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CHAPTER I 

INTRODUCTION 

Because of the increasing complexity in the patterns 

of urban growth and development, our cities today require 

the efforts of dedicated urhan planners, engineers and ad-

ministrators. One of the great challenge s that faces our 

cities' administrators is the preparation of plans for the 

cities' future that will inc lude simultaneous changes in 

both land use and transportation facilities! 

In the past, a plan or forecast of future patterns of 

land us es normally h as been prepared somewhat ind ependently 

of planne d transportat ion facilities ( 8 ). An important 

missing link i n the metropolitan plan-making process has 

been the effect that transportation facilities themselves 

have in shaping the land use pattern, and by conside ring 

this effect, the planner probably will note a · greater usage 

of transportation facilities, since it is known that trans-

portation facilities often attract land uses which require 

such facilities. Because of this heightened use, it is 

imp erative that the planner and engin~er plan trausporte,-

tion facilities to accommodate not only those l and use 

activities already in place and those expected or planned 

for urban expansion, but also those activities which will 

be induc e d to redistribute themselves spa tially under the 

influence of tho proposed transportation faci~_ ities ( 8 ). 

1 
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Planning Process 

The difficult task of setting goals and objectives is 

the heart of the planning process. Today, most of our plan-

ning efforts revolve around the theory of formulating goals 

in terms of physical development, which in reality reflects 

social and economic objectives. From the evolution of 

these goals comes the formulation of plans, usually consist-

ing of maps and statements which describe the desired con-

dition of the area at some future date. These plans tradi-

tionally are base d on a series of studies and analyses in-

vestigating population and employment characte r istics, be-

havorial characteristics (such as travel habits and 

recreation patterns), land use characteristics, and physi-

cal standards of various types (including facility service 

levels, density standards, aesthetic criteria, etc.) ( 8 ). 

After carefully considering all of this material to the 

best of his ability, the planner chooses, on a subj ec tive 

basis, one of a series of preliminary comp rehens ive pJans 

he has drawn fo r the area. Additiona l corrections and up-

dating a1·e pe rformed on the cho sen plan which then is pre-

sented for approval. 

A new awareness of the shortcomings in the pl ann ing 

process has forced the modern urban planner to examine 

alternatives more carefully. Con fronted with an almost 

infinite number of possible a lternative plans, the plan1 er 
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finds himself almost completely deficient in techniques of 

comparative analysis (8). Because of this deficiency, he 

now is turnin~ to mathemat ical models and the high speed 

electronic computer for assistance. Thus, a mathematical 

model that could be fully integrated into the continuing 

planning process becomes very important. 

Land Use Forecasting Procedures 

In order to properly forecast land use values for the 

future, collection and processin g of a detailed and compre-

hensive set of sma ll area, time series socio-ec6nomic data 

for a large metropolitan area is required. This first step 

of da ta coll ecti on is a difficult and time-co11suming p r oc ess . 

Sophisticated regional planning models, whose value li es 

partly in that they forc e the user to define his input and 

cutpu t trirrns precisely and systematically, generally require 

la rge amounts of data for their application (g·). The next 

step j.s to summarize and classify such data into specified 

groups so as to be usable in the appropriate forecasting 

model. Once the data are classified properly and used as 

i nput to the appropr iate mathe ma tical land use model, 

future land use variables can be obtained. 

The EMPIRIC Mod e l 

A model that can be fully integrated i1 to the con-

tinuing plannin g process of a metropolitan area is the 
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EMPIRIC Land Use Forecasting Model (9). The model does not 

apply optimization techniques no1· does it restrict freedom 

of choice; rather, it attempts to make planning a more mean-

ingful procedure by simulating the likely functional or 

performance characteristics deriving from alternative poli-

cies, plans and program (9). It should be understood that 

the EMPIRIC Land Use Forecasting Model is not a substitute 

for planning, but an aid in the planning process. 

Inherent in the EMPIRIC Land Use Forecasting Model is 

the capability both of reproducing significant parts of 

the environment and of predicting the future distribution 

of land use activities given present land uses, estimates 

of future r eg ional land use totals, and presen t and antici-

pated transportation, water, and sanitary facilities as 

inputs. This capability is necessary in order to provide 

information for judging alternative pl ans in terms of a 

set of desir e d g oals or objectives . 

The EMPIRIC Land Use Forecasting Model basica lly has 

two main uses. The first use is to predict , for various 

plannin g purposes, the futu re v a lu es of urban population, 

employment, and related variables. One such purpose is 

for input into traffic for ecasting models (9). The testing 

of alternative regional plans for their functional utility 

is the second use of the model . The model wil l allow the 

pl anner to analyze, te st , and evaluate the input of 
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alternative policy decisions regarding transportation, 

zoning, open space, utilities, etc. and thus enable him 

to present to decision makers a series of clear cut public 

policy choices together with the implications of each. 

Purpose of Researc h 

It is the purpose . of this research to investigate the 

uses of the EMPIRIC Land Use Forecasting Model for develop-

ing better and more rational plan alternatives. This in-

vestigation requires two studies, the first dealing with 

the s e lection of certain regional plans describing the u se 

of transpor tati on, zoning, open space, utilities, etc., 

and the sub sequent determination of subregional land use 

values for the forecast period. The second study deals 

with the selection of a regional transportati on (travel 

time ) improvement plan that wi ll induce growth in sub-

regional land use variables that will bring their intensi-

ties as clos e to a priori g oals as possible. The studies 

are presented in Chapter IV following a discussion of 

land use models in general and the EMPIRIC Model in parti-

cular in Cha pters II and III, respectively . The results 

of thcs2 studies are found in Chapter V. 



CHAPTER II 

LITERATURE REVIEW 

Most urban transportation_ planning studies during the 

past fifte en years have produce d, or are producing, estimates 

of future land use in all subregions of the metropolitan 

areas, mainly with the objective in mind of estimating 

future traffic demand. Land use in this context refers to 

intensities of use (population and economic activity) as 

well as classification of u se . Methods employed for these 

land use estimates h ave ranged from intuitive p r ojections 

to systematic techniques based on quant itative reasoning. 

Since there are numerous land use forecasting models, many 

of them using similar techniques, this review, taken from 

Highway Researc h Record No . 88 (10), will be confined to 

a general discussion of the merits and di sadvantages of 

previous models. 

1. Most models predict the future state of the system 

rather than increments of change in the system. 

The difficulty with this is that short-term pro -

jections could b e in great error . For example, 

if we wanted to forecast the system a year fro m 

now, we would do well to utilize informa tion on 

the p resent state of the system and make small 

changes ; a model which works from first principles 

G 
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would tend to introduce its statistical errors 

into the projections and probably produce re-

sults considerably different from those of today. 

However, as longer term projections are made, the 

present state of the system is less of an indica-

tion of the future state, and such projection may 

have some merit, particularly in a very gross 

sense for large areas. 

2. Most of the mod e ls rely on an exogenous prediction 

of total man u facturing employment in the region. 

Some models also use this variable as a predictor 

of total population, which then serves as another 

control total. Retail employment usually does not 

have a control total and dep ends on population of 

individual zones. In most instances there is no 

difficulty in relating regional control totals to 

the sum of individua l zon a l values since it is 

only a question of adjusting in one step the in-

dividua l zonal figures by a proportionality factor 

to maks their total add up to the exogenous control 

total. 

3. Most of the models make some adjustments for zonal 

capacities of population and employment. These 

are usually in the form of past observed values 

for population per residential acre tintes the 
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number of residential acres, and similar figures 

for employment. The population density figures 

and residential. acres are often set by existing 

zoning and subdivision control regulations. The 

problem here is that zoning laws are subject to 

change, espec~ally under demand pressures, and to 

set an absolute, inviolate, capacity limitation 

requires some assurance of its applying in the 

futur e. Zonal capacities are essential to the 

forecastin g process, but they have to be recog-

nized as assumptions about governmental regula-

tion s ~hich may change in the future. 

4. There is a tendency in the various models to pre-

dict manufacturing employment and land use first 

and to use this information as input to "the 

population distribution phase which, in turn, 

is used as input to the retail emplciyment dis-

tribution phase. There appears to be a definite 

logic in distributing retail employment after 

population; indeed some empirical evidence is 

available in various studies of food and general 

merchandizing employment on the lag of retailing 

esta blishment decentralization after the dec en -

t r alization of population. The arguments for 

predtcting manufacturing employm ent before 
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population are not so convincing. It is argued 

that there are only a limited number of locations 

which are suitable for certain types of industries 

and that these are relatively independent of popu-

lation. This is held to follow from the fact that 

travel is becoming faster and that industry will 

not have much trouble recruiting workers wherever 

it locates, as long as it can pay a good wage. 

5. It generally seems to be recognized that direct 

data flo w from the end of one forecasting period 

to the beginning of the next is n e cessary, j.f not 

within the model, then at least by some type of 

manual updating . This is necess ary because the 

inertia of an u r ban system is such that any fore-

cast which disregards the immediately previous 

state of the system may pred ict sudden and per-

haps oscillatory changes in land us e which are 

not reflected in real life. 

6. None of the models compris es a fully integrated 

formulation which allows tl1e simultaneous fore-

casting of all urban variables p ertinent to 

regiona l planning studies; that is, each of the 

modeJs is either one submodcl, dealing with one 

set of variables such as residential, 1ndustrial, 

o r commercial activities, or a number of such 
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submodeJs which are applied serially to obtain 

the .desired output values . An attempt to apply 

any set of submodels for comprehensive urban fore-

casts suffers from two weaknesses: (1) assumptions 

must be made about which submodels should be run 

first, i.e., which variables are "primary" and 

which are "secondary" in locational characterist-

ics; and (2) relationships and parameters must be 

dete rmined separately for each submodel, leading 

to questions (which are difficult to answer) con-

cernin g reliability of the models when applied in 

conc ert . Thus, there appear s to be some advantage 

in a model which handles all variables simultaneous-

ly and consequently allows the derivation of a 

self-consistent set of parameters . However, such 

·a model may suffer other difficulties, such as 

parametr ic instabi lity and difficulty of interpre-

tation. Whjle it is a l audable goal, the fully 

integrated model may prove to be difficult to 

achieve as an operati onal technique. 

7. All o f the models reviewed show some dependence 

on travel accessibilities, whe ther explicitly in 

terms of travel times to various types of activities 

in other zones, or implicitly in terms of distance 

to the center of the u rban region. The use of 
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distance as a measure of accessibility precludes 

model sensitivity to actual or proposed changes 

in transportation systems, which generally have 

little effect on travel distances but may have 

profound effects on travel times, costs, and 

convenience levels. 

The EMPIRIC Model, to be detailed in the next chapter, 

overcomes many of the deficiencies outlined above and, at 

this date, appears to be the most reliable land use pre-

diction model available. 



EXPLANAr.11 ION OF THE EMPIRIC MODEL 

The EMPIRIC Land Us e Mod e l has been formulated to 

satisfy several criteria for models which arise from the 

recognition of deficiencies in past modeling efforts. The 

first order criteria are the abilities: 

1. To recognize the simultaneous and interacting 

nature of metropolitan development; 

2. To take planned changes in the transportation 

system (both highway and transit) and use these 

changes as direct inputs; 

3. To output impo rtant c ategories of popul a tion, 

employment , and car ownership va r iables, thus 

providin g data for forecasting trip origins, 

d estinations , and modal splits; and 

4. To p r ovide forecasts for sufficiently small areas 

to allow meaningful fo recasting of trip origins, 

destinations , and modal splits. 

Criteria of a second order are: 

1. The model should be able to accept important 

non-transportation policy decisions as jnputs. 

Tho model output should be a systematic estimate 

of how a region would develop under the influence 

of re g iona l growth or d ec lin e rates and relative 
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planning policies, not only with respect to 

transportation but also to utilities, zoning, 

open space, etc. 

2. The model should be developed in accordance 

with reasonable budget limits on operating 

(analysis) costs. 

3. Input and output to the model should be compati-

ble with other needs, for example, input trans--

portation networks should be the same as those 

needed for traffic work. 

The ory of. the EMPIRIC Model 

The EMPIRIC Land Use Fo recast ing Model is ba sed on the 

concept that changes in regional patterns of population and 

employment are the results of locat ional decisions by family 

units and by commercial and industrial establishments and 

that these decisions are functions of public development 

policie s as wel.l as of existing developm ent patterns and 

trends (6). The model uses systema tic j_nterrelations among 

d evelopment patterns of urban activities to provide a basis 

f o r t iH:; p re cH c t j on o f t ll e s e. l o cat i on a 1 cl e c is i on s . 

Also considered in th e model the ory is the general idea 

that growth in u zone containing fami li es within a p ar ti-

c u J a r range o f inc o :me w iJ 1 be c or r c 1 ate d po s i t j _ v e 1 y w i th 

growth in other zones containing farniljes within similar or 
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slightly higher income ranges, ther e by illustrating the 

pattern of up~ard economic mobility as well as the tend enc ies 

of similar incom e classes to cluster in the same geographic 

areas. Families in classes of widely separated incomes 

would tend to locate considerable distances from one 

another (6). 

Lower income groups would be expected to locate close 

to their places of employment and to shopping areas. Since 

they would own fewer automobiles they would require more 

transit service than the higher inco me groups. Middle and 

upp er middle income groups would b e expected to locat e in 

more exclusive residential areas than the lower income 

groups, especially because of the l atter groups ' inability 

to pay higher rents and transportation costs. However, 

higher income groups still would b e expected to locate in 

areas that have good accessibilities to o ther areas. The 

hi ghest income group would probably be relatively insensi-

tive to acc es sibility in their search for other residential 

amenities, mainly because of their ability to pay the higher 

transportation costs. 

All industrie s would be expected to try to locate in 

areas that h a ve high accessibilities to the population: to 

the lower income groups for a ready labo r supply for manu-

fa cturing ana to tl1 e middle and upp er income groups for 

potential cus tomers and for employees for retail and services 
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employment. Also, improvement in water supply and sewage 

disposal seryice in an area would be expected to be associ-

ated with growth of population and employment categories in 

that area. 

General Description of the EMPIRIC Model 

The EMPIRIC Land Use Model is designed primarily to 

satisfy the need for zonal or subregional distributions of 

future year land use activities, which could then be used 

as inputs to a traffic prediction model. Inputs to the 

EMPIRIC Model for purposes of forecasting, are exogenously 

forecasted regional totals of the variables to be forecast 

in the model ( i .e., those to be distributed to the various 

consU_tuent subregions of the region), data describing the 

region at the beginning of the forecast interval, and a 

statement of the various alternative development policies 

to be tested (8). Outputs from the model are the values 

of the subregional land use variables for the forecast 

period. 

A detailed description of all input and output vari-

ables is shown i.n Tables I-VI. Variables measured at the 

forecast ~utur0 year are succeeded by (t). Variabl8 s 

measured at the pre sent year are succeeded by (t-1). Sub-

scripts g and b are used to define the applicable sub-

regions (zon es ). rrhe discussion of the actual relationships 
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TABLE I 

BASIC INPUTS TO THE EMPIRIC MODEL 

Present Land Use Variables, Vih(t-1) 

v1h(t~1) = 

v2h(t-1) = 

v3h(t-1) = 

v4h(t-1) = 

Number of families with an annual income less 
than $5 ,000. 

Number of families with an annual income between 
$5,000 and $9,999 . 

Number of families with an annual income between 
$10,000 and $ll1,999 . 

Number of families with an annual income equal 
to or greater than $15 ,000. 

Number of person~ in manufacturing and con-
struction employment (S.I.C. Cedes 15-39). 

Number of persons in wholesale, transportation, 
communication, utilities and government 
employm ent (S.I.C. Codes 1-14, 40-50, 91-99). 

Number of persons in retail employment 
(S.l.C. Codes 52-59) . 

Number of persons in service employment 
(s.r.c. Codes 70 -89). 

v91 (t -1 ) =Number of persons in finance, insurance, and 
1 real estate employment ( S .I.C. Codes 60-67). 

Present LaHd Area Variable s 

NAP h =Net residential area, in acres. 

=Net manufactur ing area, in acres. 

=Net retail ar0a, in acres. 

= Other developed area, in acres. 

DAh = Developable area , in acres. 

UAh = r11otal nsed area = 1''.APh + NAMh + NAPh + ODAh 

GAh = Gross ct.rea = U.Ah + DA11 
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TABLE II 

BASIC INPUTS TO THE EMPIRIC MODEL 

Present Controllable Variables 

travel time by automobile from subregion g to 
subregion h, in minutes. 

travel time by transit from subregion g to 
subregion h, in minutes. 

=water supply index, ranging from 1 through 7, 
indicating type of water supply service. 

= sewage disposal index, ranging from 1 through 5, 
indicating type of sewage disposal service. 

Code Number 

1 

2 

3 

5 

6 

7 

Water Supply Index 

Type of System 

Individual wells. 

Combinat ion of individual 
wells and municiphl. supply. 

Municipal surface supply. 

Co mbinat ion of municipal 
surface and ground supply. 

Municipal ground supply. 

Municipal and MDC supply. 

MDC supply. 

Sewage Di sposa l Index 

Cod e Number 

1 

2 

3 

5 

Typ e of Sys ten~ 

Septic t ank . 

Ccimbination septic tanks 
and mnnicipal system. 

Municipal system. 

Combination of septic tanks 
and/or muntcipal systeii1 and 
MDC system. 

MDC system. 
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TABLE III 

BASIC INPUTS TO THE EMPIRIC MODEL 

Future Total Land Use Variables, T:(t) 
1 

= Total number of families with an annual income 
less than $5,000. 

= Total number of families with an annual income 
between, $5,000 and $9,999. 

= Total number of families with an annual income 
between $10,000 and $ 1 4 ,999. 

= Total number of families with an annual income 
equal to or greater than $15,000. 

= Total number of p ers ons employed in manufactud_ng 
and construction employment. 

= Total number of persons in wholesale, trans-
portation, communication, utilities, and 
government employment. 

= To tal numb er of pe rsons employed in retail 
employment . 

= Total number of persons employed in service 
employment . 

= Number of persons employed in finance, in-
surance, and real estate employment. 

Future Cont r ollable Variables 

TA l ( t) g 1 

= 

= 

= 

Water supply index, ranging from l through 7, 
i ndicating type of ~ater supply service . 

Sewage disposal index , ranging from l through 5, 
indicating type of sewage disposal service. 

Travel time by automobile from subregion g to 
subregion h, in minutes . 

Travel time by transit from subregion g to 
subregion h, in minutes. 
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TABLE IV 

TRANSFORMED INPUTS TO '11HE EMPIRIC MODEL 

Present Activity Variables (Uzh(t-1)) 

u1h(t-1) = v1 h(t~1) + v 2h(t-1) + v 3h(t-1) + v 4h(t-1) 

= total families 

u3h(t-1) 

number of families with an 
annual income less than 
$10,000. 

number of families with an 
annual income greater than 
$10,000. 

u4h(t-1) = v5h(t-l) + v 6h(t-1) + v 7h(t-1) + v8h(t-1) 

+ v9h(t-l) = total employment. 

Present Transformed Controllable Variables (Wkh(t-1)) 

w1h(t-1) = 
w2h(t-1) = 

UAh(t-1) · sh(t-1) 

UAh(t-1) · wh(t-1) 

w3h(t-l) = t:- UAh(t-1) ulg(t-1) EXP (-B·TAhg(t-1)) 
g = 1 

G L u Ah ( t-1 ) u l1 g ( t-1 ) EXP ( - B . T Ah g ( t-1 ) ) 
g = 1 

g = 1 

¥:: UAh(t-1) u1g(t-l) EXP (-B·TT (t-1)) 
g = 1 hg 

G L UAh ( t-1) :U LJ.g ( t-1) EXP (-B. TThg ( t-1)) 
g = 1 

~ UAh(t-1) u2 (t -1 ) EXP ( -B .TTh (t-1)) 
g = 1 g g . 
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TABLE V 

TRANSFORMED INPUTS TO THE EMPIRIC MODEL 

Future Transformed Controllable Variables (wkh(t)) 

wlh(t} = UAh(t) sh(t) 

w2h(t) = UAh(t) · wh ( t) 

w3h(t) = t: UAh(.t-1) u1g(t-1) EXP (-B·TAhg(t)) 
g = 1 

w4h(t) 
G UAh(t-1) u4g(t-1) EXP (-B·TAhg(t)) = I: 
g = 1 

w 5h ( t) = t. UAh(t-1) u3g(t-1) EXP (-B·TAhg(t)') 
g = 1 

w6h(t) 
G UAh(t-1) u1g(t-1) EXP (-B·~l1Thg(t)) =c 
g = 1 

w7h(t) = t: UAh(t-1) u4g (t - 1) EXP (-B.TThg(t)) 
g = 1 

La nd Dev e lo pability Var i a bl es (Ljh(t-1)) 

Llh(t-1) = NAPh(t-1) ~GAh(t-1) - UAh(t-12] I GAh( t-1) 

L2h ( t-1) = NAMh ( t - 1) !!Ah ( t-1) - UAh ( t-12) I GAh ( t -- 1) 

L3h(t-l) = NARh(t- 1) [GAh(t-1) - UAh(t- 12) I GAh( t -1) 

_.-
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TABLE VI 

OUTPUTS FROM THE EMPIRIC MODEL 

Future Land Use Variables (vih(t)) 

Number 6f families with an annual income less 
than $5,000. 

Number of families with an annual income between 
$5,000 and $9,999. 

Number of families with an annual income between 
$10,000 and $14,999. 

Number of families with an annual income equal to 
or greater than $15,000. 

= Number of persons in manufacturing and construction 
- em p 1 o ym en t ( S . I . C . C ode s 1 5- 3 9 ) • 

Number of persons in wholesale, transpo rta tiori, 
communication, utilities and government empJ.oyment 
(S.I.C . Codes 1-14, 40-50, 91-99). 

Number of persons in retail employment (S.I.C. 
Codes 52-59). 

Number of persons in service employment (S.I.C. 
Codes 70-89). 

Number of p ers ons in finance, insurance , and 
real estate employment (S.I.C. Cod es 60-67). 

Future Additional Submode! Land Use Variables (smh(t)) 

slh(t) = Total number of families. 

s2h(t) = Population. 

s3h(t) = Number of automobiles. 

s4h(t) = School enrollment, grades K-8 . 

s5h(t) = School enrollment, grades 9-12. 

s6h(t) - Medi an family income multi.plied by total families. 
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involved within the model is delayed until the details 

of the rather complex nature of the variables are examined. 

An example of the model is given in Chapter IV. 

General Discussion of Model Inputs 

The independent (input) variables in the EMPIRIC Model 

equations are generally divided into controllable variables 

and uncontrollable variables. Controllable variables are 

defined as variables whose future locations and intensities 

are controllable by the planner and thus subject to the 

policy decisions of urban government. Uncontrollable vari-

ables are those variables which are not controllable by the 

planner and thus are not subject to public policy decisions. 

These controllabl e and ~ncontrollable variables are further 

describ ed as present basic ~nd transformed inputs, and 

future basic and transformed inputs, as shown in Tables 

I - V. There is a need for transformation of some of the 

present and futur e basic inputs so that these inputs can 

be us ed properly in the model. A discussion of each of 

these types of inputs follows. 

Present land use variables are divided into two cate-

gories, on e composed of four population variables and the 

other composed of five employment variables. The population 

variables are stratified by family income , while the employ-

ment variables are defined as the ni1mbers of persons 
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employed in a particular industry, by place of employment, 

based on the Standard Industrial Classification Codes· (15). 
Present land area variables are variables designed to 

measure the capacity and propensity of a zone for growth of 

a particular type of activity. It would be possible to use 

these land area variables as controllable variables if suf-

ficient control could be exercised by the planner over de-

velopment by means of zoning, urban renewal, or purchase 

and development of land by. the government. However, govern-

mental control over development is limited: zoning is a 

regulatory power and does not always provide the incentive 

for development, and urban renewal and governmental purchase 

cover relatively small areas. Therefore, the land area 

variables are used as uncontrollable variables, and as a 

measure of the capacity of a zone to house growths of parti-

cular types of activities. 

Present controllable variables are those variables re-

lated to public utilities, described by means of the quality 

of water supply and sewage disposal service. The level of 

service used in the model i ·s calculated on a weighted basis, 

using a 1 through 7 scale for water supply service and a 

1 through 5 scale for sewage disposal service. The code 

description used in the model is shown in Table II. 

Future total land use variables are the regional totals 

in th e forecast period for each land use variable. Just 
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as the present land use variables, the future total land 

use variables are broken down into population and employment 

variables with the same detailed descriptions. 

Future controllable variables are the same variables 

as the present controllable variables, except their value 

is based on the forecast period instead of the present time 

period. 

The present and future basic variables are_ changed now 

to transformed present and future variables. This trans-

formation is necessary so that the basic variables can be 

modified in t o different entities for proper use in the 

model. Explana tion of the present and future transformed 

variables follows. 

Present activity variables are those variables used to 

determine the accessibility of a zone to a particular acti-

vity. There are four activities used in this model: total 

families, number of families with an income of less than 

$10,000, number of families with an income greater than 

$10,000, and total employment. Also included in the p1·esent 

activity variables are the travel tim e variables for both 

automobile and rapid transit. It is these travel times 

which are most influential on the desi gn of the transporta-

tion system, and it is through this system that the regional 

planner c an exert the greatest influence upon the shaping 

of the environment (6). Transportation variables used in 
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the EMPIRIC Model are called accessibilities. The accessi-

bility of a zone g to an "activity" is defined as: 

• 
H 
~ -B·TA (t-1) 
L_ U he gh 
h = 1 z 

(3-1) 

where 

the quantity of present activity variable 
z in zone h, 

H = total number of zones, 

e = 

B = 

base of natural logarithms , 

travel time by automobile from zone g to zone h 
in minutes, 

an empirically derived factor usua lly between 
.005 and .15. 

Present tran s form ed controllable variables are divided 

into three basic groups: utiliti es service, vehicle accessi-

bility of a zone to an activity, and transit accessibility 

to an activity. Befo re the utilities service variables are 

us ed in the model, they are multiplied by th e used area of 

the zone. Likewise , each of the six access ibilities, three 

by automobile and three by rapid transit, are multiplied by 

the us ed area , UA, of the zone. 

Fu ture transformed controllable variables are sindlar 

to the present transformed controllable variables, with the 

ex c e pt i on o f t b e tr ave 1 t i me s b c t \\' e en the zone s in the s ix 
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accessibility equations and the time periods in the utili-

ties service variables. It is emphasized that for the six 

accessibility equations, the only difference between the 

present transformed controllable variables and the future 

transformed controllable variables is the travel time be-

tween zones. These forecast travel times are obtained from 

the forecast year networks. Thus, changes in accessibility 

are due entirely to changes in travel times between zones. 

Land developability variables are made up of the 

present land area variables and are transformed to measure 

the capacity of a zone for population growth and manufac-

turing and retail employment . The model does not include 

an explicit measurement of zoning because of the difficulty 

in collecting the data required for calibration and because 

zoning can have greatly varying degrees of effectiveness 

in controlling development in the various cities and towns 

of a region. Open space and recreation are not inputs to 

the model but are used by adjusting the land developability 

variables, so as to reduce the amount of land available for 

development . 

Gene ral Discussion ~ Model Outputs 

Nine dependent (output) variables are determined from 

the model; they are four population variables and five em-

ployment variables similar to the ones shown in Table I 
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where the four population variables are broken down accord-

ing to family income as follows: families with an annual 

income of less than $5,000; families with an annual income 

of between $5,000 and $9,999; families with an annual income 

of between $10,000 and $14,999; and families with an annual 

income of $15,000 and over. All incomes are measured in 

present year dollars. 

The five employment variables are defined as the num-

bers of persons employed in a particular industry by place 

of employment. The Standard Industrial Classification Codes 

are used to define the particular type of industry. These 

employment variables are broken down into the foliowing 

groups: manufacturing and construction (S.I.C. Codes 15-39); 

retail trade (S.I.C. Cod es 52-59); fina11ce, insurance and 

real estate (S.I.C. Cod es 60-67); services (S.I.C. Codes 

70-89); and others, including government, wholesale trade, 

transportation, communication, utilities, mining, agricul-

ture, forestries and fisheries (S.I.C. Codes 01-14, 40-50, 

91-99). 

Several other variables are forecasted separately fro m 

the nine dependent variables. They are : total population, 

which is highly correlated with numbers of families within 

the various income ranges, automobile ownership, school 

enrollment - grades kindergarten through 8th, and school 

enrollment - grades 9 through 12. These variables are 
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forecasted in a submodel and are based on the results of 

the nine output variables in the main model. 

Mathematical Description of the EMPIRIC Model 

All variables in the equations are expressed as shares 

of regional totals, and the model predicts changes in shares 

of activities between the base year and forecast year in 

each of the zones (subregions) into which the region is di-

vided. In describing the model in mathematical terms a 

number of quantities must be defined: 

Rih(t-1) = Vih(t-1) 

H L v. 1 (t-1) 
h = 1 l l 

= -----

~R.h . l = 

= 

zkh ( t) --

11 .(t) 
l 

vih(t) 

Ti(t) 

wkh(t-1) 

vih(t-1) 
H 
~ v.h(t-1) 
h = 1 l 

/!-- --;- ( t-1 ) 
h = 1 kh 

(3-2) 

(3-3) 

( 3--4) 

(3 - 5) 

(3-6) 



where 

L:\R.h ] _ 

= 

= 
L.h(t-1) 

J 
H L: L.h(t-1) 
h = 1 J 
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w ( t-1) kh I (3-7) 

(3-8) 

share of present land use variable i at time 
period t-1, in subregion h. 

= share of future land use variable i at time 
period t, in subregion h. 

= change in share of land use variable i, 
subregion h. 

share of present transformed controllable 
variable k at time period t-1, in subregion 
h. 

= share of future transformed controllable 
variable k at time period t, in subregion h. 

= change in share of the transformed con-
trollable variable k, in subregion h. 

Mjh(t-J) = share of land developability variable j~ 

at time period t-1, in subregion h. 

The equations comprising the EMPIRIC Model now can be 

stated in a general for~: 

f(6R, R(t-1), 6.Z, Z(t-1), Z(t), M(t-1)) - 0 (3-9) 

or in a specific fo rm : 
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N_ N ( ) MM A L: a. l\R. h + r= b. R. h t-1 + I::" ck L.)zkh 
i = l lp 1 i = 1 lp 1 k = 1 p 

+~ dk zkh(t-1) + ~ ek zkh(t) 
k = 1 p k = 1 p 

3 
+L°.: f. M.h(t-1) = 0 

j = 1 JP J " 
(3-10) 

This specific equation is a typical equation for each future 

land use variable p and for each subregion h. This equation 

also implies that the growth of a future land use variable p 

in subregion h is proportional to the growth of the remain-

ing land use variables i in subregion h, the present amount 

of the land use variables i in subregion h, and ~he amount 

of other controllable and land developability variables k 

and j, resp ec tj_vely. 

The ·coefficients aip' bip' ckp' dkp' ekp' and fjp are 

determined using simultaneous multiple linear regression 

techniques. Once the model has been calibrated, it is 

operated recursively for forecasting purposes. For each 

of the land use variables in each subregion there is one 

equation, and the system of equations is solved separately 

for each subregion . At full utilization, the model has N 

equations per subregion of the form previously discussed, 

whose simultaneous solution for a given forecasting period 

will provide growths or declines in subregional activity 

l evels durj_ng this interval. 



31 

The formulation of the variables enables the gro"ths 

or declines of land use levels to be handled quite easily. 

Once the changes in shares are forecasted, the model adds 

these changes to the shares at the beginning of the fore-

cast interval to obtain the new zonal or subregional shares 

and then multiplies the new shares by regional totals at 

the end of the forecast interval to obtain the actual land 

use levels in each zone. Interpreting this statement 

mathematically, we find the actual land use levels by using 

a rearranged version of equation 3-4 as shown below: 

vih(t-1) 
+ /!:: v.h(t-1) 

h = 1 l 

(3-l J) 

· EMPIRIC Land Use Model Equations 

The equations comprising the EMPIRIC Model and sub-

model are shown in Tables VII and VIII, with equations 1 

through 9 comprising the main model and equations 10 through 

13 comprising the submodel. All variables in both the main 

~odel and submode! are formulated as subrcgior1al shares of 

activities or as change in subregional shares. Variables 

measured at the forecast year are succeeded by (t), and 

variables measured at the base year are succeeded by (t-1). 

Variables representing cha n ges betwe en the base year and 

forecast year are preceded by (L\). All (t) and (t-1) 
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TABLE VII 

EMPIRIC LAND USE MODEL EQUATIONS 

Main Model 

Equation 1: ~Rih = .637~R2h - .295f\R3h + .01 8~RBh 

+ .133R1h(t-l) - .109R3h(t-l) + .044Z 2h(t-l) - .298~Z4:h 

- .068Z 4h(t-l) 

Egua ti on 2: ~ R2h = • 530 6.Rlh + . 337 b.R 3h + • 022 ~R7h 

+ .060~RBh - .101R2h(t-l) + .036R8h(t-l) + .OLt"l:1:z 1h(t) 

+ • 0 2 5M l h ( t-1 ) + • 3 0 2 ~ Z 4 h + • l l L1 6. Z 6 h 

Equation 3: ~R3h = - .125 ~Rlh + .627 6-R2h + .294 6.R411 

- .224R3h(t-l) + .196Z 1h(t - l) + .JL1 5~Zlh 

Equation 4: ~R4h = - .282~R2h + .603~R3h - .27 BR4h(t-l) 

+ .145Z 2h( t-l) + .11 8Z 1h(t-l) + .046M1h(t-l) - .384l.z 5h 

+ • 093 l::::i.z 711 
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TABLE VIII 

EMPIRIC LAND USE MODEL EQUATIONS 

Main Model 

Equation 5: .6aRSh = .220~R6h - .302RSh(t-l) - .015Rgh(t-l) 

+ .138M2h(t-l) + .278~ZBh + .121z 3h(t-l) 

Equation 6: 6.R6h = .456~ ,RSh + .08l~R?h - .132~Rgh 

+ .106RSh(t-l) - .194R6h(t-l) - .144AZ 4h + .095z 6h(t-l) 

Equation 8: ~RBh = - .252~R6h - .510R8h(t-l) + .022R9h(t-l) 

+ .620~Z 2h + .240bz 1h + .56L1~z 6h + .39oz 3h(t-l) 

Equation 9: ARgh = -.6lL1~R6h + .020R8h(t-l) 

- .159Rgh(t-l) + .11oz 6h(t-l) 

Submodel 

Equation 10: s2h(t) = . 94l1Qlh ( t) + .Ol6Z 2h(t) 

Equation 11: s3h(t) = .871Q6h(t) + . 1 6 !:1: z 2 h ( t ) 

Equation 12: s4h(t) = .91 8Qlh(t) + .154Z 2h(t) 

Eguat ion 13: s5h(t) = .87l1Qlh(t) + .095z 1h(t) 

+ . 03L1z 7h ( t) 

.042Z 6h(t) 

.065z 6 (t) 
h 

+ .037z 6h(t) 



34 

variables are formulated as subregional shares, and the (~) 

variables are formulated as changes in subregional shares. 

For the submode!, let Qmh(t) = Smh(t) 
H-------
L smh(t) 

(3-12) 

h = 1 

future additional submode! land use variable 
m, in subregion h, at time period t. 

Observations Based on Makeup £! EMPIRIC 
Land Use Model Equations 

A number of observations can be made upon examination 

of the model equations . They are as follows: 

1. Knowing that the magnitudes of the coefficients of 

the variables reflect the relative strengths of 

the causal influences on the growths of the output 

variables, one can see that the accessibility 

variables are the most important . of the controlla-

ble variables. This observation is ~ignificant, 

because there seems to be greater control over 

the transportation system at the regional level 

than over other controllable variables relating 

to the development and physical arrangement of 

land patterns. For the most par t, land development 

policies are determined at the local level by the 

citizens of the lo ca lities affected. Transporta-

tion policies cannot be isol ated at the subregional 

level. The function of transportation is to 
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connect places which have differing transportation 

desires, and major transportation policies must be 

decided on a regional level (6). At best, planners 

can plan and promote transportation improvements 

which r·einforce developmental decisions made at a 

local level (6). 

2. The uncontrollable variables, that is, those over 

which there is no direct planning control, are 

generally more influential in establishing loca-

tional patterns than are the controllable vari-

ables. Growth in each of the family income groups 

is very strongly related to growth in t~e adjacent 

income groups. In three of the five employment 

equations, one of the other output employment 

variables is the strongest variable. Incorpora-

tions of this nature provide realism to this type 

of simultaneous model . 

3. In all of the equations, the value of the output 

variable at the beginning of the forecast interval 

is one of the more ·important determinants of 

growth. It is known that the growth of a parti-

cular activi.ty in a zone is significantly influenced 

by the amount of activity already p resent in that 

zone. Employment growth is found to be dep endent 

more heavily on existing employment than is popu-

lation growth on existing population levels .. . 
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4. A negative coefficient modifying growth in vehicle 

accessibility in the low income equation indicates 

that these low income families do not have re-

sources to take their full share of the advantages 

of impr.ovements in the regional highway system. 

The highest income group also exhibited a negative 

sign for this variable. This could mean that this 

group would rather pay the higher costs of trans-

portation in order to reside in the suburbs. The 

very large income groups showed the concern for 

improved highways which many have taken for 

granted. Also, it can be seen that the middle 

and high income groups, in a very small but notice-

able way, take advantage of transit and commuter 

railroad service charges. 



MODEL APPLICATION 

The purpose of this research is to investigate the uses 

of the EMPIRIC L·and Use Forecasting Model for developing 

better and more rational plan alternatives. Two applications 

in the form of objectives are required to accomplish this 

investigation. The first objective in research with the 

EMPIRIC Land Use Model is to explore the reliability of the 

model in forecasting values of subregional land use vari-

ables given values for the input variables specified in 

Tables I, II, and III of Chapter III. This obje~tive deals 

more with the mechanical aspects of the model than with 

mod el theory. 

The second objective in research with the EMPIRIC Land 

Use Model is to treat the future vehicle travel times be-

tween zones, TAgh(t), as decision variables and to find 

the values of these times which will cause development in 

each zone (Vih(t)) that is as close to a priori goals as 

possible. According to the model, changes in interzonal 

travel times cause changes in the land use variables. Con-

sequently, if certain zonal goals for land use variables 

are held desirable by regional decisionmakers, the question 

arises as to what broad changes in the transportation 

system (interpreted as changes in vehicle travel time) will 

37 
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be necessary to achieve these desired goals. To answer this 

question is the second obje~tive of this research. 

·Application No. l - Trial 

In the beginning of the research, it was hoped that 

data could be collected for the southwestern part of Vir-

ginia, placed into the ·model, and checked for accuracy. 

Since it would have been difficult to obtain this enormous 

amount of information in a short period of time, it was de-

cided to use a hypothetical region with hypothetical data 

for its subregions. Every effort was made to assume data 

that were as practical and realistic as possible. It should 

be noted that since the model itself was highly complex in 

nature, trying to select meaningful and consistent data for 

the subregions was an arduous task. 

A region of three traffic zones (subregions) was se-

lected and is shown in Figure 1. Two of the zones were 

purposely made nearly identical in area and land use 

characteristics whereas the third zone was selected with 

land use area and characteristics considerably different 

from the other two zones, this action being done in a de-

liberate effort to check the model's forecasting ability 

and accuracy. The variables used as model application in-

puts are shown in Table X. Both present and future travel 

times between the zones were selected to provide a change 
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Highway 

Figure 1 . Hypothetical Plan of Region With Tl1ree 
Subregions Used in Application No . 1. 
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TABLE IX 

TRAVEL TIMES BETWEEN ZONES IN MINUTES 

USED AS INPUTS TO APPLICATION NO. l * 

Zones (g-h) Vehicle Rapid Transit 
TAgh(t-1) TAgh(t) TTgh(t-1) TTgh(t) 

1-2 15 10 12 10 

1-3 24 18 21 18 

2-3 24 20 21 20 

*TA = TAhg ; TTgh = TTh gh g 
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TABLE X 

ADDITIO~AL MODEL APPL I CA '11 ION NO. 1 INPUTS 

Input Region 
Variables Zone 1 Zone 2 Zone 3 Time Period ( t) 

v1h(t-1) 1,000 1,000 500 1,000 

v2h(t-1) 2,000 2,000 500 6,ooo 
v3h(t-1) 500 500 1,500 4,000 
v4h(t-l) 500 500 2,000 4,000 
v5h(t-1) 2,000 2,000 500 5,000 
v6h(t-1) 1,000 1,000 2,000 5,000 
v7h(t-l) 1,000 1,000 1,500 4,400 
v8h(t-1) 1,000 1,000 1,000 3,750 
v9h(t-l) 1,000 1,000 1,000 3,750 
NAPh(t-1) 5,000 4,000 5,000 
NAMh(t-1) 15,000 18,000 5,000 
NARh(t-1) 10,000 8,000 5,000 
UAh(t-1) 30,000 30,000 20,000 
GAh(t-1) 32,000 32,000 64,000 
L111 (t-l) 313 250 3,440 
L2h(t-l) 91-J:O 1,130 3, 4l10 

L3h(t-l) 625 500 3, 4L10 

wh(t-1) 7 7 7 
sh(t-1) 5 5 5 
wh(t) 7 7 7 
sh(t) 5 5 5 
slh(t) 1-J:' 000 4,000 4,500 15,000 

s2h(t) 15,000 15,000 15,000 56,250 

s3h(t) 3,000 l±' 000 6,000 17,000 

s4h(t) 2~000 3,000 2,000 10,000 

s5h(t) 4,000 3,000 4,000 14,000 
32 x 106 6 45 x io6 6 

s6h(t) 32 x 10 150 x 10 



TABLE XI 

CALCULATION FOR TRAVEL ACCESSIBILITY 
FOR EQUATION 1, ZONE 1, APPLICATION NO. 1 

From Equation (3-7), for any zone h: 

fl z = w 4h ( t ) 
4h /!: w ( t) 

h = 1 4h 

Therefore for zone 1: 

w41(t) Az41 = _H ____ _ 
L" w 4h ( t) 
h = 1 

w41 (t-1) 

and from Table V: 
G 

W 4h ( t) = ~ = l UAh ( t-1) U 4g EXP (-B · TAhg ( t)) 

Therefore for zone 1, with g defining all zones: 

and 

G 
= L uA 1 (t-1) u 4 (t-1) EXP(-B·TA1 (t)) 

g = 1 g g 
= 30,000 [6oooe 0 + 6oooe-( .o5)(io)+ 6oooe-( .o5)(1BU 
= (3 0 , 0 0 0 ) ( 6 O 0 O ) [e 0 + e - ( · O 5 ) ( 1 O ) + e - ( · O 5 ) ( 18 j 
= (30,000)(6000)(2.01) = 36.18 x 107 

/!: w4h(t) = f: t: UAh(t-1) u4g·(t-l)EXP(-B·TAhg(t)) 
h = 1 h = 1 g=l 

= (30,000) ~ooe0+6oooe 0+6oooe 0+6000e-(.05)(lO) 
+ 6000e-(.05)(l0)+6000e-(.05)(l 8 ) 

+ 6000e-(.o5)(lS)+6000e-(.o5)( 2o) 

-( .05) (20)1 
+ 6000e ~ -(.05)(l8) 

= 30,000(6ooo)Ge 0 +2e-(.o5)(l0)+ 2 e 

+28-(.05)(20)] 

f!: w4h(t) = (30,000)(6000)(5.75) = io2.75 x io 7 
h = 1 
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TABLE XII 

CALCULATION FOR TRAVEL ACCESSIBILITY 
FOR EQUATION 1, ZONE 1, APPLICATION NO . 1 

From Table IV: 

~4l(t-l) 

w41 (t-1) 

and: 

G 
= L UA 1 ( t-1 ) u 4 ( t-1 ) EXP ( -B . TA 1 ( t-1 ) ) 

g = 1 g g 

= 30,000 j6oooe 0 + 6oooe-(.o5)(l5)+6oooe-(.o5)(z~ 
= (30,000)(6000)(.;0o + e-(.05)(l5)+e-(.05)(241J 

= (30,000)(6000)(1.77) = 31.86 x 107 

f!:: w4h(t-l) =I: ~ UAh(t-1) u4o-(t-·l)EXP(-B·TAh (t-1)) 
h = 1 h=l g=l b g 

= 30,000 ~ooe0 +6oooe0+6oooe0+6oooe-(.05)(l5) 

+6000e-(.05)(l5)+6000e-(.05)( 24 ) 

+6000e-(.o5)( 24 ) + 6000e-(.05)( 25) 

+6000e-(.05)( 24~ 
= (30,000)(6000) (]e0 + 2e-(.o5)(15) 

+ lrn-(.05)(24TI 

I!: w4h(t-1) = (30,000)(6000)(5.14) = 92.52 x 107 
h=l 

which leads to: 

36.18 x 10 7 - 31. 8 6 x 10 7 
= io2.75 x 107 92.52 x io7= .350 - .344 = .006 
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TABLE XIII 

CALCULATION OF EQUATION 1, ZONE 1, APPLICATION NO. 1 

From Table VII, using equation 1, for any zone h: 

~Rih = .6376R2h - .2956R3h + .0186R8h + .133R1h(t-l) 

- .109R3h(t-l) + .044Z 2h(t-l) - .298AZ 4h 

- . 0 6 8 z l1 h ( t-1 ) ' 

and using the relationships discussed previously in Chapter 

III: 

and using Zone 1 as an example, with values shown in Tables 

x and XII: vll(t) - 1000 = .63 7[v21(t)_ 2000] 
iooo 25°0 6000 4500 Iv 31,( t) 50~ Iv 81 ( t) loo~ r1000J 

· 29 5 L4ooo -250~ + • 01 8 l37 50 - 300~ + • 133 L2500 

- • 1o9 [2 ~ g g J + • o 4 4 B g g : g g ~ _ . 2 9 s ( . o o 6 ) _ • o 6 s ( • 3411 ) • 

and placing all the land use variables on the left side of the 
equation, with the right hand side a constant, the final 
equation is: 
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TABLE XIV 

FINAL EQUATIONS FOR ZONES 1, 2, AND 3, APPLICATION NO. l * 

Zone 1 

1. v 11-.106 v 21 + .074 v 31 - .0048 v 81 = 191 
2. -3.18 v 11 + v 21 - .505 v 31 -.o3 v 71 - .096 v 81 = 730 
3. -.5 v 11 + .425 v 21 - v 31 + .294 v 41 = 323 
4. .188 v21 - .603 v31 + v41 = 977 
5. y51 - .247 v 61 = 1758 
6. -.407 v 51 ~ v 61 - .092 v 71 + .176 v 91 = 475 
7. -.387 v 61 + v 71 = 367 
8. .189 v 61 + v 81 = 98 5 
9. .461 v 61 + v 91 = 1793 

Zone 2 

1. v 12 - .106 v 22 + .074 v 32 - .0048 v82 = 19 4 
2. -3.18 v 12 + v 22 - .505 v 32 - .03 v 72 - .096 v 82 = 713 
3. -.5 v 12 + .425 v 22 - v 32 + .294 v 42 = 323 
4. .188 v 22 - .603 v 32 + v 42 = 987 
5. v 52 - .247 v 62 = 1781 
6. -.407 v 52 + v 62 - .092 v 72 + .176 v 92 = 484 
7. -.387 v 62 + v 72 = 343 
8. .189 v 62 + v 82 = 971 
9. .461 v 62 + v 92 = 1793 

Zone 3 

1. v 13 - .106 v 23 + .074 v 33 - .0048 v 83 = 295 
2. 3.18 v 13 - v 23 + .505 v 33 + .0 3 v 73 + .096 v 83 = i100 
3. .5 v 13 - .425 v 23 + v 33 - .294 vl13 = 1316 
4. .1 88 v 23 - . 603 v 33 + v 43 = 891 
5; v 53 - .247 v 63 = 504 
6. - . . 407 v 53 + v 63 - .09 2 v 73 + .1 76 v 93 = 2044 
7. - . 387 v 63 + v 73 = 645 
8. .139 v 63 + v 83 = 2367 
9 .. 461 v 63 + v 93 = 2355 

*The V's are und ers tood to be futur e values . The (t) index 
has been omitt ed for simplicity. 
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in the travel time variables from the present time period 

to the forecast period. These times are shown in Table IX. 

After selection of the region and zones, travel acces-

sibilities were calculated. A typical calculation is 

shown in Table XI. This calculation was performed for 

each equation that contained either vehicle or rapid tran-

sit accessibilities, or both. Equations then were written 

for each zone (nine equations per zone) for a total of 27 

equations, as shown in Table XIII. Typical examples of 

relevant calcul a tions in this step are given in Table XII. 

In order to calculate the future land use variables for 

each zone, the nine equations for each zone were solved 

simultane ously through the use of a computer program. Re-

sults for Application No. 1 will be given in Chapter V. 

Application No. ~ - Goal Pro gramming 

A region of six traffic zones was selected for appli-

cation No. 2, with the regional plan as shown in Figure 2. 

Travel times and their use in this objective are shown in 

Table XV. 

In order to accomplish this objective, several assump-

tions and algebraic manipulations had to be made . The 

first manipulation involved the elj_rnination of the problem 

of working with a power of e. This manipulation can be 

stated mathem~tically as: 

y ~ e-B.TAgh(t) (4- 1) 
gh 
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Highway 

Rapid 

Figure 2. Hypothetical Plan of Region With Six 
Subregions Used in Application No. 2. 



Zones 

1-2 
1-3 
1-4 
1-5 
1-6 
2-3 
2-4 
2-5 
2-6 
3-4 
3-5 
3-6 
4-5 
4-6 
5-6 
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TABLE XV 

TRAVEL TIMES BETWEEN ZONES IN MINUTES 
USED AS INPUTS TO APPLICATION NO. 2* 

Vehicle Rapid Transit 
TAgh ( t-1 ). TAgh(t70)* TT h(t-1) TT h(t) g g 

15 5 12 10 
24 10 21 18 
30 10 28 25 
45 15 40 38 
39 13 35 32 
24 10 21 20 
15 5 12 10 
30 10 28 25 
24 10 21 18 
24 10 21 18 
39 13 35 32 
30 10 28 25 
15 5 12 10 . 
24 10 21 . 18 
24 10 21 18 

*These vehicle travel times are based on speed of 
70 mph between zones and are not necessarily the 
travel times in the desired objective. 
TAgh = TAhg; ri1T gh = TThg 
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Since there were six zones in the region, there were 

30 different values of Ygh" Therefore, to simplify the 

problem, Ygh was assumed equ~l to Yhg' thus eliminating 

one-half of the travel time variables. (This assumption 

is logical if carried over a 24-hour period.) B was as-

sumed to equal .1 for all travel accessibilities. For 

reasons of practicality, upper and lower limits were placed 

on the interzonal travel times. Present travel times were . 
used as the lower limits, and 70 mph was used as the speed 

to determine the upper limits. These assumptions can be 

stated mathematically as: 

-B·TA (t-1) 
Dgh = e gh (4-2) 

where Dgh is the lower limit based on present travel time, 

and 

(4-3) 

where Egh is the upper limit using a speed of 70 mph to 

define travel time (t 70 ). 

It should b e noted that as travel time decreases, the 

upp er limit is approached; conversely, when travel time 

increases, the lower limit is approached. 

Referring to Tables VII and VIII, it can be seen that 

five of the nine equati.ons in the main model contain travel 

time components. Since the future travel times as well as 
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future land use variables are unknown, any equatio~, p, of 

the form of ~quation (3-10), Chapter III, should be written 

for any zone h in the form: 

H 
5i=lrgh Ygh 

~ aipvih(t) 
i=l 

+ H H 
L L. r h Ygh 
g=l h=l g 

ll.rhere vih(t) = amount of future land 
zone h, 

use 

a. lp = coefficient as in Equation 

(4-4) 

variable i in 

(3-10)' 

cih = constant composed of all nonvariable 
elements in Equation (3-10) adde·d 

and 

* for the particular z used in each equation p. 

Equation 4-4 can be rewritten as: 

H H 
cihL L rhYh =0 

g=l h=l g g 

together, 

(4-5) 

( 11-6) 

In an effort to solve for the various Ygh and Vih(t) 

variables, a nonlinear program of the following form was 

derived: 

(4-7) 

*See Tables VII and VIII for the particular z used in each 
equation. 



subject to: 

H H 
L L 

where 

g=l h=l 

H H 
cih L L rghygh = o, 

g=l h=l 

t Vih(t) = Ti(t), 
h=l 
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(all i, h) (4-8) 

(all i) (4-9) 

(all g, h) (4-10) 

(all i, g, h) (4-11) 

Gih = goal for land use variables i in zone h and 

T.(t) =future total land use variable i. 
l 

The reason for squaring the difference between each future 

zonal land use variable and its goal in the criterion 

function is to keep each variable as close to its respective 

goal as possible, not allowing large negative values of 

Vih(t) as would be the case if the differences were not 

squared. 

Equation (4-9 ) is necessary because the sum of the 

future subregional land use variables should equal the 

future regional total for each type of land use variable. 

Equation (4-11) is written to insure only non-negatj_ve 

variables in the pro gram. Equations (4-8) and (4-10) have 

been explained previously. 
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Equation (4-8) is nonlinear with a large number of 

cross products and individual terms, a situation which 

creates considerable difficulty in obtaining a solution, 

especially when there are numerous traffic zones involved. 

To eliminate this problem, the· following substitution is 

made: 

Let VA z 

= t f. UAh(t-l)Uzg(t-l)Ygh 
g=l h=l 

(4-12) 

( l1-13) 

Upper and lower limits on the travel times, as shown in 

equations (4-2) and (4-3) are used as limiting values for 

VA , and a particular value is chosen at about the midpoint z 

of the upper and lower limits. An example of this calcula-

tion is shown in Table XVI. Just as in the nonlinear prob-

lem, B is assumed equal to .1 for all travel accessibilities. 

Equation (4-8 ) now may be rewritten as: 

r hy h = c.hVA g g l z (all i, h) 

This equation is linear, and the problem of cross products 

of variables is eliminated, which thus sets the scene for 

the use of goal pro gramming . 

Go al programming is a linear programming -technique that 

takes into account fixed goals and variables which one would 

desire to be as clos e to these goals as possible in the 
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TABLE XVI 

CALCULATION OF VAZ, APPLICATION NO. 2 

= value of VA at lower limit; z 

B = .l; u4g = 150,000; UAh = 15,000; 
H G 

VAzl = [ [ UAh(t-1) u4g(t-l) EXP(-B·TAhg(t-1) 
h=l g=l 

= (15,000)(150,000) [(6e0 +6e-(.l)(l5) +12e-(.l)( 24 ) 

6 -(.1)(30) 4 -(.1)(39) 2 -(.1)(45)] + e + e + e 

VAzl = (15,000)(150,000)(9.13) = 205 x 108 

Let VAz 2 =value of VA at upper limit* ; z 

B = .l; u4g = 150,000; UAh = 15,000; 

VAz 2 = f_: t UAh(t-1) u4 (t-1) EXP(-B·TAh (t)) 
h=l g=l g g 

= (15,000)(150,000) [6e0 + 6e-(.l)(5)+18e-(.l)(lo) 

9 - ( . 1 ) ( 1 3 ) 2 - ( . 1 ) ( 1 5 )1 
+ e + e J 

VAz 2 = (15,000)(150,000)(17. 80) = 400 x 108 

__ VA z l + VA z 2 __ ( 2 0 5 + l100 ) ( 1 O 
8 ) Therefore, VAZ 

2 2 

*Travel time based on intcrzone speed of 70 mph. 

= 302.5 x 108 
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future. To understand goal programming, consider the 

following equation: 

(4-15) 

where xih(t) is added if the goal is greater than the 

present value of the land use variable, Vih(t-1), and 

Xih(t) is subtracted if the situation is reversed. In other 

words, Xih(t) is a positive variable representing the dif-

ference between the present value of the land use variable 

and the goal. Thus, by minimizing the value of the X(t) 1 s 

in Equation (4-15), the variables come closer to the de-

sired goals. This objective can be stated mathematically 

in a criterion function as follows: 

M . . . F H 9 X in1m1ze = L I: .h' 
h=l i=l l 

(4-16) 

which is a neat lj_near combination. As a consequence of 

this linearization and the one perform e d in Equations 

(4-12) to (4-14) a strictly linear pro gram is obtained : 

Minimize F = ¥- ~ x (t) 
L L ih ' 
h=l i=l 

subject to: 

VA ~ q.lv.h(t) +~ rghygh = 
z l=l 11 l g=l 

f Vih(t) = Ti(t), 
h=l 

(all i) 

(4-17) 

c.hVA , (all i, h) 
l z 

(4-18) 

(4- 19) 
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(all g, h) (4-20) 

~ f UAh(t-1) U (t-l)Y h(t) = 
g=l h=l zg g 

VA z (z=l, 3, 4) 

(4-21) 

(all i, g, h) (4-22) 

It is noted that although there are three values of 

z defined for equation (4-21), only one equation is used 

for Application No. 2. The reason for this is because 

ulg = u3g = u4g for this application. 

It should be understood that once the values of Ygh 

and V ih ( t) are obtained, another trial using a di.f feren t 

VAZ is necessary, this process continuing until a VAZ is 

found which gives an overall minimum of F. To find the 

next VA to use, remember that each linear programwi n g z 
problem has associated with it another linear pro g rammi ng 

problem called its dual. This dual indicates the sensiti-

vity to a un it change in the right hand side (of each 

equation) of the value of the criterion function. 

Therefore, to establish a new trial value for e a ch 

VAZ, it is necessary to note the sign of the dual corres-

ponding to each previous VA , increasing the new VA if z z 
the dua l is negative, and vice versa. In essence, what 

eventually is needed is to find <f where: 

lJ-' := Min F 

VA Is z 

(z =: 1, 3, 4) (4-23) 
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Linear programming was used in an effort to find the 

15 travel time variables and the 54 land use variables 

which would give a minimum lf. Since the solution of the 

problem involved the determination of the values of the 

69 variables, a ~inimum of six traffic zones was needed 

in order to provide a feasible example. The inputs for 

the six traffic zones pictured in Figure 2 are given in 

'!'ables XV, XVII, XVIII, and XIX, while the pres en ta ti on 

of results is delayed until Chapter V. 



TABLE XVII 

ADDITIONAL MODEL APPLICATION NO. 2 INPUTS, LAND USE VARIABLES* 

Variables 

vlh(t - 1) 

v2h(t-1) 

v 3h(t-l) 

v4h(t-1) 

v5h(t- 1) 

v6h(t - 1) 

v7h(t - 1) 

vsh(t-1) 

v9h(t-1) 

Zone 1 

25,000 

50,000 

12,500 

12,500 

60,000 

110' 000 

25,000 

20,000 

5,000 

Zone 2 

25,000 

50,000 

12,500 

12,500 

60,000 

40,000 

25,000 

20,000 

5,000 

Zone 3 

25,000 

50,000 

12,500 

12,500 

60,000 

40,000 

25,000 

20,000 

5,000 

Zone 4 

25,000 

50,000 

12,500 

12,500 

60,000 

40,000 

25,000 

20,000 

5,000 

Zone 5 

25,000 

50,000 

12,500 

12,500 

60,000 

40,000 

25,000 

20,000 

5,000 

Zone 6 

25,000 

50,000 

12,500 

12,500 

60,000 

40,000 

25,000 

20,000 

5,000 

*Travel times between zones used as inputs for Application No. 2 
are given in Tabl e XV. 

Total for 
Region 

151,500 

303,000 

75,700 

75,700 

363,600 

242,400 

151,500 

121,200 

30,300 

V1 
"'-1 



TABLE XVIII 

ADDITIONAL MODEL APPLICATION NO. 2 INPUTS, NON-LAND USE VARIABLES* 

Variables 

NAPh(t-1) 

NAMh(t-1) 

NARh(t-1) 

UAh(t-1) 

GAh(t-1) 

L1h(t-l) 

L2h(t-l) 

L 3h(t-l) 

wh(t-1) 

sh(t-1) 

wh(t) 

sh(t) 

Zone 1 

10,000 

2,500 

2,500 

15,000 

30,000 

5,000 

1,250 

1,250 

7 

5 

7 

5 

Zone 2 

10,000 

2,500 

2,500 

15,000 

30,000 

5,000 

1,250 

1,250 

7 

5 

7 

5 

Zone 3 

10,000 

2,500 

2,500 

15,000 

60,000 

7,500 

1,875 

1,875 

7 

5 

7 

5 

Zone 4 

10,000 

2,500 

2,500 

15,000 

30,000 

5,000 

1,250 

1,250 

7 

5 

7 

5 

Zone 5 

10,000 

2,500 

2,500 

15,000 

30,000 

5,000 

1,250 

1,250 

7 

5 

7 

5 

Zone 6 

10,000 

2,500 

2,500 

15,000 

60,000 

7,500 

1,875 

1,875 

7 

5 

7 

5 

Total for 
Region 

*Travel times between zones used as inputs for Application No. 2 are 
given in Table XV. 

\Jl 
00 



Variables 

Glh(t) 

G2h(t) 

G3h(t) 

G4h(t) 

G5h(t) 

G6h(t) 

G7h(t) 

G8h(t) 

G9h(t) 
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TABLE XIX 

ADDITIONAL MODEL APPLICATION NO. 2 INPUTS 

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 

*-25,000 -25,000 -25,000 +25,000 -25,000 +25,000 

+50,000 +50,000 -50,000 -50,000 +50,000 -50,000 

-12,500 -12,500 -12,500 -12,500 -12,500 -12,500 

-12,500 -12,500 +12,500 +12,500 -12,500 +12,500 

-60,000 -60,000 +60,000 +60,000 +60,000 +60,000 

-40,000 -40,000 +40,000 +40,000 +40,000 +40,000 

-25,000 -25,000 -25,000 -25,000 +25,000 -25,000 

+20,000 +20,000 -20,000 -20,000 -20,000 -20,000 

+ 5,000 + 5,000 - 5,000 - 5,000 - 5,000 - 5,000 

*- = "equal to or greater than" 

+ = "equal to or less than" 



CHAPTER V 

RESULTS AND CONCLUSIONS 

In order to calculate the future land use variables 

for Application No. 1 as discussed in Chapter IV, the nine 

equations for each zone are solved simultaneously through 

the use of a computer program. Results for Application 

No. 1 are given in Tables XX and XXI. Linear programming 

is used to find the 15 travel time variables and the 54 

land use variables for Application No. 2 as discussed in 

Chapte r IV. Results for Application No. 2 are given in 

Table XXII and XXIII. 

Conclusions for Application No . 1 

It can be readily seen that the EMPIRIC Model did 

distribute the forecasted regional land use values for 

each subregion. It was observed that the changes in 

growth in zon e s 1 and 2 were nearly identical to each 

other, and quite different from zone 3. This further 

proves the theory that zonal growth or decline is heavily 

dependent on activities already present in the zone. 

There was considerable growth in zone 3, in both 

population and in employment. The growth in the middle 

and upper income population and in manufacturing and con-

struction, retail, and service employment was substantial. 

The increase in the middle and upp er income population 

60 



Land Use 
Variables 

vlh(t) 

v2h(t) 

v3h(t) 

v4h(t) 

v5h(t) 

v6h(t) 

v7h(t) 

v8h(t) 

v9h(t) 

MODEL 

Zone 1 

400 

2529 

850 

1014 

2045 

1161 

816 

766 

1258 
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ri1ABLE xx 

OUTPUTS FOR APPLICATION NO. 1 

Main Model 

Total for 
·zone 2 Zone 3 Region* 

401 251 1052 

2512 1060 6101 

845 2242 3937 

1024 2044 4082 

2073 1102 5220 

11 8 2 2420 4763 

800 1581 3196 

748 1910 3424 

1248 1240 3746 

*The tot a ls for th e r egion are not mo de l outpu t s, but 
are placed in the tabl e for comparison with f utur e 
total land us e variabl e inputs shown in Tabl e X. 



62 

TABLE XXI 

MODEL OUTPUTS FOR APPLICATION NO. 1 

Submodel 

Submodel Total for 
Variables Zone 1 Zone 2 Zone "'T Region J 

slh(t) 4,793 3,782 5,597 14,172 

s2h(t) 17'8'-t4 17,804 20,828 56,476 

s3h(t) 5,205 5,209 6,776 17,190 

s4h(t) 3,157 3,090 3,993 10,240 

s5h(t) 4,413 4,412 5,381 14,206 

s6h(t) 48.3 x io6 37.3 x 10 6 71.4 x 10 6 



groups in this zone would indicate a general movement of 

these groups to the suburbs from the crowded urban area. 

An increase in the above noted employment indicates the 

need for these jobs in this zone to take care of the in-

creased population. There was also a considerable increase 

in the number of children in the kindergarten to eighth 

grade levels. This further indicates the strong desire 

for the young, middle, and above income families to move 

to the suburbs. 

Also noted was the effect of a change in the trans-

portation system on the distribution of land use values 

in the zone. A decrease in travel time of about .25 per 

cent for the forecast year was selected, and this change 

was observed to have only a minor effect on the land use 

variables. The travel accessibilities were the only 

interzonal relationships in the land use model; thus, 

if the zones were quite large, the effect of one zonal 

activity or another activity would be reduced. 

It was observed that the model performed better with 

the population variables than the employment variables 

insofar as the comparison of sums of pre dicted land use 

variables and future total land use variables actually 

used as inputs. In particular, retail employment was 

predict ed with significantly greater differenc es than the 

population variables. As it turne d out , all of the 



population and employment variables for the sum of the 

three zones were within 95 per cent of the future regional 

totals with the noted exception of retail employment which 

was within 70 per cent of the regional total. The reason 

for this is that employment activities usually are rela-

tively more difficult to predict with a statistical model 

such as the EMPIRIC Model. The model tends to be best at 

locating large numbers of small units such as households, 

rather than lumpy activities that have spotty distribution 

patterns and tend to locate region wide in relatively few 

and large clusters of activity. 

Another point to be stressed is the need for the con-

straint which relates the sum of the future land use vari-

ables to the regional total, as in equations (4-9) and 

(4 - 19), and which le a ds to the second application. 

Res u 1 ts for App 1 i ca t i on_ No . _g_ . 

Using the criterion function and constraints for the 

linear program explained in Chapter IV, it was determined 

that a "no feasible solution" was obtained through the use 

of a computer program. In an ef f ort to arrive at a feasi-

bl e solution, the regional constraints on the land use 

variables, equation ( 4-19), ·were removed. When a "no 

feasibl e solution" was obtained as a result of this modi-

fication, the upper limits of the travel time constraints, 
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equation (4-20), were modified to a value of 1.0 (TAgh=O). 

As a result of this modification, a feasible solution was 

obtained and the results of Application No. 2 are shown in 

Tables XXII and XXIII. 

Conclusions for Application No. ~ 

Referring to Table XXII and comparing land use vari-

able outputs to present land use variables, it can be seen 

that there are growths and declines in land uses in the 

subregions. The reason for the value of land use variable 

v65 being equal to zero is unknown. The future regional 

totals are close to the present regional totals, with the 

exception of the sum of land use variable v6h, which con-

tains variable v65 . Referring to Table XXIII, the output 

travel times were very similar to the input travel times, 

with the _exception of Y34 and Y46 , which were 1.0 (inter-

zoual travel time = 0). 

On e can see that goal programming can be used to 

determine stibregional land use variables and travel times 

between those subre g ions that are practical and within 

limits of realism, but not entirely accurate. Since two 

modifications to the linear pro gram were necessary to 

achieve a feasi b le solution, proper selection of subregional 

land us e goals is very important in order to achieve ac-

cura te subregional land u se variables and practic a l travel 
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TABLE XXII 

MODEL OUTPUTS FOR APPLICATION NO. 2 

Land Use Total for 
Variables Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Region 

vlh(t) 26,511 26,418 2l1,795 23,165 26,476 24,993 152,358 

v2h(t) 47,763 47,288 55,898 57,757 48,598 56,271 313,575 

v3h(t) 12,663 12,718 13,336 13,274 12,743 13,387 78,121 

v4h(t) 14,503 14,929 12,022 10,458 ll1, 316 12,034 78,262 

v5h(t) 62,475 63,257 58,795 57,691 47,304 58,446 347,968 

v6h(t) 46,076 48,052 3l1, 543 30,883 0 34,685 194,238 

v7h(t) 25,323 25,280 25,758 25,069 12,926 25,719 140,075 

v8h(t) 19,29l1 19,145 20,737 21,308 25,099 20,779 126,362 

v9h(t) 4,563 4,441 5,438 5,759 8,100 5,l127 33,728 
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TABLE XXIII 

MODEL OUTPUTS FOR APPLICATION NO. 2 

ygh Travel Time (TA h) 
in Minutes g 

yl2 = ... 224 15.0 

yl3 = .091 24.0 

yl4 = .050 30.0 

yl5 = .011 45.0 

yl6 = .020 39.0 

y23 = .091 2LJ:. 0 

y24 = .224 15.0 

y25 = .050 30.0 

y26 = .091 24.0 

y 3LJ: =1.000 0.0 

y35 = .091 20.0 

y36 = .202 16.o 

y 
l15 = .2 24 15.0 

y46 =1.000 0.0 

Y56 = .131 20.3 
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times between subregions. Therefore, one can conclude 

that the land use goals as used in this application are 

unattainable through the use of a practical transportation 

system. 

Because of ·the complexity of the EMPIRIC Land Use 

Model, realistic data must be used as inputs to the model 

that will reflect the interaction between urban and trans-

portation planning. Since the inputs to the model in this 

application are hypothetical, there is the possibility 

that the inputs do not reflect the true nature of the 

interaction between land use and transportation. For ex-

ample, the value for utility service (water and sewage) 

should reflect the plans of the subregion's administration. 

If these values are unrealistic, the future value of the 

subregional land use variables also could be unrealistic. 

Similar reasoning can be applied in the selection of 

realistic subregional land use goals that can be met by 

a practical and realistic transportation system. 

The EMPIRIC Land Use equations as shown in Tables 

VII and VIII are not entirely consistent. If there are no 

changes in land use variables, trans portation policies and 

utility services, the equations should describ e the present 

state of the subregion. An examination of the equations 

reveals the d escr iption of the existing state of the sub-

region t o be not completely accurate . This inconsistency 
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could explain why the sum of the future subregional land 

use variables does not equal the future regional value; 

yet this sum does for the most part fall within reasonable 

and practical limits, as shown in Application No. 1. 

Only one calculation of VA is used in this applica-z 
tion, the reason for this being explained in Chapter IV. 

Therefore, the results of Application No. 2 do not repre-

sent a complete search that would be necessary to find 

the overall optimal solution for r. 
It should be noted that the model contained both +l 

and -1 values for the land use variables in the criterion 

function when a feasible solution was obtained. If the 

criterion function con ta ined all +l or -1 values for the 

land use variables, the model would produce an infeasible 

solution jf it contained the regional constraint equation 

In this research, land use variable goals were as-

sumed as a sense of direction, and the model was used to 

see if the transportation system would satisfy these goals 

in a practical manner. Another use of the model would be 

to assume exact values for each future land use variable, 

and then determine what changes in transportation and 

utilities s ervice would be required to satisfy the selection 

of the land use variables. 
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Since this research did not include a study of this 

use, it is not known what changes or manipulations to the 

model will be necessary to arrive at a practical solution 

to the problem. However, this second case could be justi-

fication for further research with the EMPIRIC Model. 

This research has determined the necessity of obtain-

ing accurate and realistic input data for the EMPIRIC Model 

prior to any application. In this respect, this research 

has formulated a sense of direction for the urban planners, 

engineers and administrators in the preparation of plans 

for the cities' future that will include simultaneous 

changes in both land use and transportation facilities. 
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UTILIZATION OF THE EMPIRIC LAND 
USE FORECASTING MODEL FOR INVESTIGATIONS 
OF URBAN DEVELOPMENT PLANNING STRATEGIES 

by 

John Tilden Harrison 

Abstract 

The purpose of this research was to use the EMPIRIC 

Land Use Forecasting Model to investigate urban develop-

ment planning strategies. These investigations required 

two applications, the first dealing with the selection of 

certain regional plans describing the use of transporta-

tion, zoning, open space, utilities, etc., and the sub-

sequent determination of subregional land use val~es for 

the forecast period. The second application dealt with 

the selection of a regional transportation (travel time) 

improvem en t plan that would induce growth in subregional 

land use variabl es that would bring their intensities as 

close to a priori goals as possible. The EMPIRIC Land 

Use Forecasting Model was used because it appeared to be 

the most reliable land use predic t ion model available . 

The first objective was accomplj_shed by the solution 

of simultaneous linear equations, with nine equations for 

each of the three traffic zones. It was determined that 

the EMPIR!C Model did determine the future subregional 

land us e variables with a high degree of reliability. 



Goal programming was used to accomplish the second 

objective, a~d through a series of manipulations, a linear 

program was developed that would determine future trans-

portation plans if realistic subregional land use vari-

ables . were selected as goals. 

It can be said that the EMPIRIC Land Use Forecasting 

Model is a definite aid in the urban planning process, 

and from its use, plans for a city's future can be formu-

lated that will include simultaneous changes in both land 

use and transportation facilities. 
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