and relocate all employces
The hirm mght also chonse to take that oppor-
tunity to cease operations, thereby vacaung the
facitity and terminacing the jnbs of its c:nplnvrc\.
Certan alternatives inrermediare to dhese may also
be possible, but they are ol~ less signtficance to the
model structure. !f, on the ocher n.md, an existing
firm contracts (shrinks) 1 size, the consequences
may be different. If the contraczion 15 complete,
that 1s, 1f operations cease, then the results are as
menttoned above. If the contraction 1s parvial, bhut
great enough to vacate a facility, the remammyg
employees are allocated elsewhere Smaller con-
tractions are handled m the continuous tunction
allocation portion of the model. Thrs structure 15
shown m figure 1

The determination of the employment location
effeces of new firms or factlities 15 somewhat moie
complex If an existing firm, due to expansion,
requires additional space (that s, facihey), the fisr
decision 1s whether or not the existing {facilicy wil!
be vacated. If the facility 15 not to be vacared, the
problem is similar to that of locating a new firm

[
i usting firm Is decrease of .
L treses i “atal” Proportions? and will be discussed below. If the ornginal facility
e ; is to be vacated, then the next deciston 1s whether
No the firm will relocate Lo an existing vacant facilicy
ot to a newly constructed facility. 1f the move 1s to
d > [0 AN eXISLINY Vic: “vethe . .
| Vacats faciiy, | be toa existing vacant facthey, then a search must
r , { lreallocatea be made for such a faalicy. 1 the move 15 to be to
Oldt facihity j . | portor of , R £ l | | | re ‘ments f ]
L ecomms Cemployees | a new facthey, then land requirements for the new
wnolete .| | facility must be calculated and a search msticured
————— — -~
; ! for a surtable site
| The problem of locating a new f >
____IVacate factliy and | p g @ new fIrm presents o
stmilar “decision tree” to analyze. Furst, will the

employees

delete all E
‘ o tirm locate 1n an existing vacant facilicy, or does it
No require a new facthty? If it 15 to locate 1 an
existing vacant facility then a search for one must
be made. If 1t 15 to locate in a new faciliry, the
requirements must be calculated and, agan, a
smmbu. sice searched for. Regardless of which
i a'ternatve has been selected, suitable site arca o

( Does firm
remann

\ active?

Vacate facility,
Yes relocate all

] employees I1n

new factlity

Renovate
facility ?

ro-=-" 1
Treat as existing
firm requiring ! sub-areas most desirable to the ocatng firm. This

vacant building space may not be avadable m the

-
3

|
| new space per ] IR
g o figure 2 \ ratses the question of trade-offs bezween “site
! pdate P . 4 . B
] facibity atrributes and > “sire” avafabilioy, So heele 1s cur-
~ [}
# characteristics rently known about this phenomenon that 1t 15 not
— bl 1 head | 1
possible to predict what headway nighe be made
FIGURE ' “Decline’’ Procedure: Firm Decline or Facility here. In fact, all of the processes discussed above
Obsolescence are rather poorly understood and wrll rarm a large
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unknown component of future research efforts on
this topic Some data on these behaviors do exist,
and thewr importance to the forecasting of intra-
urban  emp'oyment location demands ther m-
clusion 1n future modelmg efforts. The decision
processes described above are shown diagram-
matically in figure 2.
LOCATION OF NEW AND RELOCATING
FIRMS AND FACILITIES
The model should be able to determine which
sub-area 1s the most desirable for a particular

L4
1
. Existing firm

locatmg firm or facthry. There are several problems
w'ieh need to be resolved here. The first 1s that o
measuring an area’s attractiveness to differen:
employment sectors. This imay be done by cateu
lating 1indices based upon the measures detined for
use 1n the continuous function allocation portion
of the model. It may be found from studies of past
locational behavior that other, noneconomic, lac-
tors must be determined in order to estimate
locations. It 1s possible that factors not included in

the procurement, processing, and distribution tri-

|

expands; thus 1 New firm
recuires new space " is started
T e
!
i N
{ Vacate old ﬁﬂllng to utilize
\ facitity? / No 'qusung vacant facility? No !
Yes 1 Yes !
! i
}Nl”lng to utilize \ Suitable vacant facility '
larger vacant available 1n appropriate
facility ? / Yes sub-area? !
T i |
No/| No Yes
"

¢ Add vacating !
employees
10 new ones

Avatiab'e in an
almost approprnate
sub-area’

fFlH up avaiiable
}vacam facility

|
i
i
i

, )
— | , l——r—’— !
! ] Yes) ‘ i
| Yy
! : { i
| : Are benefits of vacant \_J Yes !
[ . tacility greater than costs of i
: ] less-than-best sub-area? X
L l 7
: No
| X
lo—oo
- Specify tand required
‘r‘————-—" far new facility i
| T
: !
1

f
\__] Yes
ate

l Suitable vacant land
N availabte 1n appropn
° sub-area? /

N

,‘_.Cand available in less

appropriate sub-area

I

JNO

Locate new
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1
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Yes

Redefine requirements

FIGURE 2
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“Growth” Procedure: New, Relocating, or Expanding Firms
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—

Growsih and dechine
of disurete nrms !
and taciltties

chotomy may also be found to be of some
importance in location decisions For exampie,
locations offering prestige or ‘‘visibility” might
account for some portion of a location decision,
though data and research findings on these factors
are conspicuously absent from the existing litera-
ture.

The first studies mentioned above in the review
of models of non-market-sensitive location are
good <cources of factors to be invesugated. A
critical question also arises regarding the availa-
bility of che data necessary to develop.the model’s
nyecathes:s It would be foohsh to deny the
difficuluies likely to be encountered. On the cther
hand, 1t would be at least equally foolish o do
rothing 2bout these problems pending the availa-
bility of the perfect data set. It is possible to
conceive of a number of smaller studies which
could be undertaken to examine portions of the
overail mode! being described here.

Another substantive problem is simultaneity of
locatien. All of the present models of firm or
facility location manage to avoid this prcblem.
Nevertheless, simultaneity of location may be
critical in two ways. First, there s, 1n all likel-

‘hood, competition among locating firms or facil-
) F 8 g

itres for particular sites. The importance of this
competition for forecasting purposes s presently
unknown, and such competition is not dealt with
m nonsimultancous location procedures. Second,
sequential location has the effect not only of
occasionally precluding location on a “used” site,
but a'so of altering, subsequent to that location,

]

. !
Growtn and decline |
of discrete firms

i:nd fac:ities

Continuous function
allocation of
empioyment

Conntnuous function
| allocation ot restdual
emrployment |

1 r g

[ |
: |

L4

Location of discrete Growth and decline ‘

firm and tacihity of discrate firms

|

. e b |
changes in sub-area end facilities from !
i residual empgloymaenrt |

| J

L i |

i

firm and factlity
. Changas In sub ares

ocation of dnscmtejl
1
1
!
d

Continuous function
allocation of residual
employment

firm and tacility
changes 1n sub-areas

Locatian of discrete ].
i
}

A B c

FIGURE 3 Three Principal Forms of the Proposed Modiel
Construct
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the characteristics of the sub-area in which the
locarion has taken place. These aitered character-
istics, 1n turn, influence the subsequent location
(particularly, chough not exclusively, m that sub
arca) of other faalittes in the same and other
sectors. These points notwithstanding, the im-
positton of a simulraneous location requirement on
the model 1s not a triviai matter. Although such a
requtrement is substantively desirabie, 1t may not
be feasible. If centinvous funcuion allocation of
market-sensitive employment involves knowing the
current spatial distribution of population {and
personal income) in order to make forcecasts, then
population iocation will have to be simultanecus
with at least some market-sensicive employment
location. Further, 1if there 1s some degree of
competition for virtually all land in the urban atea,
then it is difficult to decide a priori that some
activities w!l be located before or afrer others.
There 15 no solution to that problem 1n this article;
as the nature of the model becomes more specific
it will be possible to determine how 1t may be
resolved and to test the consequences of that
resolution.

Thus there are severa! principal forms into which
the overall structure of this new model
develop. Figure 3, A and B, shows two versions of
the form where discrete firm and facilicy changes
are forecast first and the residual changes are
dealt with via centinucus function allocation. In
figure 3, A, the residual employment s allocated
before the discrete firms or facilities are located. In
figure 3, B, the discrete facihties are located firse,
then the residual employment s allocated. In
either case, the mode! would first forecast changes
in the numbers of furms and facilitres. This might
well be done by a modification of the life cycle
technique proposed by Rosc. The relation of these
“births” and ‘“deaths’ to the areawide net changes
in employment by sector weuld be an important
consideration. In most situations only a portion of
the citywide employment change for a given sector
1s due to the birth or death of new firms cr
facilities. It will be difficult to determine, 1n the
model, what size this periion should be, since two
processes are subsumed here. First, in a givea
sector there are new f{irms appearing and old firms
disappearing somewhat independently {chat 1s, due
to Iife cycle changes) of the urban area’s overall
growth or decline in that secror. Second. new firms
are appearing and old ones disappearing alinos:
soiely due to the area’s overall growth or dechve 1
the given sector. Finding a way o discriminate
between these two processes 15 the key problem

can
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here. If facilities were generated or deleted as in
Putman’s INIMP mode!, the computational pro-
cedures would be somewhat simpler but slightly
more arbitrary,

Because the accuracy with which the model
determines how much of the net citywide change
rof a particular employment type is due to discrete
facility generation or deletion is both difficult and
critical to the models shown in figure 3, A and B,
an alternative means for resolving the issue is worth
considering. An alternative form for the new model
s shown 1n figure 3, C. In this case the continuous
function allocation is performed first, with the
discrete firm and facility generation, deletion, and
location taking place afterward. Here, too, it is
necessary to know when to terminate the con-
tinuous function allocation and begin discrete
facilicy forecasts. It is assumed that the continuous
function allocation is more stable, and probably a
more accurate estimator, than the discrete facility
portion of the model. Consequently, the form of
model shown 1n figure 3, C, might produce better
forecasts than the forms in figure 3, A and B, given
the present level of knowledge. It is probable that
the most accurate form of the model would involve
generation of firms and facilities concurrently with
the continuous function allocation. Whether this is
a feasible structure for the model cannot be
determined prior to further research.

Summary and Conclusion
The procedure for the classification of employ-
ment is critica' to the success of any attempt to
model employment location. Previous attempts at
such classification have been inconsistent with a
comprehensive model of intraurban employment
location. It is necessary, therefore, to develop new
classification procedures in order to be more
confident that each employment type is being
forecast by an appropriate portion of the model
construct. One possible procedure has been de-
scribed in this article.

Intraurban emp'oyment location is the second
step 1n a two-step process. The first step occurs
when a firm decides to locate 1n, or leave, a
particuiar urban region. The second step, with
which this article is concerned, is the determi-
nation of where in the chosen urban region the
location or departure will take place.

The 1ntraurban location of some types of em-
ployment is partly determined by the spatia!
distribution of markets in the urban area, while the
location of other types is not. There 1s a distinction
between the growth or decline of an éxisting

PUTMAN

employment establishment (either firm or faciliry)
and the location or deletion of a specific lump of
employees either as a firm or a facility.

With these definitions and distinctions in mind,
a review of most of the existing or proposed
mode's of intraurban employment location was
presented. At the conclusion of this review, a
mode! was developed, integrating features of the
reviewed models in an attempt to develop a
comprehensive framework for intraurban employ-
ment forecasting.

In conclusion, although preliminary work has
already been done on many of the components of
a complete mntraurban employment model, large
gaps in our knowledge of these phenomena remain.
The conspicuous absence of complete employment
forecasts from urban simulation modeling today
indicates that work needs to be done in this area. It
has been the purpose of this article to review the
work done to date and to suggest directions for
future efforts to solve these problems. The devel-
opment of such models and therr subsequent
integration with residential location and transpor-
.tatzon network models would constitute a signifi-
cant increase in our understanding of, and ability
to forecast, urban phenomena.

Author’s Note: Work on this topic was partially supported by th
US Department of Transportation, Federal Highway Admirustra
tion, Bureau of Public Roads, under Contract No 1 H 11-7392 to
the Institute for Environmental Studies, University of Pennsylvarna,
P'ortions of thhs manuscript were included tn the final report, *“I'he
Videnmg Role of Urban Transportation Planning,” prepared by B.
Harns, S Putman, B. Allen, and staff under that contract

NOTES

1 Before proceeding with further discusston, a note regarding the
modeling of employment location as opposed, for example, to sales
or value-added location 1s in order. There are obvious disadvantages
.oncomitant with the use of number of employees as a measure of
activity levels Most of these disadvantages stem from the nonlinear-
iies 1n each employment type’s employec/output relationships (that
a, mherently different production functions). Conscquently, when
these forecasts of economic activity, as represented by employment
iotals, are used tn turn to generate other forecasts, certam
nconsistencies  are introduced nto  the results  Despite this,
canployment 1s the measure most often used, for the single,
overwhelining reason that 1t 1s the only measure for which data are
usually available. If other data become available, then research into
thetr use as a more appropriate means for modeling the intraurban
loc atton of economic activity will be justified. For the present and
the immediate future, employment will have to continue to be the
untt of measurement,

2These factors are’ access measures to the followang—labor
supply, labor skdls, executive participation, highways, radroads,
mass transportation, waste disposal facilities, comparable firms,
cus comers, and suppliers, slope conditions, land requirements, land
cost.s; and taxes on land and improvements. Floor area ratios,
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employee density, multiple land use chatactersstics, «ad expoend-
tures per mumapahty have also been suggested a3 possible location
tactors
TA Muark . ’ * wol o [
/ arkov process 15 a systums concept involving vartous
statis” of being and vanous probubibities of “transiticn’’ trom one
stute tuanother
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