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ABSTRACT 

The age of a population is observed to be influential in how land is used. 

Various land uses attract different volumes of traffic. With population pyra­

mids, the population of the age groups can be predicted, and it follows that 

future land requirements by type of use (including streets and roads) can be 

estimated. In turn, these land use estimates can be used to predict the amount 

of transportation facilities needed to meet the traffic volumes attracted. 

Two demand models are formulated to study the land use and the transporta­

tion need. The demand model for land in different uses consists of two parts. 

First, two equations one for single-unit housing and the other for multiple­

unit housing, are used to relate residential land use to the three identified 

age groups: the young (15-19), the middle-aged (20-64) and the old (65 years 

and over) groups. The model's resulting elasticity coefficients can be used to 

estimate the total percentage change in residential use. Second, the model 

assumes that the percentage distribution of land uses to total developed area 

remains unchanged over the study period. Therefore, the percentage change in 

residential use estimated can be assigned to other land uses. The demand model 

for transportation facilities by land uses consists of two equations, relating 

automobile vehicle-miles and transit vehicle-miles separately to residential 

and commercial uses. 

The estimation results indicate that the middle-aged group is significant­

ly responsive to single-unit housing, with an elasticity of 0.8802 while the 

young and the old groups to ~ltiple-unit housing with elasticities of 0.9909 

and 0.7138, respectively. Commercial land use is found to be significantly re­

sponsive to automobile vehicle-miles while residential land use as represented 

~ the number of housing units without automobiles to be responsive to transit 

vehicle-miles. 
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SUMMARY OF FINDINGS 

The growth of a city depends much on the growth of its population, and 

population of the various age groups ;s observed to be influential in how land 

is used. It is also known that various land uses attract different traffic 

volumes. It appears that population pyramids are useful to predict population 

of age groups in future years, and to serve as a good data base for estimating 

future land requirements by type of use. In turn, future land requirements by 

type of use can predict the appropriate amount of transportation facilities 

needed to meet the growth. For city planners and officials, information 

derived from these predictions is essential in city planning. The closer the 

predictions are to reality, the better a city is prepared to provide adequate 

services for its inhabitants. 

Existing prediction models of land uses and transportation needs are com­

plex and costly to use. Most of them require a lengthy survey conducting pro­

cess. Simpler models are needed when transportation officials have neither the 

time nor funding to implement the complex models in their initial planning. It 

is for this need that the present study attempts to fulfill. The simpler 

models are especially needed in transportation planning for smaller cities. 

Among all the land uses, residential use seems to be most age-related. 

The proposed model of demand for land uses consists of two parts. First, the 

model attempts to relate residential use by housing type to three age groups: 

the young, middle-aged and the old with age ranges of 15-19, 20-64, and 65 

years and over, respectively. Single-unit housing is hypothesized as a func­

tion of the three age groups, real median house price and real family income, 

while multiple-unit housing is expressed as a function of the same three age 

groups, real median house price, real rent and real per capita income. The 

i i 1. 



resulting elasticity coefficients enable officials to estimate the total per­

centage change in residential use. Second, the model assumes that the percent­

age distribution of land uses to total developed area does not change. Hence, 

the percentage change in residential use can be assigned to other land uses. 

Censuses of Population and Housing for 1960 and 1970 provide data for 

estimating the coefficients for the housing demand equations. The ordinary 

least squares (OLS) regression technique is applied to the log-log functions 

which serve as the housing demand equations. The estimation results reveal 

that the middle-aged group is significantly responsive to single-unit housing, 

with an elasticity of .8802 as compared to an elasticity of 0.0719 for the old 

group. Meanwhile, the young and the old are found to be positively and signi­

ficantly influential in multiple-unit housing with elasticities of 0.9909 and 

0.7138, respectively. 

To estimate the demand for transportation facilities ~ land uses, two 

equations are formulated. One equation expresses the demand for automobile 

vehicle-miles as a function of family income, number of housing units with one 

or more cars, and sales of all retail trades and receipts of all selected ser­

vices. The other equation expresses the demand for transit vehicle-miles to be 

related to family income, number of housing units without a car and all retail 

trade and service trade receipts. The housing unit variables represent resi­

dential land use and the last variable, all retail sales and service receipts, 

stands as proxy for commercial land use. 

Using the OSL regression technique, to predict auto vehicle miles, it is 

found that the results of commercial land use has a significant effect, with an 

elasticity coefficient of 0.9155 while residential has an insignificant effect. 

As for transit vehicle-miles, residential use has a significant effect, with an 

elasticity of 1.0545 while commercial use has an insignificant effect. 
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The resulting models require a minimum of easily obtained input data and 

give reasonably accurate estimates of the demand for different land uses and in 

turn the demand for transportation facilities. These models are ideal for use 

by cities that do not maintain large enough data bases to use more complex pre­

diction models, also, the State Department of Highways and Public Transporta­

tion can use these models to quickly identify cities in the state which will be 

experiencing major changes in transportation demand in the next decade. 
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IMPLEMENTATION STATEMENT 

The report proposes two demand models, one for land in different uses and 

the other for transportation facilities, utilizing the readily accessible 

census data as the data source. The findings of the report can be of immediate 

use to officials in city planning and in public transportation. If implemeted, 

these findings can provide these officials with a fast and rough estimation on 

future land uses and transportation needs. These models are most applicable in 

cases where transportation officials do not have enough time or funds to main­

tain the large data bases and implement complex models in their transportation 

planning process. Such may be the case for the smaller cities. Even the State 

Department of Highway and Public Transportation can make use of these models to 

quickly identify major changes in transportation demand in all the cities in 

the state. 
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I NTRODUCTI ON 

The growth of a city is a direct result of growth in population which is 

due either to natural accrual or to migration from other cities or rural areas. 

With the increase in population, new living and working spaces will be demand­

ed. City planners and officals have to estimate the total growth of their 

cities, based on population projections, and map out areas needed for the 

various land uses to meet the demand. 

It is believed that population age differences play some part in the 

demand for land in various uses, and, in turn, the demand for different land 

uses will affect the demand for various types of transportation facilities. If 

the demand for land in various uses is age-related, then the knowledge of the 

current population of the various age groups can indicate the characteristics 

of the future population of these age groups and the acreages of future land 

uses can be estimated. Once the number of acres of each type of land uses is 

estimated, the amount and type of transportation facilities can be projected to 

meet the attractions of these land uses. 

Over the years, models of land use projection and traffic assignments have 

been developed and used extensively by city, state, and federal planners. How­

ever, these officials have found that most of the operational models require 

extensive data collection, which is often costly and time consuming. As a 

result, the present study was authorized for the development of simpler and 

less time consuming estimation models of demand for land in different uses and 

transportation needs. Such models are needed by smaller cities that do not 

have 1 arge data bases. The State Department of Hi ghway and Pub 1 i c Transporta­

tion (SDHPT) can also make use of these models and encourage their use by city 

officials. 
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Objective and Scope of Study 

The objective of this study is to develop simplified models which offer 

quick but rough estimates of the quantity of land and transportation facilities 

demanded 10 or so years in the future. The scope of the study is limited to 

areas defined by the objective. Transportation facilities are restricted to 

auto-related and transit-related. Further breakdown of these two types of 

facilities are not considered in this report. 

Contents of Report 

This report presents the development of a demand model for land uses, 

utilizing census data which are readily accessible. Another model of demand 

for transportation needs as attracted by the various projected land uses is 

also presented. 

The major divisions of the body of the report are as follows: (1) demand 

for land in different uses (2) demand for transportation facilities and (3) 

conclusions and recommendations. 
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DEMAND FOR LAND IN DIFFERENT USES 

If demand for land in different uses is influenced by age differences, 

then among all the land uses, housing seems to be the most aged-related. Both 

observations of the housing market and reports from literature reveal that 

multiple-unit housing is more likely to be occupied by the young and the old­

aged groups and single-unit housing by the more affluent middle-aged group [lJ. 

After leaving their parental household, young people, often forced by 

their budget constraint, tend to establish their first home in multiple-unit 

housing. By the time they reach their twenties, they are fairly well estab­

lished in their careers. With higher and steadier income, many of them can 

afford to buy a single-unit house and many of them do so. As this middle-aged 

group reaches retirement, many find the responsibility of keeping a house too 

much to bear physically and/or financially. As a result, they may move back 

into multiple-unit housin9 such as apartments, townhouses or condominiums. 

Therefore, knowledge of the most current population pyramid of a city 

should prove to be helpful in predicting the demand for the different types of 

residential land use in that city. The notorious baby boom in the 1950's 

should result in a big increase in population of the middle-aged group in the 

1980's. For reasons discussed above, single-unit housing is preferred by this 

group and consequently, in the 1980's, there should be a big increase in the 

demand for this type of housing. Although the high interest rates which are 

prevailing in the housing market currently may discourage many people from 

purchasing now, once interest rates decline, these people would likely jump 

into the market and purchase their long dreamed single-unit house. Information 

not only of the demand for the types of housing but also of the magnitude of 

demand should be helpful to city planners and the people in housing industry. 
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Therefore, the present study attempts to construct a model relating land 

uses to the population of age groups by utilizing census data of housing and of 

population pyramids and housing data from the United States Bureau of Census 

reports. The assumptions needed for the model and the structure of the pro­

posed model are presented separately in this section. 

Basic Assumption 

In order to study the relationship for land use and age groups, one basic 

assumption has to be made. It is assumed that the percentage distribution of 

land uses over the total developed land area in a city remains fairly constant 

over the years. In other words, in a particular city, the percentage of each 

land use to total developed area in any past year will be about the same as in 

any future year. Such assmption is believed to be within reason, because an 

increase in the amount of residential acreage means a need for a corresponding 

increase in commercial acreage to provide services and shopping facilities for 

the additional residents who move there. More streets and roads have to be 

built for the accessibility of the new residents. Schools and churches have to 

be expanded or added to accommodate the educational and religious needs of the 

newcomers. Also, additional park and recreational areas are needed for the 

aesthetic and recreational aspects of a community. City planners of a city 

tend to keep the same corresponding relationship among land uses when they make 

their projections on future land uses. 

An investigation of historical land use distributions for several cities 

over the state indicates that the above assumption is valid (Table 1). Except 

for those of the cities of Bryan and College Station, the older land use dis­

tributions are not very different from the newer distributions, even though at 
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Table 1. Historical Percentage Distributions of Land Use 
of Total Developed Areas for Several Cities in Texas 

Rail road Streets Parks 
& & & 

City Year Residential Commercial I ndustri a 1 Utilities Alleys Recreation 
(%) (%) (%) (%) (%) (%) 

Arl i ngton 1964 45.0 7.9 4.6 2.3 24.8 4.2 
Arlington 1970 43.0 11.5 4.5 4.0 23.4 7.2 
Arlington 1975 43.9 10.8 4.9 3.4 24.5 6.6 
Arl i ngton 1978 46.9 10.4 4.5 3.2 23.2 6.2 

Bryan-C.S. 1958 47.2 3.5 3.5 2.7 30.8 5.2 
B ryan-C.S. 1970 43.5 6.8 3.7 2.7 29.7 5.1 
B ryan-C.S. 1982 43.3 8.3 5.6 1.6 28.6 4.2 

Dall as 1964 45.8 7.1 5.0 4.6 24.8 6.7 
Da 11 as 1970 45.0 8.0 4.3 3.8 23.3 6.7 
Dallas 1978 45.3 8.5 4.4 3.5 23.5 6.4 

Tyler 1964 45.5 4.5 5.6 6.2 27.8 1.9 
Tyler 1970 42.2 4.9 7.7 7.1 28.0 2.4 
Tyler 1980 44.2 7.0 7.5 2.8 27.8 2.6 

Waco 1964 33.1 3.3 5.6 3.8 25.7 3.8 
Waco 1977 35.6 4.8 9.4 a 24.3 b 

a Included with Industrial 
b Included with Public & Semi-Public 

Public 
& Semi- Total 
Public Developed 

(%) (%) 

11.2 100.0 
6.4 100.0 
5.9 100.0 
5.7 100.0 

7.1 100.0 
8.5 100.0 
8.4 100.0 

6.1 100.0 
8.9 100.0 
8.6 100.0 

8.5 100.0 
7.7 100.0 
8.2 100.0 

23.9 100.0 
25.9 100.0 

Sources: State Department of Highwa~s and Public Transportation planning documents and/or planning depart­
ments of the above cities L2,3J. 



least 13 years separate them. Also, the average percentage distributions of 

land uses for three groups of cities in Texas and the United States have very 

similar distributions even though the distribution for the group of 53 cities 

[4J, is over 20 years older than the distribution for the group of four cities 

(Table 2). 

As for projections of each type of land use in terms of percentage of 

total developed area, most of the cities studied retain nearly the same land 

use distributions even for predicting land usage 20 years into the future 

(Table 3). Houston and Tyler have predicted land use distributions that are 

highly similar to their historical distributions of over 20 years earlier. 

Figures 1 and 2 illustrate the similarity of the historical and projected land 

use distributions for Bryan-College Station and Tyler. 

Structure of Land Use Demand Model 

The structure of the model of demand for various land uses is composed of 

two major parts. The first part attempts to estimate the demand for residen­

tial land use by the formulation of two estimating equations, one for each type 

of housing. The second part attempts to assign the demand for other land uses 

based on results obtained from the housing demand models. These two parts of 

the model will be discussed separately below. 

Estimation of the Demand for Residential Use 

For the first part of the model, residential land use is divided into land 

use for single-unit housing and land use for multiple-unit housing. By defini­

tion, single-unit housing represents one-unit structures while multiple-unit 
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Table 2. Average Percentage Distribution of 
Land Uses of Total Developed Land for Various 

Groups of Cities in the United States 

Land Use 

Single Family 
Il.1ultiple Family 
Commercial 
Industrial 
Railroad 
St reets & A 11 eys 
Parks & Recreation 
Public & Semi-Public 

Total Developed Land 

53 Citiesa 
(1955) 

36.6 
3.0 
3.3 
6.4 
4.9 

28.1 
6.7 

10.9 

100.0 

Average Distribution (%) 

77 C iti es b 
(1964) 

42.0 
2.7 
5.8 
4.5 
4.4 

27.0 
5.7 
7.9 

100.0 

4 Citiesc 
(1987-82 ) 

39.5 
5.5 
8.6 
5.5 
2.1 

25.6 
5.5 
7.7 

100.0 

a For cities with populations of 250,000 or less, scattered over the mid­
western part of the United States [4J. 

b For cities in the Dallas-Fort Worth Metroplex [5J. 

c For the cities of Dallas, Arlington, Tyler and Bryan/College Station, 
obtained from the State Department of Highways and Public Transportation. 
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City 

Abil ene 
Abilene 

Baytown 
Baytown 

Bryan-C.S. 
B ryan-C.S. 

El Paso 
El Paso 

Houston 
Houston 

La Porte 
La Porte 

Tyler 
Tyl er 

Waco 
Waco 

a Projected 

Table 3. Comparison of Percentage Distributions of Land Use of Total Developed 
Areas for Previous and Projected Years for Several Cities in Texas 

Rail road Streets Parks Public 
& & & & Semi-

Year Res i dent i al Commerci al I ndustri al Utilities Alleys Recreation Public 
(%) (% ) (%) (%) (% ) (%) (% ) 

1965 23.8 2.8 6.4 1.1 34.2 0.0 31.7 
1985a 25.8 4.6 8.0 0.8 28.1 0.0 32.7 

1965 36.6 2.5 24.2 2.3 26.4 0.5 7.5 
1980a 43.5 4.5 17.9 1.1 22.7 4.5 5.8 

1958 47.2 3.5 3.5 2.7 30.8 5.2 7.1 
1980a 42.8 2.4 5.7 1.7 29.8 6.8 10.8 

1965 34.3 17.9 12.5 0.0 22.6 2.9 9.8 
1985a 40.4 13.3 15.6 0.0 20.3 2.6 7.8 

1965 43.9 4.1 7.4 3.7 31.2 3.4 6.4 
1980a 46.3 4.2 8.4 3.4 28.1 3.5 6.1 

1965 26.9 4.3 32.9 3.8 22.2 5.8 4.1 
1980a 30.0 3.7 36.8 1.3 22.1 2.9 3.3 

1964 45.5 4.5 5.6 0.0 27.8 1.9 8.5 
1985a 45.5 4.5 5.6 5.6 27.8 2.6 8.4 

1964 33.1 3.3 5.6 3.8 25.7 3.8 23.9 
1985a 33.1 3.1 6.9 2.3 25.1 6.3 23.2 

Total 
Developed 

(%) 

100.0 
I 100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

Sources: State Department of Highways and Puhlic Transportation planning documents and/or planning depart­
ments of the above cities [2, 3, 6, 7, 8J. 
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housing refers to housing with more than one-unit structures. Both of them are 

expressed in numbers of units. For a land use study, the total number of hous­

ing units in each type can be converted into acres by adopting the appropriate 

unit factor of units per acre which is representative of the housing character­

istics of a city. 

The description of the residential land use demand equations and the 

determination of their coefficients are presented below. 

Description of Equations - Two equations are constructed to relate each 

type of housing to different age groups. Equation 1 estimates the demand for 

single-unit housing. The demand for single-unit housing is hypothesized to be 

a function of age group, real median house price and real median family income. 

Equation 2 estimates the demand for multiple-unit housings. The demand for 

multiple housing is hypothesized to be a function of age group, real median 

house price, real rent and real per capita income. Period and city size dif­

ferences are also tested in both models. These two equations can be expressed 

in functional form as follows: 

Equation 1: 

SH = f(Y, M, 0, RHP, RFI, PO, CS1, CS2) and 

Equation 2: 

MH = f(Y, M, 0, RHP, RNT, RPI, PO, CS1, CS2) 

where SH = number of single-unit housing units, 

MH = number of multiple-unit housing units, 

Y = population of the young group, 

M = population of the middle-aged group, 

0 = population of the old group, 

11 



RHP = real median house price, 

RNT = real rent, 

RFI = real family income, 

RPI = real per capita income, 

PD = 0, 1 dummy variables for period differences, 

CSI = 0, 1 dummy variables for city size differences between 

big and medium-sized cities with population of over 

300,000 and between 100,000 and 300,000, respectively, 

and 

CS2 = 0,1 dummy variables for city size differences between big 

and small cities with population of over 300,000 and 

under 100,000, respectively. 

The variables used in the above equations are defined as follows: 

1. Age Groups - Three age groups are identified as young, middle-aged and 

old with age breakdowns of 15-19 years, 20-64 years and 65 years and over, 

respectively. 

2. Median House Price - The median house price represents the price vari­

able in Equation 1. It also serves as the price of a substitute in Equation 2. 

Consequently, a negative sign for this variable is expected in Equation 1 and a 

positive sign in Equation 2. In order to remove the factor of inflation over 

the years, the median house price is deflated by the consumer price index to 

give a constant dollar value. 

3. Rent - The variable rent represents median gross rent charged to ten­

ants. Again, median rent is also deflated by the consumer price index to yield 

real rent tenants pay. If single-unit housing is the hypothesized type of 

housing for the middle-aged group, most of whom can afford this type of housing 
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and are not willing to accept multiple-unit housing as a substitute, to this 

group then, multiple-unit housing is not a substitute. Therefore, real rent is 

not included in Equation 1. 

4. Family Income and Per Capital Income - Most single-unit housing are 

occupied by families with more than one wage earner, whereas most multiple-unit 

housing are, in general, occupied by single persons, widows or widowers. 

Therefore, it is appropriate to use family income in Equation 1 and per capita 

income in Equation 2. Both variables are deflated by the consumer price index 

to give the real family income and real per capita income. 

5. Dummy variables for period differences and city size differences - All 

dummy variables are the 0,1 type and are used to determine the existence of 

differences between period of time and among city sizes in the demand relation-

ships of single-unit and multiple-unit housings. 

Determination of Coefficients - The data for determination of the coeffi-

cients of the two residential demand equations are from the United States 

Bureau of Census· 1960 and 1970 series of Census of Population and of Housing 

for the twenty-eight most populated cities in Texas. 

Both of the estimating equations are expressed in log-log functional form 

so that the estimated coefficients will yield elasticities which are of greater 

interest to officials. The ordinary least squares (OLS) regression technique 
" 

is used for the estimation. The coefficients obtained for the variables 

together with their signs and statistical significancies are discussed below 

and shown in Tables 4 and 5. 

Ag'B Gpoups. The age groups (young, 15-19 years; middle-aged, 20-64 years; 

and old, 65 and over) used in the model are more significantly related to the 
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Table 4. Estimation Results of Equation 1 

Variable Definition Coeffi ci ents t-Ratio 

Y Young group (15-19) -.033 0.34 

M Middle-aged (20-64) .880* 7.66 

0 Old group (65 & over) .072* 2.00 

RHP Real median house price -.488* -5.50 

RFI Real family annual income .393* 3.64 

PO Peri od dummy - .134* -2.67 

CS1 City size dummy (medium-sized deviated 
from large-sized) -.009 -.15 

CS2 City size dummy (small de vi ated from 
large-sized) -.082 -1.09 

Intercept 1.489 

R2 .993 

*Significant at 5 percent level 
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Table 5. Estimation Results of Equation 2 

Variable Definition 

Y Young group (15-19) 

M Middle-aged (20-64) 

0 Old group (65 & over) 

RHP Real median house price 

RNT Real gross rent 

RPI Real per capita income 

PD Peri od dummy 

CSI City size dummy (medium-sized deviated 
from large-sized) 

CS2 City size dummy (small deviated from 
large-sized) 

Intercept 

R2 

* Significant at 5 percent level 
** Significant at 10 percent level 

15 

Coefficients 

.940* 

-.297 

.867* 

1.065* 

.494 

-.015 

-.045 

.263 

.676** 

-16.736 

.929 

t-Ratio 

1.83 

-.51 

3.36 

2.07 

.83 

-.03 

-.18 

.85 

1.65 



number of single and multiple housing units in the sample of 28 cities used to 

develop the model than the following age groups: 

Young Middle Old 

15-24 25-64 65+ 

15-24 

15-24 

15-19 

15-29 

15-29 

20-29 

25-59 

25-69 

20-59 

30-64 

30-69 

30-64 

60+ 

70+ 

60+ 

65+ 

70+ 

65+ 

Also, the census breakdown limits the selection of more ideal age groups. The 

census gives the population for separate years for ages 17, 18 and 19. Then 

for ages 20-69, the population is given in five-year increments. Last, for 

ages 70 and older, the population is given for an open-ended group. 

Both the middle-aged (20-64 years) and the old (65 years and over) groups 

are found to be positively and statistically significantly related to the 

number of single-unit housing units, with the middle-aged group unquestionably 

dominating in both magnitude and level of significance. As expected, the young 

group is found to be noninfluential in the demand for single-unit housing 

(Equation 1), but they and the old group are significantly influential in the 

demand for multiple-unit housing (Equation 2). Apparently, the old group tends 

to be indifferent to either type of housing. 

The estimated coefficients of these age groups reveal that for a ten per­

cent increase in population of the middle-aged group and a similar increase of 

the old group, demand for single-unit housing will increase by 8.80 percent and 

7.2 percent, respectively. For the same percent increase in population of each 
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of the young and old groups, the demand for multiple-unit housing will increase 

by 9.4 percent and 8.7 percent, respectively. 

Real Median House ppiae and Real Rent. Real median house price is found 

to be negative and statistically significant in the demand for single-unit 

housing, as expected. The higher the price, the fewer units will be demanded. 

However, in the demand for multiple-unit housing, median house price is found 

to be positive and significant, indicating that single-unit housing represents 

substitute housing for the multiple-unit housing. As the price of single-unit 

housing decreases, some people from the young and the old groups who live in 

multiple-unit housing may increase their demand for single-unit housing as an 

alternative, whereas before, they cound not afford to have this alternative; 

consequently, fewer multiple-unit housing will be demanded. 

Real rent is found to be positive but insignificant in the demand for 

multiple-unit housing. Within the range of real rents which have been used for 

the analysis, the young and the old groups may be price-takers. No matter what 

the rent is, they have to live in apartments or townhouses. 

Real Family Inaome and Real Pep Capita Inaome. In the demand for 

single-unit housing, real family income is found to be positive and signifi­

cant, indicating that as real family income rises, more people can afford 

single-unit housing, and as a result, more single-unit housing units will be 

demanded. Real per capita income is shown to be negative but insignificant in 

the multiple-unit housing demand relationship. For the affected groups, the 

young and the old groups, perhaps the income constraint is not a significant 

factor in influencing their decision in choosing multiple-unit housing as their 

mode of housing. 

Othep Vapiables. The estimated coefficients of the period difference 

dummy variable, is found to be statistically significant in Equation 1 and 
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insignificant in Equation 2. City sizes are found to be insignificant in both 

equations. 

Estimation of Demand for Other Land Uses 

Based on the assumption made at the beginning of the section that a city's 

percentage distribution of land uses does not change significantly over the 

years, demand for other land uses, besides residential use, can be estimated. 

Each type of land use should experience the same percentage change as the total 

residential land use obtained in the first part of the model structure. If 

residential land use is estimated to increase by ten percent by the target 

year, commercial, industrial, streets and alleys, railroads, parks and recre­

ation areas, and public and semi-public uses, will each increase by ten percent 

as well. With the availability of current land use data, city officials and 

planners can, therefore, estimate the magnitudes of the different land uses for 

the target year. 

Accuracy of Demand Model Estimates 

Two cities, Dallas and Tyler, are used to test the accuracy of the demand 

model's estimates. These cities are two of the 28 cities used to develop the 

estimating coefficients for the model. 

Using each city's 1970 population pyramid, projected increase in total 

population between 1970 and 1980 (used actual increase), 1970 single and multi­

ple housing unit counts, appropriate housing units per acre density factors for 

each type of housing, a recent land use distribution, and the model's coeffi­

cients, the estimated numbers of acres of land in each use in 1980 is 
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calculated for each city. Actual and projected acres of land in each use in 

1980 are obtained from SDHPT documents. The SDHPT documents [8,9J do not 

describe a specific procedure that is used to make the land use predictions. 

The estimating errors resulting from using the TTl and SDHPT procedures 

for the two cities are calculated and shown in Table 6. The TTl procedure 

yields overall errors of 20.2 percent for Dallas and 16.8 percent for Tyler; 

whereas. the SDHPT procedure yields overall errors of 39.5 percent for Dallas 

and 1.8 percent for Tyler. Hence, the TTl procedures yields errors of similar 

magnitudes for the two cities (one large and one small). but SDHPT procedure 

yields errors of very different magnitudes. The average total error for the 

two cities is 18.5 percent for the TTl procedure and 20.7 percent for the 

SDHPT. 

The TTl procedure yields only one error above 30 percent for a specific 

land use, but the SDHPT procedure yields six errors above that level. So, in 

conclusion the TTl procedure yields errors that are smaller and more nearly the 

same magnitude than does the SDHPT procedure. 

Application of Demand Model Estimates 

From the outputs of the the demand model, officials of a city should be 

able to estimate demand for land in various uses in a future year. Elastici­

ties of the various age groups, which turn out to be statistically significant 

in the above model estimation process, for each type of housing tell the per­

centage change in the number of a particular housing type for a one percent 

change in population of the significant group (or groups). Based on a current 

population pyramid, together with a population projection. officials should be 

able to estimate percentage changes in the population of various age groups. 
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Land Use 

Residential 
Commerci al 
lndustri al 
Streets & Roads 
Parks and 
Recreat i on 
Public and 
Semi-Public 

Tota 1 Developed 

Table 6. Percentage Errors of Estimation for TTl 
and SDHPT Procedures by Type of Land Use 

TTl 

Estimation Errors (%) 

Da 11 as 

SDHPT 

Procedurea Procedure b 

+18.7 +45.0 
+10.4 +11.8 
+17.5 +56.3 
+20.3 e 

+28.9 e 

+27.2 +33.2 

+20.2 +39.5 

Tyler 

TTl SDHPT 

Procedurec Procedured 

+19.8 +6.8 
-12.6 -72 .6 
+28.7 -43.6 
+27.6 +l.5 

-43.1 -191.6 

+17.2 -10.6 

+16.8 +l.8 

a 1980 land use estimated for Dallas with 1970 population pyramid and com­
pared with 1980 (extrapolated from 1970, 1975 and 1978 data) historical data 
for Dallas. 

b 1980 land use estimated for Dallas county using 1964 historical data and 
1985 projections compared to 1980 (extrapolated from 1970, 1975 and 1978 
data) historical data for city of Dallas. 

c 1980 land use estimated for Tyler with 1970 population pyramid and compared 
with 1980 historical data. 

d 1980 land use estimated for Tyler using 1964 historical data and 1985 pro­
jections compared with 1980 historical data. 

e Added to public and semi-public. 
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The total percentage change in the number of each type of housing is 

obtained by multiplying the respective elasticities by the percentage change in 

population of the affected age group{s). If more than one age group are signi­

ficantly influential in a particular housing type, the percentage change in the 

number of a specific housing type needed by each age group is first estimated. 

The summation of the percent age changes in the number of this type of housing 

needed by all the groups should yield the total percentage change in the number 

of a specific housing. 

With the current city data of housing available, the total number of units 

for each type of housing needed for the target year can be calculated. By 

adopting an appropriate unit factor that is representative of the future hous­

ing density for each type of housing, the number of housing units can be con­

verted into acres. The sum of the acres for both single and multiple-unit 

housing will yield the total acres of land needed for residential use in target 

year. The same percentage change in acres of residential use can be applied to 

other land uses, enabling officials to estimate how land will be used to meet 

all different needs in a future year. 

To illustrate the technique described above for estimating the demand for 

land in various uses, an example is given below. In 1970. a city with a total 

population of 253,539 and with a population pyramid as shown in Figure 3, is 

faced with the problem of estimating the demand for various land uses in 1980. 

The projected population growth rate is about 36.3 percent during that period. 

The period of ten years shifts the population pyramid by two age groups as 

indicated in Figure 3. The 5-9 years old group in 1970 with a population of 

22,609 would become the 15-19 years old group in 1980. In addition the 36.3 

percent growth rate is assumed to be experienced uniformly by each age group. 

Therefore, the projected population of the 15-19 years old group in 1980 should 

actually be 30,816 [22,609 x {I + 36.3%)J. 
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Figure 3. Population Pyramid of Example City for 1970 and 1980 



According to the three age groups defined in the study, the young, middle­

aged and old groups had populations of 27,715, 139,868 and 17,663 in 1970, 

respectively, and by 1980, the population for the corresponding groups should 

be 30,816, 247,924 and 43,131 reflecting both the shifts in the population 

pyramid and the projection of the growth rate. In other words, the young, 

middle-aged and the old groups would experience population changes of 11.19 

percent, 77.26 percent, and 144.19 percent, respectively. 

The elasticity coeefficients obtained from the model that estimates 

single-unit housing and shown in Table 4, are 0.88 and 0.072 for the middle­

aged and old groups, respectively, giving rise to changes in demand for single­

unit housing in 1980 of 67.99 percent (0.88 x 77.26%) and 10.38 percent (.072 x 

144.19%) by the corresponding groups with population changes calculated above. 

In response to the population changes by the two groups, a total change in the 

demand for single-unit housing is represented by the sum of the changes in the 

demand by the two groups for this housing type, which would amount to 78.37 

percent (67.99% + 10.38%). 

By following a similar manipulation and by adopting the set of estimated 

coefficients for Equation 2 (Table 5), changes in the demand for multiple-unit 

housing by the young and the old groups would be 10.52 percent (0.94 x 11.19%) 

and 125.01 percent (0.867 x 144.19%), respectively. The total change in the 

demand for multiple-unit housing would be 135.53 percent. 

Therefore, with the 1970 acreages for single-unit and multiple-unit hous­

ing reported to be 9,520 and 1,986 acres, separately, the 1980 acreages for the 

two housing types estimated would be 16,946 (9,520 x (1 + 78.37%)} and 4,667 

(1,986 x (1 + 135.53%)} acres, correspondingly. In turn, they represent a 

total increase in demand for residential acreage of 10,107 acres or 87.8 

percent. 
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By the basic assumption of unchanged percentage distributions among land 

uses over the years, the other land uses would have the same percentage in-

crease by 1980. Therefore, commercial acreage would increase from 1,320 acres 

in 1970 to 2,482 acres in 1980 and industrial use from 2,250 acres to 4,230 

acres, each representing an increase of 87.8 percent. The same percentage 

change is applied to all the other land use categories in the land use distri-

bution. Table 7 shows the distribution of land uses in the example city in 

1970 and the estimated demand for land in various uses in 1980, as indicated by 

the model. 
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Table 7. Land Uses in Example City Reported 
for 1970 and Estimated for 1980 

Land Use 1970 

- - - - Acre 
Residential 

Si ngl e-Unit 9,520 

Multiple-Unit 1,986 

Total Residential 11,506 

Commerci al 1,320 

Industrial 2,250 

Railroads and Ut i 1 i ties 500 

Streets and Alleys 10,430 

Parks and Recreation 2,050 

Public and Semi-Public 1,570 

Tota 1 Developed 29,626 

25 

1980 

- - - -
16,945 

4,667 

21,612 

2,481 

4,230 

939 

19,579 

3,849 

2,948 

55,638 



DEMAND FOR TRANSPORTATION FACILITIES 

Future development of a city depends mainly on its population growth. As 

demonstrated in the above demand model for land uses, population growth of the 

vari ous age groups di ctates to some extent 1 and uses of the ci ty. Meanwhi le it 

is believed that transportation facilities are also influenced by how land is 

used in an area. A densely populated neighborhood with mostly apartments and 

townhouses has transportation needs different from those of a neighborhood 

which is sparsely inhabited. A hi'gh traffic volume generator such as a shop­

ping mall or an office building, may require transportation facilities differ­

ent from those by an industrial park. Therefore, various land uses pose dif­

ferent effects on travel, and findings of these effects are essential in 

transportation planning. 

Traffic assignment models have been used extensively by city planners and 

officials to estimate and assign traffic volumes to existing and planned trans­

portation facilities in areas which may face the largest growth. Most of these 

models include specific variables such as traffic generators, trip purposes, 

trip length, speed and delay which invariably require field surveys to provide 

the necessary data. In this study, attempts are made to provide these offi­

cials with a simpler model of demand for transportation facilities which are 

defined here as auto-related or transit-related, by utilizing the more readily 

accessible census data. Transportation demand can be measured in vehicle­

miles. By sacrificing the comprehensiveness that other models offer, the pro­

posed model promises a rough but quick estimate of the demand for transporta­

tion facilities by the relevant land uses. It is hoped that this model can be 

used by officials during the initial transportation facilities planning stages. 
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Basic Assumption 

One basic assumption is necessary in order to relate transportation facil­

ities to land uses. It is assumed that the housing characteristics of a city 

in relation to possession of automobiles remains unchanged over the stu.dy 

period. In other words, the ratio of the number of households with automobiles 

to the number of households without automobiles is constant over the years. If 

there is any foreknowledge of a change in these characteristics, adjustments 

should be made to take into account the expected change. 

Structure of Transportation Demand Model 

The demand for transportation facilities by land uses is separated into 

demand for automobile vehicle-miles made by automobile users and demand for 

transit vehcile-miles made by transit users. Whether the automobile users are 

carpoolers or not is not considered in this simple transportation demand model. 

Similarly, the present study does not distinguish among the transit 

vehicle-miles made by the different transit modes. Because of limitation of 

data available, it is concluded that separating the demand for transportation 

facilities by land uses into the demand for the two major modes--auto and 

transit--represents the best possible solution if a simple model is to be 

des ired. 

Also, the model concerns itself only with vehicle-miles attracted by resi­

dential and commercial land uses. The major reason lies with the fact that 

data on other land uses are not readily avai lable. Also, these two types of 

1 and uses constitute the majority of t ri ps made. A recent su rvey taken in 

Houston, Texas [7J indicates that residential land use attracted 52.9 percent 
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of all internal person trips while commercial land use attracted 22.5 percent. 

Together these two land uses attracted over three-forths of all person trips 

made in the zones surveyed. 

Estimation of the Relationship Between Automobile Vehicle-Miles and Land Uses 

The majority of person trips are made by automobiles. In the above men­

tion survey, over 90 percent of the person trips were made by persons either as 

drivers or as passengers of automobiles. Reports by other Texas cities reveal 

similar dominant uses of automobiles [5, 10J. If the total vehicle-miles by 

automobiles can be estimated for a target year, city officials can then make 

plans to provide facilities to accommodate these vehicle-miles, either by wid­

ening, extending the existing roads or by building new roads. An adequate 

transportation system can avoid congestion which indirectly increases user 

costs. 

An attempt is made to relate automobile vehicle-miles needed to family 

income, residential land use and commercial land use. An equation in log-log 

functional form can be used to express these relationships as follows: 

Equation 3: 

10g(Auto Vehicle-Miles) = f[log(Family Income), 10g(Residential Land 

Use), 10g(Commercial Land Use)J. 

Each of the variables included in the above equation is discussed separ­

ately below. 

1. Automobile Vehicle-Miles - Total annual vehicle-miles traveled by 

automobiles on all types of roads, arterials, collectors and local, represent 

the variable of automobile vehicle-miles. 
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2. Residential Land Use - For residential land use, the number of 

dwelling units with one or more automobiles is used. If this number increases, 

more person trips from home or to home will be made; consequently more 

automobile vehicle-miles will be made. Therefore, a positive sign for this 

variable is expected. 

3. Commercial Land Use - Since actual commercial land use data are diffi­

cult to obtain, a proxy consisting of two items which are believed to best 

represent commercial land use; is used. One is the total sales of retail trade 

of all establishments which include businesses such as food stores, automobile 

dealers, general merchandise stores, eating and drinking places, gasoline ser­

vice stations, furniture, home furnishings and equipment stores, building 

materials, hardware, farm equipment dealers, apparel and accessory stores and 

drug stores and property stores. The other item that constitutes commercial 

land use is total receipts for selected services of all establishments which 

include hotels, motels, and camps, automobile repair and services, and amuse­

ment and recreation including motion pictures. Both items are expressed in 

1,000 dollars. 

It is believed that, in general, larger sales or receipts mean more pur­

chases of goods and services which, in turn, require increased movements of 

goods and services, either by the customers themselves, or by delivery people. 

Automobile vehicle-miles should, therefore, be positively related to the com­

mercial land use. 

4. Family Income - Family income is found to correlate with the number of 

automobiles a family owns [3J. Families with higher income tend to own more 

automobiles. The more automobiles households own, the more vehicle-miles they 

will make. Family income, as a result, is an important variable in determining. 

the demand for automobile vehicle-miles. Median family income is used for this 

variable. 
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Estimation of the Relationship Between Transit Vehicle-Miles and Land Use 

What prompts people to use transit is a complex question. The results of 

several studies [11, 12, 13J have concluded that fares do not affect users' 

decision to take transit as much as the combination of fares and the quality of 

service does. Complications arise when the elements indicating the quality of 

service are multiple and complex. One of the most important elements seems to 

be time. The quality of a particular transit service often is determined by 

punctuality, transfer time, overall travel time, and so on. However, the value 

of time to a person varies from person to person, for example, an extra five 

minutes' delay of the bus may not be that important to a retired person but may 

prove to be most unacceptable to a businessperson. All in all, it is difficult 

to define uniformly good transit service. 

For the above reasons together with the limitation on data available, the 

present model is limited to looking at transit demand of the transit-captive 

households who do not have their own automobiles. For these households, tran­

sit is the only means of transportation available to them, and quality of tran­

sit service becomes irrelevant to them. Consequently, by focusing on such 

households, variables derived from defining the quality of service can be 

avoided; instead, the only motive for using transit is assumed to be financial­

ly related. 

The model attempts to relate transit vehicle-miles to land uses by expres­

sing transit vehicle-miles as a function of family income, residential land use 

and commercial land use. A log-log function is chosen for use which can be 

expressed as follows: 
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Equation 4: 

Log(Transit Vehicle-Miles) = f[log(Family Income), log(Residential 

Land Use), log(Commercial Land Use)]. 

Variables included in the model are discussed separately below. 

1. Transit Vehicle-Miles - Transit vehicel-miles represent the total 

annual vehicle-miles traveled by all types of transit modes, expressed in 1,000 

vehicle-miles. 

2. Family Income - In the earlier discussion, it is indicated that the 

number of automobiles owned by a household is generally dependent on the family 

income of that household. For families with one or more automobiles, alterna­

tives for transportation are available to them, and they are less dependent on 

transit, whereas families without any car depend heavily on transit for their 

traveling needs. In other words, the higher the family income, the less tran­

sit vehicle-miles are needed. Therefore, a negative sign for this variable is 

expected. Again, median family income is used to represent this variable. 

3. Residential Land Use - To represent residential land use, the number 

of dwelling units without any automobile is used. Arguments for using this 

variable are given above and hence are not repeated here. 

4. Commercial Land Use - Commercial land use attracts not only automobile 

traffic but also traffic generated by transit. Sales of all establishments of 

retail trade and receipts from all establishments of selected services describ­

ed previously, are used to represent commercial land use. 
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Determination of Coefficients 

In order to estimate the coefficients of the two equations in the trans­

portation demand model, appropriate data on all the independent variables are 

obtained from the United States Bureau of Census' 1972 County and City Data 

Book. Data on vehicle-miles are taken from the 1974 National Transportation 

Report, an Urban Data Supplement published by the United States Department of 

Transportation. The above data are obtained from eighteen Texas cities varying 

in sizes such as Houston, Dallas, Abilene, Laredo and Tyler. 

Use of the log-log equations yield coefficients that are also elastici­

ties. The OLS estimation procedure is used on the data to estimate these elas­

ticities and determine their statistical significance. 

The results of the estimation of Equation 3 and 4 are presented below for 

each variable used in the two equations. The estimated coefficients with their 

t-ratios and the R2· s for each equation are summarized in Tables 8 and 9, 

respectively. 

Family Income - As expected, family income is found to be positively 

related to automobile vehicle-miles but negatively related to transit vehicle­

miles, although in both cases, the statistical test of significance fails to 

pass at confidence level of 90%. 

Residential Land Use - The number of housing units with one or more auto­

mobiles is shown to have a positive but insignificant effect on the demand for 

automobile vehicle-miles while the effect of the number of housing units with­

out a car on transit vehicle-miles is positive and significant. The positive 

sign of the estimated coefficients of the residential variable indicates that 

as the number of housing units (with or without a car) increases more vehicle­

miles of the corresponding type of transportation are needed. 

32 



Table B. Estimation Results of Equation 3 

Variable 

F ami ly Income 

Residential - Number of housing 
units with one or more autos 

Commercial - Sales and Receipts 

Intercept 

R2 

* Significant at 5 percent level. 

Coefficients 

.1211 

.2521 

.9155* 

-1. 7B22 

.9797 

33 

t-Ratio 

.60 

.65 

2.32 

-.93 



Table 9. Estimation Results of Equation 4 

Variable 

Family Income 

Residential - Number of housing 
units without autos 

Commercial - Sales and Receipts 

Intercept 

R2 

* Significant at 5 percent level 
** Significant at 10 percent level 

34 

Coefficients 

-.9053** 

1.0545* 

.4731 

-.3773 

.9165 

t-Ratio 

-1.56 

2.71 

1.16 

-.08 



The significant estimated coefficient of the residential land use variable 

in the equation estimating transit vehicle-miles can be interpreted that for a 

one percent increase in the number of housing units without a car, the demand 

for transit vehicle-miles will increase by 1.0545 percent. Because of the 

insignificant coefficient obtained in the estimating Equation 3, exact percent­

age changes between housing units with one or more cars and automobile vehicle­

miles cannot be verified. This insignificant relationship may be due to use of 

imperfect data. However, economies of scale could play some part in the re­

sults. As an area gets more dense, people do not have to go as far to fulfil 

their travel needs, and as a result, less vehicle-miles per household are need­

ed, even though total vehicle-miles for all households are more. 

Commercial Land Use - Commercial land use as expressed by the total sales 

of all retail trades and receipts of all selected services is found to be posi­

tively and significantly influential in the demand for automobile vehicle­

miles. An elasticity coefficient of 0.9155 is obtained which indicates that a 

one percent rise in commercial land use will generate 0.9155 percent more auto­

mobile vehicle-miles. The estimated coefficient of this variable turns out to 

be positive but insignificant in the demand model for transit vehicle-miles, 

indicating that commercial land use perhaps does not draw a significant amount 

of transit vehicle-miles. These findings are consistent with those estimated 

by Kern and Lerman [14J who formulated a model equating retail sales as a func­

tion of transit access, auto access, income level, number of white collar work­

ers and a lag sales variable. They found the effect of transit access on 

retail sales as a function of transit access, auto access, income level, number 

of white collar workers and a lag sales variable. They found the effect of 

transit access on sale to be negative and insignificant while the elasticity of 

sales with respect to auto access is 0.653. 
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Application of Transportation Model Outputs 

From the results of the land use demand model presented in the previous 

section, the percentage changes in residential and commercial land uses over 

any study period are obtained. These percentages multiplied by the appropriate 

elasticities estimated above, will enable city officials to estimate the 

amounts of automobile and transit vehicle-miles generated by the increases in 

demand for these land uses. 

For example, the same city described in the example in the previous sec­

tion is used again. The percentage change in automobile vehicle-miles between 

1970 and 1980 is estimated by multiplying the elasticity coefficient of 0.9155 

for the commercial variable in Equation 3 by the predicted increase of 87.8 

percent in commercial land use between 1970 and 1980. The result of this cal­

culation (.9155 x 87.8%) yields a predicted 80.38 percent increase in automo­

bile vehicle-miles. 

The percentage change in transit vehicle-miles between 1970 and 1980 is 

estimated by multiplying the elasticity coefficient of 1.0545 for the residen­

tial variable in Equation 4 by the predicted increase of 87.8 percent in resi­

dential use between 1970 and 1980 and then multiplying that total by 1/19, 

which is the ratio of the total number of housing units to the total housing 

units without automobiles in 1970. The result of this calculation 

[1/19(1.0545 x 87.8%) yields a predicted 4.63 percent increase in transit 

vehicle-miles. In using this procedure, one must assume that the ratio of 

total housing units to total housing units without automobiles (1/19) remains 

constant between 1970 and 1980. 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

As expected~ housing demand is found to be age related. From the estima­

tion results of the demand equations for single housing and for multiple hous­

ing~ it is revealed that the middle-aged group is significantly responsive to 

the single housing~ with elasticity of 0.8802~ as compared to a significant 

elasticity of 0.0719 for the old group. Meanwhile~ the young and the old 

groups are found to be positively and significantly related to multiple housing 

with elasticities of 0.9909 and 0.7138~ respecitvely. Although period differ­

ences are found to playa significant role in the demand for single housing~ 

city size is found to have no effect on either type of housing. 

Percent&ge changes in both types of residential land uses from a study 

year to a target year represent the total percentage change in demand for hous­

ing as estimated by adopting the appropriate elasticities and the expected 

population of the influential groups. Percentage changes in other land uses 

are assumed to be the same as that in residential use. 

As to relating land uses to transportation needs~ only residential and 

commercial uses are studied since these two land uses attract a major portion 

of all person trips. Two equations are formulated for this model. The first 

one expresses automobile vehicle-miles as a function of family income~ number 

of housing units with one or more cars and sales of all retail trades and 

receipts for all selected services. The second one expresses transit vehicle­

miles as a function of family income~ number of housing units without a car and 

sales of all retail trades and receipts for all selected services. In both 
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equations, the second independent variable represents residential land use 

while the last variable serves as proxy for commercial land use. 

Results indicate that commercial land use is significantly related to 

automobile vehicle-miles with an elasticity of .9155. However, residential 

land use has an insignificant effect on automobile vehicle-miles. For transit 

vehicle-miles, the reverse is true. Residential use is significantly related 

to transit vehicle-miles, with an elasticity of 1.0545 while commercial shows 

no significant effect on transit vehicle-miles. 

Although the results obtained are not as complete as some other models 

offer, the proposed models do provide a fast and rough estimation on future 

land uses and transportation needs. It is hoped that they can serve city offi­

cials (especially those of small cities) in their initial planning without 

having to spend considerable amounts of time and funds. 

Recommendations 

The proposed age breakdown for the young age group (15-19 years old) seems 

to be rather narrow. The meaningful results obtained may reflect the trend of 

the 1960 l s and the 1970 l s when young people after leaving their parental home 

established their own households in multiple housing. It would be interesting 

to see if the age of this group has changed by the 1980 1 s. For economic or 

social reasons, perhaps, those in the lower range of the middle-aged group may 

be forced into choosing their housing needs as the young group does. There­

fore, they might have to be removed from the middle-aged group and included in 

the young age group. 
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Also, it is believed that with the inclusion of the 1980 census and a 

larger sample of data on vehicle-miles by city, the results of the transporta­

tion demand model could be improved. 

39 



REFERENCES 

1. Guseman, Patricia K., Fuller, Theron K., Hatfield, Nancy J. and McFarland, 
William F., "Texas Population Trends and Implications for Transportatin,1I 
Texas Transportation Institute, Texas A&M University, College Station, 
Texas, October 1977. 

2. City of Abilene, Texas Highway Department, IIAbilene Urban Transportation 
Plan, 1965-1985,11 Vol. 2. 

3. City of Waco, Texas Highway Department, ilWaco Urban Transportation Plan, II 
Vol. 2, 1965. 

4. Bartholomew, Harl and, Land Uses oj n Ameri can Citi es, Oxford Uni versity 
Press, London, 1955. 

5. Cities of Dallas and Fort Worth, Texas Highway Department, IIDallas-Fort 
Worth, Regi onal Transportati on Study, II Techni cal Report, November 1966. 

6. City of El Paso, County of El Paso, Texas Highway Department, IIEl Paso, 
Transportation Study, Basic Elements and Plan, 1963-1985,11 Vol. 1. 

7. City of Houston, Harris County, Texas Highway Department, IIHouston-Harris 
County Transportation Plan, 1960-1980," Vol. 2,1967. 

8. City of Tyler, "Study Areas Land Use Tabulation Book,1I Unpublished 
Document. 

9. City of Dallas, Texas Highway Department, IIDallas-Fort Worth Regional 
Transportation Study,1I Vol. 11, July 1967. 

10. Wilbur Smith & Associates, Inc., "El Paso Long-Range Transit Plan ll
, 

Prepared for the city of El Paso, June, 1979. 

11. Neufville, Richard de, Koller, Frank and Skinner, Robert, IIA Survey of the 
New York City Airport limousine Service: A Demand Analysis," Highway 
Research Record 348, Highway Research Board, Washington, D.C., 1971, 
p. 200. 

12. Pratt, Richard H., Pedersen, Neil J., and Mather, Joseph J., IITraveler 
Response to Transportation System Changes - A Handbook for Transportation 
Planners,1I Department of Transportation, Washington, D.C., February 1977. 

13. Texas Transportation Institute, "Reference Manual, Public and Mass 
Transportation," Texas A&M University July 1975, pp. 111, B-1. 

14. Kern, Clifford R. and Lerman, Steven R., "Models for Predicting the Impact 
of Transportation Policies on Retail Activity, II Prepared for the Annual 
Meeting of the Transportation Research Board, Washington, D.C., January 
1978. 

40 


