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ABSTRACT

ACCESSIBILITY ATD RClSIDENTIAL GROWTH

by

WALTER G. HANSEN

Submitted to the department of City and Regional Planning on May,, 1959
in partial fulfillment of the requirements for the degree of Master of
City Planning.

The objective of this thesis is to quantify the general hypothesis of
the existence of a relationship between the accessibility of an area
and the potential rate and intensity of residential growth in that

area; and further, to illustrate how this relationship, once quantified,

can provide a basis for a residential land use model-- an estimating

process of distributing total metropolitan growth to small areas within

the metropolitan region.

Accessibility is defined in this thesis as the potential of opportunities

for interaction and is a measure of the intensity of the possibility of

interaction. The formula developed to measure accessibility is a var-

iation of the gravitational principle and states that the accessibility

to an neu:vity is directly proportional to the size of the activity

and inversely proportional to the distance to the location of the

activity.

An empirical exarination was conducted to determine the relationship

between accessibility to employment, shopping, and social opportunities

and the residential growth which occured in the Washington, D.C. metro-

politan area during the seven year period from 194.8 to 1955. Through
statistical analyses the association between these variables was estab-

lished and an estimating formula-- a residential land use model-- based

on accessibility and the availability of vacant land, was developed.
Tests of this model show that these two factors alone do not produce

estimates of sufficient reliability for practical use ; however, methods

of refining this basic model through the inclusion of other major
variables; such as, land costs, zoning, and taxes, are outlined.

The models applicability to the metropolitan planning process is illus-

trated through the use of hypothetical examples. These illustrations

show that the concept and approach developed in this thesis provide

a potentially valuable tool for metropolitan planainng .purposes.

Thesis Supervisor :. . Jobn.T. Howarde -

Title : Head, Department of City and Regional Planning
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ACCESSIBILITY AND RESIDENTIAL GROWTH

City planners, economists, and urban geographers have long emphasized the

importance that accessibility has on the pattern of urban development. The

general hypothesis, that the more accessible an area is to the various activ-

ities in a community the greater is its growth potential and probable

intensity of development, has been expressed in one form or another for some

time. One need only to glance at a master plan to observe the intuitive

acceptance of this hypothesis by the planning profession.

Although there has been close to universal acceptance of this general prope-

sition, there have been surprisingly few attempts to quantify this hypothetical

relationship between accessibility and urban development. Therefore, this

the6is is not an attempt to develop and propose a new theory concerning urban

development; but rather, has as its purpose the narrower objective of meas-

uring accessibility and examining the relationships which exist between it

and the growth and structure of residential development.

Specifically, this study has four major objectives:

(1) To develop a definition and methodology for the measurement

of accessibility.

(2) To determine empirically the relationships between residential

growth and accessibility to employment, shopping, and social

opportunities.

(3) To illustrate how accessibility can provide the planner with

a clearer understanding of the dynamics of metropolitan growth

and how the above relationships can provide a basis for a

residential land use model--a process of distributing metro-

I



politan growth to small areas within the metropolitan region.

(4) To indicate, in light of the results of this study, avenues

of potentially productive additional research.

A MEASUREMNT OF ACCESSIBILITY

Various indices of accessibility have been developed and used to describe

metropolitan structure. If Distance to the center of the city, concentric

circles or ischronal zones, and the ring sector measures are some of the

simpler attempts to measure the effects of accessibility. The deficiencies

of such indices as measurements of accessibility are too apparent to require

elaboration.

More complex indices have been developed which attempt to measure the

relative accessibility to a spatially dispersed activity rather than to

a point in space. One such index is aggregate travel. Aggregate travel

is defined as the accumulated distance that would be required to con-

centrate that activity to which accessibility is being measured at any

particular zone.

2f Most of the work done at this time afford valuable insight into the
structure of the metropolitan community but do not yield quantitative
forecasts or insight into the process of growth; the problem towards
which this paper is focused. This is because these studies reflect
correlations at a specific time rather than trends through time. For
an excellent study of this type see Don J. Bogue, The Structure of the
Metropolitan Community: Ann Arbor, 1949.

For one attempt to quantify the process of growth see Hans Blumenfeld,
'The Total Wave of Metropolitan Expansion, "Journal of the AIP, Winter,
1954. Also see Creighton and Hamburg, "A Method of Land Use Forecasting
Based Upon Historical Trends," (To be released) Journal of the AIP,
Spring, 1959. All of these studies use distance to the CBD as an index
of accessibility.
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For example, aggregate travel to population from a zone would be the

sumation of the individual distances traveled if all persons were

to get to that zone. The zone with the lowest number of " person

miles " would be the most accessible to the population. This index

could of course be refined to include aggregate travel to all work

opportunities or shopping establishments.

The recipro2al of aggregate travel is in effect an index which indi-

cates the proximity of any zone to the residential population of the

city or to some specialized part of the city such as work places. The

index is a relative measure of the ease of contact.

Another measurement of the relative accessibility of an area is the

population divided by distance or " potential of population " concept

developed by Stewart. 2/ Tn general terms the concept states that the

possibility of having contact with a group of people is directly pro-

portional to the size of the group ( activity level ) and inversely

proportional to the distance or separation from that group. /

2/ J. Q. Stewart, " Demographic Gravitation Evidence and Application
Sociometry , 11: 1-2 , Jan. 5, 1948, 31 - 58

This concept is expressed in the equation

P

1 22
D1-2

where:

1V2  equals the potential of population at point 1
created by the population at area 2.

P equals the number of people at area 2 ; some-
~ times adjusted for varying capacities for inter-

action.

D equals the distance of separation between point
-nd area 2; expressed in terms of miles, cost,

or time.

_1



As set forth by Stewart the concept of " potential measurements " may

be thought of as a macroscopic measurement indicating the relative in-

tensity of the possibility of interacting with a spatially dispersed

activity.

Stewart 's original formulation has been extended to measurements of

" income potential ", " market potential ", and a variety of other

indices describing the effect of an activity over space. More recently,

this concept has formed the basis of the so-called " gravity models"

being used for traffic estimation. The various applications of this

concept have been well documented and need not be examined in detail

at this time. 4/

In general, these investigations have shown that the intensity of a

variety of phenomena; i.e., traffic flow, population density, price

of a commodity, all vary directly with various potential measurements.

Accessibility Defined Consistent with the potential concept, access-

ibility is defined as the potential of opportunities for interaction

This definition differs from the usual one in that it is a measure of

the intensity of the possibility of interaction rather than just a

measure of the ease of interaction.

In general terms, accessibility is a measurement of the spatial distri-

4/ For a summary discussion and extensive bibliography on the various
applications of the potential and gravitational concepts of interaction:
Gerald Carrothers, " An Historical Review of the Gravity and Potential
Concepts of Human Interaction, " Journal of the AIP, Spring. 1956

0 1



bution of an activity ( opportunities for interaction ) adjusted for

the ability and desire of people or firms to overcome spatial separ-

ation. More specifically, the formulation states that the accessibility

at zone l to a particular type of activity at zone 2 ( say employment)

is directly proportional to the size of the activity in zone 2 ( number

of opportunities for employment ) and inversely proportional to some

function of the distance separating zones 1 and 2. Therefore, as more

opportunities for employment are offered at zone 2, or as the distance

separating zones 1 and 2 is decreased, the accessibility to employment

at zone 1 will increase. The total accessibility to employment at zone

1 can be expressed as the summation of the accessibility to each of the

individual employment areas. 2/

2/ More formally this concept can be expressed by the following
formula:

S 2

1-2

where:

lA2 is a relative measure of the accessibility in
zone 1 of an activity in zone 2.

S2 equals the size of the activity in zone 2; i.e.,
the number of opportunities for interaction

T -2equals the separation between zones 1 and 2, ex-
pressed in terms of miles, time, or costs.

x is an exponent describing the effect of the separ-
ation T on the possibility of an interaction
occurring.

Although the size of the activity S and the separation T are denoted by
a single symbol; their actual calculation may take a more complex form.

If there are more than two zones involved the formula becomes:
S S Sn1_ 2 . . .. n

A1  = x+ +T Tx nx
T1 _1 1 -2 1-
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There are of course many technical problems in the application of this

concept. Most of these problems will be discussed briefly in the em-

pirical examination sectiori of this study; however, one aspect of the

proposed accessibility model deserves special consideration and that is

the meaning and function of distance in the denominator of the model.

Exponent of Distance: It is generally agreed and empirical examina-

tions indicate, that an exponential function of distance should be used;

that is, the measurement of distance separating the various areas should

be raised to some power. It is the particular value that this exponent

should assume that has been the source of most of the debate concerning

gravity or potential models. Stewart contends that this exponent must be

unity. He bases this contention on an intriguing but unconvincing analogy

to Newton's Law of Gravity. 6/Offmore intexrest are the results of the

various studies which have empirically determined the value of this

exponent. These examinations have resulted in exponents that range from

6.5 to 3.0. This variation would at first glance seem to challenge the

validity of the concept; however, re-examination of the concept of access-

ibility will make apparent the reasons for most of this variation.

Accessibility was defined as the potential of opportunities for inter-

action. Stated in another manmer, accessibility may be thought of as a

measure of the effective opportunities at any zone 1 created by the

actual opportunities offered at any zone 2 The difference between

these two quantities, actual opportunities minus effective opportunities

6/ Stewart and Warntz, " Physics of Population Distribution, " Journal
of Regional Science, Vol. 1, No. 1, Summer, 1958 pp. 116-118
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would be the opportunity reduction from area 2 to point 1. If this

reduction is expressed as a percentage of the actual opportunities

offered at area 2 and furth-er divided by the distance separating area

2 and point 1 the resultant would be the rate of opportunity reduction

per unit distance.

-Now, if a single exgponent of distance is to be used in the accessibility

model, it means that this rate of opportunity reduction must remain constant

for all types of interactions. This in turn means that all types of

opportunities must be equally valued by the interacting party because

the unit costs of travel, however measured, should remain relatively

constant regardless of the destination or the purpose for which the

trip is made. However, this latter statement does not appear to be rea-

sonable. For example, it would not be expected that in choosing between

two alternatives of work a person would be equally influenced by (place

the same value on) differences of travel as he would in choosing between

alternate places tobuy aspii'in or some other type of convenience good.

The empirical examinations conducted within urban areas seem to support

this expectation. These studies show that the exponent decrease in the

following manner; school trips 2.0+, shopping trips 2.0, social trips 1.1,

and work trips 0.9. In short, the variation in the exponent above means

that people are willing to travel farth-ar to work than they are for any

other trip purpose. j

J. Douglas Carroll and H. W. Bevin, "Predicting Local Travel
in Urban Areas," Papers and Proceedings of the Regional Science

Associations, Vol. 3, 1957. See also Alan M. Voorhees, A General Theory
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It is when the results of these intraurban studies are compared to

the findings of interurban examinations that a variation in the value

of the exponent appears, which is not explainable by reference to trip

purpose. The analyses carried out on interurban travel, reveal exponents

of between 2.5 and 3.0. 8

One reason for this apparent variation in the results of the intra and

interurban investigations, is that these studies did not include ter-

minal time or terminal effect in the measurement of separation. In

interurban travel, since most of the tripa are relatively long, the

effect of omitting 5 to 6 minutes of terminal time is probably negligible.

In intraurban travel, however, where the median travel time is usually

less than 20 minutes, a 5 to 6 minute terminal time would have considerable

effect on the percentage increase on the measurement of separation.

To determine the effect of terminal time on the exponent of distance, the

results of an analysis of travel patterns in Baltimore, Maryland, were

examined. The details of this study, along with an explanation of the

'/ continued:
of Traffic Movement. Past Presidents Award Paper, Institute of Traffic
Engineers.

These exponent values should be considered tentative. Additional research

is being done by the Bureau of Public Roads to determine and statistically
evaluate these exponents for the Washington D. C., area.

8 J. Douglas Carroll, "Spacial Interaction and the Metropolitan Des-

cription,t " Papers and Proceedings of the Regional Science Association.
Vol. 1, 1955.
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procedure for determining exponents in gravity models are given in

Appendix A.

Briefly, this examination showed that, if driving times alone were

used as a measure of distance, the exponent of distance did not remain

constant but increased as the time of separation increased. By incor-

porating 5 to 6 minutes of terminal time into this measurement of sep-

aration, the variation in the exponent for amy particular type or

purpose of trip was greatly reduced.

When the separation of areas was expressed in terms of driving time plus

terminal time, the exponents for the various types of trips were found

to be: shopping trips 3.00; social trips 2.35; work trips 2.20. These

values are consistent with those determined by the various interurban

studies and were incorporated into the formula for computing accessibility

in the following empirical analysis.
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EMPIRICAL INVESTIGATION--WASHINGTON METROPOLITAN AREA

Data for the Washington, D. C., metropolitan area were used for

empirical examinations of the relationships between residential develop-

ment and accessibility. Origin and destination studies, conducted in

1948 and repeated in 1955, supplied the bulk of the information necessary

to calculate the accessibility measurements and to determine the pattern

of residential, commercial and industrial development over a period of

seven years. Z/

Because a majority (80 percent) of all personal travel originating in

residential areas is for work, shopping, and social purposes, this

study has limited its investigation to the examination of the relation-

ships between residential growth and accessibility to employment,

shopping, and social opportunities.

Table I gives the data used to calculate the various measurements of

accessibility. Using the formulas developed in the preceding section,

the accessibility to employment, shopping, and social opportunities were

calculated for 70 areas in the Washington metropolitan area. A brief

discussion of the components and calculations used to determine the

measurements of accessibility can be found in Appendix B.

2/ The travel data used in the study were collected in 1948 and 1955
in two origin and destination surveys conducted by the Regional Highway
Planning Committee for the Washington Metropolitan Area which was
financed jointly by the highway departments of the District of Columbia,
Maryland, and Virginia, and by the Bureau of Public Roads. Land use
and economic data were obtained from the National Capital Planning
Commission and the National Capital Planning Regional Planning Council.
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TABLE I

Data for Accessibility Calculations

Accessibility
to

Employment Opportunities

Shopping Opportunities

Social Opportunities

Units used to Express
Activity Level of Size

Number of Jobs

Annual Retail Sales

Population

Exponent
of distance

(minutes) *

2.20

3.00

2.35

* Distance is expressed
8 minutes of terminal time.

in minutes of offpeak driving time plus 5 to

Since accessibility is a spatially continuous measurement, it can be

mapped in much the same way as heights are depicted on a topographic

map. lo/ The map on Figure 1 shows the lines of equal accessibility to

employment for the Washington area in 1955. Figures 2 and 3, are

similar maps for accessibility to social and shopping opportunities.

l0/ That accessibility is in fact continuous is obvious. Every point
in an urban area is accessible, in some manner, to every other point.
However, in measuring accessibility, this continuity can only be approxi-
mated. This approximation becomes better as the metropolitan area is
divided into increasingly smaller segments. The approximation does not
materially effect the patterns shown on Figures 1 thru 3. It does
however, result in the loss of the smaller localized variations in the
pattern of accessibility.
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WAS AN AREA

4:
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* $0.000

ACCESSIBILITY INOEX ,' * p- ZONE EMPLOYMENT

1000,000

Figure I PATTERN OF ACCESSIBILITY TO EMPLOYMENT

WASHINGTON METROPOLITAN AREA, 1955
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WASHINGTON

ACCESSISILITY INDEX ,0',00 * L 2

Figure 2 PATTERN OF ACCESSIBILITY TO POPULATION

WASHINGTON METROPOLITAN AREA, 1955

OPOLITAN AREA
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WAS

ACCESSIBILITY INDEX

L-

Figure 3

'OPOLITAN AREA

PATTERN OF ACCESSIBILITY TO SHOPPING

WASHINGTON METROPOLITAN AREA, 1955



- 15 -

To determine the relationship between residential development and

accessibility, it is first necessary to account for the zonal varia-

tion in land available for residential development. This was done by

distributing total metropolitan growth to the individual zones on the

basis of vacant developable land; i.e., if zone A contained 10 percent

of the vacant land in the metropolitan area, 10 percent of the expected

growth was assigned to zone A. This proportion of the total metro-

politan development assigned to each zone is termed the prorated

development.

If there is a difference between this prorated development and the

actual development, then some factor or factors other than the

availability of land is affecting residential growth. One way of

expressing this difference is to divide the actual development by the

prorated development. This factor, called the deve3opment. ratioiis

a measure of actual growth per unit of prorated growth.

The residential development ratio was calculated for each of the areas

shown in Figure 1. A discussion and suimmary of these calculations is

given in Appendix C. Subsequently, these development ratios were

examined to see whether or not they varied systematically with the

various measures of accessibility. Observe the results in Figure 4.

The relationship between the development ratios and distance to the

center of the city is shown for comparative purposes.
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The data shown in Figure 4 substantiate the general hypothesis of the

existance of a relationship between accessibility and urban growth, or

at least residential growth. TL6e quantify these relationships and to

determine the actual degree of association between residential develop-

ment and the various measures of accessibility, a standard regression

analysis (log log) was performed on this data. The results of these

analyses are shown by the regression lines on Figure 4 and are suiarized

in Table 2.

TABLE 2

Statistical Analysis of the Relationship between Residential Development

Ratios and Various Measures of Accessibility

INDEPENDENT

VARIABLE (A 1 )

Accessibility
To Employment

Accessibility
To Population

Accessibility
To Shopping

Driving Time
To C.B.D.

RESIDENTIAL DEVELOPMMET RATIO (D1
Coefficient

of
Correlation

+0.9052

+0.8917

+0.8563

-0.8534

Coefficient
of

Determination

.82

.80

.74

.73

Standard

Error

.2690

.2899

.3274

.3293

ESTIMATING

EQUATION

Di = 12.69 AJ'04

Di = 0.93 A'

Di = 0.75 A31

Di = 719.0
2.23

A1

In addition to the regression analyses, a statistical "F" test was under-

taken. This test showed that the relationships shown in Table 2 were

significant and could not be the result of sampling variability and that

the chance of their being random was less than 1 in 1,000.



The summary on Table 2 shows that of the variables tested, accessibility

to employment is the best single indicator of residential growth. The

correlation coefficient of 0.90 means that accessibility to employment

alone explains 81% of the variation found in the residential develop-

ment ratios. Considering the numerous factors which could influence the

rate and intensity of land development, but which have not entered into

these calculations ,correlation coefficients as high as those shown

in Table 2 are somewhat surprising.

One of the reasons for such high correlations is a result of the sta-

tistical procedures themselves and should be explained to avoid any

misinterpretation of the results. In the type of regression analysis

used here, the correlations are not developed on the actual numerical

values of the variables themselves, but rather on the basis of the

logarithms of these values. Therefore, the correlation coefficients

and the resulting coefficients of determination are a measure of the

association between the logarithms of the variables. Inasmuch as the

variation between the logarithms of two numbers is numerically much

less than the numerical variation between the two numbers, the corre-

lation between the logarithms will be higher than a correlation between

the actual variables.

To indicate the extent to which accessibility to employment can explain

the actual variation in residential development, the equation shown in

Table 2 can be used to estimate the distribution of the 1948--1955

residential growth(zonal increase in dwelling units). These estimates

can then be compared to the actual growths recorded during this period

A



and the value of the relationship for estimating purposes may be

assessed.

As previously described, the prorated development in any zone is deter-

mined on the basis of the proportion of the developable land in that zone.

To estimate the actual development, the prorated development is multi-

plied by the development ratio, DD, which as shown by the formula in

Table 2, is equal to 12.9 times the accessibility to employment raised

to the 3.04 power. _/

A comparison of these estimated growths to the actual increases in

dwelling units in each zone, showed that 40 percent of the estimates

were within 30 percent of the actual figures, and that 70 percent were

within 50 percent of the actual growths.

Although these results are quite promising and indicate that accessi-

bility to employment and the availability of land are major factors in

residential growth, they do not by themselves produce sufficiently

precise results for estimating purposes. Other factors must be

included if a usable estimating process is to be developed. The

inclusion of the other measures of accessibility, by multiple corre-

lation procedures, would undoubtedly improve the predictive ability of

the model. Other factors such as zoning, land costs, and competition

for land with other types of land use, must also be considered.

11/ This formula varies from the one previously reported in W. G.
Hansen, "How Accessibility Shapes Land Use", Journal of the AIP, (To be
released) Spring, 1959. The reason for this variation is that in the
present case, the development ratio, D, was based on observed increases
in dwelling units, while the previously reported D was based on increases



20 -

The inclusion of some of these factors will be briefly discussed in the

concluding section of this study. However, it is not the purpose of

this paper to develop a usable residential land use model; but rather,

to outline its development and potential value.

For these reasons, the development of the model in the following section,

based solely on accessibility to employment, should not be interpreted as

a proposal, but rather as an illustration.

l/ (cont) in. population. Inasmuch as there is a fairly regular
decrease in persons per dwelling unit as accessibility increases, the
relationship between the variables produces a slightly higher exponent
when D is based on dwelling unit increase. The previous formula was:

Di- 13.7 A1 2.7
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A RESIDENTIAL IAND USE MODEL

Using the relationships determined in the preceding section, it

becomes possible to develop a generalized estimating model based on

accessibility and vacant or developable land. It was shown that

the growth in the area could be determined by multiplying the pro-

rated development by the development ratio. More formally:

(1) Gl = PdiDi

where:

but:

Gl equals residential growth of zone 1, in terms
of dwelling units

Pd1  equals the probable development in zone 1

(2) Pd, G*O0

Gt equals total metropolitan growth in terms of
dwelling units

01 equals vacant land in zone 1

Ot equals total vacant land in metropolitan region.

therefore:
(3) Gi = Gt 01 Di

also:
(4) Gt = G, + 2 + G3  .*e*Gn

substituting (3) into (5)

(5) G = Gt1 Dl + Gt 02 D2 ....+ Gt On Dn

Ot ~ Ot

reducing to:
(6) Ot = 01 1

Substituting into equation (3)

(7) G = 0

Gt 01 -

+ 02 D2 ''*' 0 On Wn

D1

1 + 02 'D2 ..... On D n

k
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3.04
Substituting K Ai for D, and cancelling K's

3.o4
(8) G, = OAI

0 A3.0 4  3.o 4  3.04
1 A + 02 A2 '

In effect this model or formula states that the proportion of the

total metropolitan increase in dwelling units that can be expected in

any given zoneis equal to the product of vacant land times the accessi-

bility of that zone divided by the summation of the similar products for

all zones. The following illustration is presented to clarify the

mechanics of the model and to demonstrate its potential value to the

city planning process.

Illustration of Model: Figure 5 is a diagram of a four-area hypothetical

metropolitan region, showing the existing employment, vacant develop-

able land, and the travel times between areas. Estimated growth for

the entire metropolitan region, by some future point in time, is 2000

dwelling units and 1000 jobs. The distribution of residential growth

will be determined for each of the following cases:

Case I. The travel times between areas are the same

in 1965 as at present and the increase in

employment takes place in zone 1.

Case II. By 1965 an express highway is built between

zones 1 and 2 reducing the travel time from

26 minutes to 21 minutes. The increase in

employment takes place in zone 1.

Case III. The travel times between zones are the same

in 1965 as at present and the increase in

employment takes place in zone 3.
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T T = T RAVEL TIME IN MINUTES

(DRIVING PLUS TERMINAL TIME) ZONE 3

NOTE: INTRAZONE TRAVEL TIME 200 ACRES VACANT

EOJALS 9 MINUTES

TT = 36 TT 26

TT = 31

ZONE I

TT * 26 5000 JOBS TT

0 ACRES VACANT

AREA ACCESSIBILITY TO
NUM. EMPLOYMENT

- JOBS
CST T.

CASE I

DEVELOPMENT
RATIO

K D, - A,3.04 D, 0,

%OF TOTAL RESIDENTIAL
DEVELOPMENT GROWTH

D,0' G,

21 DO (D.U.)

2 00 -U
262a

3 6000
262.2

4 6000
162.

CASE I

2 6000 -
21ala

3 6000
3 62.-

4 6000
162-2

CASE III

4.6

4.6

13.3

105

105

2600
N

300-

7.5

4.6

13.3

2 5000 1000

5000 +1000
3 261. + 922T-

4 5000 4 1000
4162.2 31 2.

460

105

2600

00-

a 4.2

a 11.9

- 11.6

79

1850

1700

M DO *

10500 6.5%

21000 13.0

130000 80,5

161500 100.0% %- 2000

46000 23.4 %

21000 10.6

130000 66.0

197000 100.0% G,- 2000

7900 1.7 %

370000 80.0

85000

462900

I 8.3

100.0%

OF LAND USE MODEL

130

260

1610

468

212

1320

34

1600

366

GT= 2000

Figure 5 ILLUSTRATION



The calculations in Figure 5 demonstrate the potential value of

this and similar land use models to the city planner. The model

can assist the planner in assessing the probable effects of a given

action; such as, the construction of an express highway (Case II) or

a policy of decentralizing employment (Case III). Of particular

importance is the fact that this determination of consequences need

not be limited to some predetermined area of "influence", but can be

assessed for all the areas within the metropolitan region. For example,

comparing Case II to Case I in the preceding illustration, the fact

that zones 3 and 4 will experience a decline in expected growth due

to the construction of the expressway,, dirbmoreingrt4k Ah

the therensedo~gro~th 1~inezonnikti~ egentatimating appe~edaar

would be unable to make such assessments.

It should be pointed out that the reliability of this model, or for

that matter, any estimating process which attempts to estimate thru

time, but does not contain time as a variable, is extremely sensitive

to the quantity of development being distributed. The model is only

capable of accurately distributing fairly small increments of growth.

The reasons for this limitation are quite apparent when it is remembered

that the pattern of accessibility is constantly changing through time;

and furthermore, that the accessibility and the availability of

developable land at any point in time, is in part dependent upon the

distribution of growth during the immediately preceding period.

This does not mean that the model cannot be used for long range fore-

casts; quite the contrary, When combined with knowledge concerning
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the probable density of development in each area, successive applications

of the model can integrate time or synthesize metropolitan growth up to

any point in time.

The sensitivity of the model and this process of sythesizing growth

are shown in Figure 6. These calculations are based on the same

assumptions made for Case I in the preceding illustration, the only

difference being that the total growth will be distributed with two appli-

cations of the model. The growth of 2000 dwelling units and 1000 jobs is

assumed to be linear; therefore 1000 dwelling units, based on an increase

in employment of 500 jobs, will be distributed with each application of

the model. It was assumed that all development would occur at a density

of thirty dwelling units per acre.

Figure 6 illustrates quite clearly this sensitivity of the model. Two

successive applications of the model produced zone estimates as much as

38 percent different than those estimated with a single application. This

example also gives insight into one possible reason for the variation

found in the empirical exaination. It might be that the comparison between

the actual and estimated growths would have been much improved if suffi-

cient data had been available to use two or three applications of the

model.

It is this aspect of the illustrated land use model--the ability to syn-

thesize the process of metropolitan growth, which offers the greatest poten-

tial value to the planning process. It will allow the planner to assess the

accumulated consequences, through time, of a given action taken at a given

time. The incorporation of the fourth dimension, time, into the present planning



ZONE ACCESSIBILITY TO DEVELOBMElf VACANT
NUM. EOYMEl RATI9.04 LAND

A1 D1= A1 01

D101 % OF
TOTAL
GROWTH

RESIDENTIAL
GROWTH
( D.U.)

RESIDElTfIAL
GROWTH
(ACRES)

FIRST ITERATION : TOAL GROWTH 1,000 D.U.

2 5500
26 2.2 = 4.25

3 2.2 - 4.25
26 2 1.

4 2.2 - 12. 20
162,

82

82

2000

100

200

8,200 6.6 %

16,400 13.2

50 100,000 80.2

at 30 D.U./Aere
66 2.2

4.4132

802 26.7

REMAINING
VACANT

LAND

97.8

195.6

23.3

SECOND ITERATION: TOTAL GROWTH 1,000 D.U.

2 6000
262.2 4.60

3 6000 46
3 2.2 = 4.60

4 2.20 = 13.30
162.

105

105

2600

97.8

124,600 100.0 %

10,250 11.3 %

195.6 20,500 22.7

23.3 59,700 66.0

90,450 100.0 %

os1000

113

227

660

1000
SUMMARY: DISTRIBJ ION OF TOTAL RESIDElfUIAL GROWTH 2,000 D.U.

USING ONE ITERATION
( Figure 5 )

130

260

1,610

USING TWO ITERATIONS
(Above )

179 (66 + 113)

359 (132 + 227 )
1462 (802 + 660)

Figure 6 SUCCESSIVE APPLICATIONS OF MODEL SY]NESIZE RESIDENTIAL GROWTH

2

3
4

5 DIFFERENCE

+37.5 %
+38.0 %

- 9.2 %



process would enable the planner to examine the path thru time by which

a given objective or goal may be obtained. For example, it would be

possible to determine the timing and sequence of constructing an express-

way system which would best promote a desired distribution of metropolitan

residential growth.

Thus far, this study has shown the existence of a relationship between

accessibility and residential growth and has developed an estimating

process or model based on these relationships. The developed model was

shown to offer great potential benefits to the planning process. Before

these benefits may in fact be realized, however, other factors affecting

metropolitan development must be incorporated into the model. The final

section of this thesis will briefly indicate how the effect of these other

factors on the development of land, may be assessed and further, how this

effect may be incorporated into the present model.

L
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CONCLUDING C()MENTS

The immediate value of the relationships and resulting model described

in this study is that it makes possible its own improvement or relia-

bility. The use of this model will make it possible to isolate and

examine empiricallythe effect of other factors on land development;

such as, income, zoning, taxes and land costs. The assessment of the effect

of such factors can be accomplished by empirically studying the relationship

between them and the differences between observed growth and growth esti-

mated on the basis of accessibility alone.

The results of such studies would provide the planner with a clearer under-

standing of the metropolitan community. It would also enable him to

determine the effectiveness of the various types of land controls at' the

metropolitan scale. In addition, the results of these studies could be

incorporated into the present model, thereby, increasing its reliability for

estimating purposes.

The effect on residential growth of factors, other than accessibility, can

be incorporated into the model in three ways: as modifying factors in the

calculation of accessibility; as adjustments in the determination of pro-

rated development; and as restraints in the output of the model itself.

Modification of the accessibility calculations can be accomplished by

changing the measurement of opportunities from a single quantity, such as

people or jobs as was used in this study, to a complex index. For example,

population could be modified by some measurement of opportunities for social

interaction. Opportunities for employment could probably be better measured

by some estimate of the actual opportunities offered during the time period



-29-

studied rather than using total employment.

Another method of refining the accessibility index would be to make

calculations for more precise types of accessibility. For example,

it would be possible to determine the accessibility to employment

opportunities for each of the major types of industries or occupations.

One such refinement that should be made, but which was not possible in

this study because of insufficient data, is to separate accessibility to

shopping into the two major categories of shopping goods and convenience

goods.

The determination of the prorated development expected in each area

offers many opportunities to include the effect of other factors in the

estimating process. Instead of determining prorated development on the

basis of area of vacant land, these calculations could be based on the

ultimate capacity of each zone in terms of dwelling units. 12f These

capacity figures could be based on a combination of many factors i.e.,

existing density of development, present or planned zoning, subdivision

regulations, and taxing policies. These capacity calculations should of

course be based on factors which empirical examinations have shown have

an effect on residential growth.

l2 Zonal capacity was one of the variables used to estimate future
residential growth in Chicago Transportation Study. For an explanation
of how these capacities were determined see: Klopprodt, "Allocating
Population to Small Areas," Chicago Area Transportation Study Paiphlet
June, 1957.

k
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Referring to the calculations in Figure 5 in the preceding section it

would be possible to place restraints on the output of the model. By

not al:lowing the amount of growth in a particular zone to exceed a pre-

determined amount, any growth which would normally be distributed to the

restrained zone in excess of this amount would automatically be redis-

tributed to the other zones. The effect of zoning might be incorporated into

the model in this manner.

In conclusion, this study has developed a residential land use model--

a process of distributing total metropolitan growth to small areas within

the metropolitan region. The model was shown to have great potential value

to the planning of metropolitan communities. Although considerable

additional research and refinement are required before the model will be suffi-

ciently precise for actual application, the model is sufficiently flexible

to incorporate factors other than accessibility which affect residential

growth.

The additional refinement of this estimating process, although feasible,

would require considerable time and effort. It is the opinion of the

writer that the benefits accruing from such additional study as may be

required would more than justify the expenditure.

6
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APPENDIX A

1XEMINATION OF THE XONENOT OF DISTANCE

IN GRAVITY MODELS

Before it is possible to empirically determine the effect of distance

or spacial friction on travel, it is necessary to correct or account

for the variation in the size of the zones (in terms of trip generation).

This is done by assuming that it is equally easy to travel between all

zones; i.e., all zonal pairs have equal time, cost and distance frictions.

If this assumption were valid each zone would draw or attract only its

proportion of the trips generated by any of the other zones. For example,

assume that zone 1 attracts a total of 1,000 trips and that there are

10,000 trips made in the entire metropolitan area. Then if all inter-

zonal travel frictions are assumed to be equal, zone 1 could be expected

to attract 1,000 divided by 10,000 or 10% of the trips produced by each

of the other zones. These resultant interzonal volumes, called the

probability interchange are the volumes that could be expected if distance

of separation had no effect on the volume of interchange between zones.

To the extent that the probability interdhange differs from the actual or

observed interchange some factor (s) other than zone size are effecting

travel volumes. One way of expressing this difference is to divide the

actual and probability interchange. This ratio will be termed the inter-

change ratio, and is a measure of the actual trips per probable trips.

By comparing the resulting interchange ratio between two zones, to the dis-

tance of separation between those zones, it is possible to assess the effect

of distance, measured in terms of miles, time, or cost; on the interchange

volume.
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Several studies, conducted in various cities have been made along the

lines Outlined above. These studies have shown that the interchange

ratio varies systematically with the reciprocal of distance to some

power. A sumnnary of the results of these studies is shown in Table A-1.

TABLE A-1

Empirically Determined Exponent of Distance

City Purpose of Trip

Work Social Shopping All Purpose

Detroit * 1.20 1.0 2.60 1.63

Fort Wayne * .805 - - -

klaboma ** .745

South Bend -* .703

Wichita .680 - - -

Baltimore ** .900 1,0 2400 1*60

Sources:

* Carroll and Bevis, "Predicting Local Travel," Papers and Proceedings of
the Regional Science Association, Vol. 3, 1957.

** Alan M. Voorhees, "Forecasting Peak Hours of Travel", Highway Research
Board Bulletin. 203, 1958.

* Unpublished data Baltimore Transportation Study.

Although there is considerable variation in these developed exponents there

is a certain consistency in the variation of exponent for different trip

purposes. The effect of distance seems to become less restrictive i.e.,

the exponent decreases,as purpose of trip becomes more important. l3

lJ For a good discussion of the logic of the variation in exponent by trip
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Effect of Terminal Time To determine the effect that the inclusion of

terminal time into measurement of separation would have on the exponent

of distance, an analysis was made of travel patterns in Baltimore,

Maryland.

Figure A-1 shows the interchange ratio, actual trips divided by pro-

bable trips, plotted on log-log-co-ordinates. (A straight line on this

type of paper has an equation of the form YsKXa where a, the exponent,

is equal to the slope of the line.. As the slope of the line becomes

steeper, the exponent increases. A 45 degree line, has an exponent of

1. 1)

The Baltimore data are plotted twice, once using driving time alone as

a measure of separation and again, using driving plus 6 minutes of terminal

time as the measure of separation. The Detroit data is presented to show

the similarity between the two cities and is plotted using driving time

alone as the measure of separation. Observe in Figure A-1 that when the

Baltimore data were plotted using driving time alone the slope of the

line does not remain constant but increases as driving time increases.

However, when separation is expressed in terms of driving time plus ter-

minal time, this variation in slope (and exponent) is greatly decreased.

The resultant pattern of solid points can be approximated with a straight

line.

13 continued'.
purpose see, Carrol and Beuis, "Predicting Local Travel in Urban Areas,"
Papers on Proceedings of the Regional Science Association. Vol. 3, 1957.
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Also to be noted on this figure is the decreasing effect that the

inclusion of terminal time has on the slope of the line as total sepa-

ration increases. There would be practically no difference between the

slopes of lines drawn through either the solid points or the open points

when the distance of separation becomes greater than 50 minutes. For

this reason it may be concluded that the results of the empirical exam-

inations of interurban travel, where most of the trips would be greater

than 40 minutes,are not in appreciable error because of the omission of

terminal time o*. the measurement of separation. Such studies of inter-

urban travel have resulted in exponents of 2.5 to 3.0.

The slopes of the free hand lines approximating the relationship between

the interchange ratio and separation, measured in terms of minutes of

driving time plus terminal lines, result in the following exponents:

Work trips 2.20, Social trips 2.35, and Shopping trips 3.00. These

exponents are in general agreement with those resulting from the interurban

examinations and were utilized to calculate accessibility in the present

study.

Implicit in the use of these exponents, is the assumption that the find-

ings of the Baltimore study are applicable to the Washington area. While

not strictly valid, this assumption should not produce an appreciable error

in the accessibility calculations. First, because the exponent for any

particular purpose of trip does not show great vaiation between cities

(See table A-1); and second, because the relative measures of accessibility

are not particularly sensitive to small variations in the exponent of

distance.
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APPENDIX B

CALCULATION OF ACCESSIBILITY

Prior to applying the accessibility formulas developed in the body

of this thesis it is necessary to consider three important aspects

of accessibility. These elements can best be expressed in the form

of three questions. Accessible to what? Accessible by what means

of travel? Accessible at what point in time? In the present exam-

ination these questions were for the most part answered or partially

answered by the limitations of the available data; however, to assist

in possible future empirical tests and to assess the consequences of

data limitations in the present analysis it is desirable to discuss

briefly each of these aspects of accessibility.

Accessible to what? First it should be explained that this question

does not imply a pre-evaluation of the relative importance of access-

ibility to different types of activities; but rather that it is nec-

essary to determine which of the limitless types of accessibility are

going to be calculated and compared to the pattern of growth. Also

that it is necessary to determine the units which are to be used to

express the size of the actiiity to which accessibility is being cal-

culated.

The method used in the present amination to determine the types of

accessibility to be calculated, was to observe the types of activities with

which people had repeated contact. Using the results of various origin-

destination surveys it was found that on the average 80 percent of all

the trips made in an urban area had either their origin or destina-
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tion at home; 40 percent had their origin or destination at work;

20 percent at shopping or commercial recreation areas; 20 percent

at residential areas for social purposes; and the remaining 40 per-

cent at a variety of places for purposes such as medical, dental,

change travel mode, etc. ( Note: each trip has both an origin and

destination hence the 200 percent.) With the majority of trips, other

than "home", concentrated in the work, social, and shopping catagories

these were the types of accessibility which were calculated. It could

be argued that frequency of contact is but one aspect of indicating the

importance of accessibility; however, lacking any other criteria,

the determination was based solely on this factor. Other types of

accessibility should be evaluated in light of residential growth in

future examinations.

Once the types of activities to which accessibility is to be calcu-

lated have been determined, the units to measure the relative size of

the activity areas must be developed. In the present analysis, total

employment ( number of jobs ) was used to indicate the number of em-

ployment opportunities in an area. Total population ( number of people)

was used to indicate the number of opportunities for social interaction

offered by an area. Annual retail sales ( dollars) were used to in-

dicate the activity level or opportunities for shopping interaction

offered by an area. It is possible that these measures could be modified

so that they would indicate better the actual opportunities for inter-

action offered by each zone or area. For example, instead of total em-

ployment, the average annual number of job openings would probably be

a better measure of employment opportunities. Opportunities for social

L
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interaction could be measured by some combined index of number of people,

average income, and social status. Numerous other modifying factors

could be developed; however, only through empirical analysis will

the desirability of their inclusion into the accessibility calcula-

tions be assessed.

It should be remembered that absolute figures are unimnportant in ex-

pressing the size or activity levels of an area. The model only con-

siders the size of one area relative to the size of other areas, whether

this relationship is expressed as 1 to 2 or 1,000 to 2,000 makes no

difference.

Accessible by what means of travel ? It will be noted that in the

formula for calculating accessibility the distance between any given

pair of zones can only assume one value at any particular point in

time. However, the actual distance between any pair of zones can have

a variety of values depending upon the mode of travel used. This weak-

ness is present in all locational analysis proceedures and as yet no

adequate solution has been offered. One method which has been used is

to express interzone distance in terms of average costs or average

time; however, this is at best an approximation,an in additionbefore

these average values can be computed it is necessary to know what pro-

portion of each interzone movement utilizes each mode of travel, which

in some cases is the intended output of the model.

In this analysis distance is expressed in terms of off-peak driving

time plus 5 to 8 minutes of terminal time. No attempt was made to adjust

for mass transit. In this particular case this omission does not intooduce
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an appreciable error into the accessibility calculations because the

Washington,D.C. area has only surface transit ( streetcars and buses)

and the interzone travel time by transit does not vary from that by

car. If a similar examination were going to be made for a city such

as Boston, some method would have to be devised to account for transit

or the relative accessibility of the central area would be much too low.

Accessible at what point in time ? One of the major problems encountered

in this study was to determine which pattern of accessibility should

be compared to the observed distribution of residential growth. Theoret-

icallythe accessibility which existed at the exact time the land devel-

opment occured should have been used; however, the process of growth is

continuous and the pattern of accessibility is constantly changing. In

Washington only the total growth over a seven year period was available.

Data was not available to break this into smaller increments. Also, the

only travel time data available was for the end point of this seven year

interval. For these reasons the growth which occured from 1948 to 1955

was compared to the pattern of accessibility in 1955. It is now felt

that this proceedure possibly introduced an appreciable unknown into the

analysis and attempts are now being made to estimate travel times for

1948 and 1952 and also to divide the total growth into two increments.

When these data become available the residential growth which occured

between 1948 and 1952 will be compared to the average accessibilty during

this period. The remaining residential growth will be compared to the

1952 - 1955 average accessibility values. It is hoped that this proceedure

will improve the general findings of this thesis.



ACCESSIBILITY CALCULATIONS FOR ZONE 37

TO TOTAL TOTAL RETAIL TRAVEL FRICTION FACTORS ACCESSIBILITY TO
ZONE POPULATION MPLOYMENT SALES TIME F1  F2  F3  POPULATION EMPLOYMENT SALES

(000) $ (min. ) , 2 3 A2 A A3

01 12,218 45,355 - 24 .39 .41 .30 4.,770 18,550 -

02 -25,696 -27 30 .32 .21 - 8,230 -

03 11,999 35,482 5,684 23 ,43 ,45 .35 5,150 16,000 1,990

04 27,360 11,257 5,6684 21 .53 .55 -45 14500 6,200 2,550

88 13,764 1602 4oo 34 -7 19 .11 2,30304

400 31. .17 j.19 jei23301 300 g

*Actual off - peak driving time plus terminal time. TOTAL 1,211,800 440,180 2585,100

* Inverse of travel time :F 1 T.3 F2 = Tt'.d F3 = 00

*1 A1 = F1 times population ; A2 = F2 times employment ; A3 = F 3 times Retail sales

SAMPLE CALCULATIONS OF ACCESSIBILITY

I
p
0
I

Figure B - 1
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APPENDIX C

CALCULATION OF_ RESIDENTIAL DEVELOMOIT_ RATIOS

The residential development ratio is defined as the ratio of actual

growth to the prorated growth, where the prorated growth of any area

i is equal to the total metropolitan growth divided by the total vacant

land in the metropolitan area and multiplied by the vacant land in area

i . In other words, the proportion of the total prorated growth in area i

is equal to area i's proportion of the total vacant land in the metro-

politan region.

In Washington, the amount of vacant land in each zone was not directly avail-

able; therefore, to estimate this item the following proceedure was used.

First, the amount of vacant land, residential land , and total number of

dwelling units in each zone was known. for 1955 , The change in the

number of dwelling units in each zone between 1948 and 1955 was known. The

following equation was used to estimate the vacant land in each zone in

1948.

1948 Vacant Land = 1955 Vacant Land + 1955 Residential Land x 1255-4 D.U.

1955 D.U.

The results of these calculations were adjusted in specific cases where

it was known that the density of development which occured between 1948

and 1955 was significantly different than that which occured prior to

1948. These adjustments were for the most part quite minor. Table C - 1

gives a summary of these calculations along with the 1955 accessibility

index for each zone.

A1
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