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ABSTRACT 

The effect of improving existing urban roadways on surrounding land 

use is an important consideration in highvJaY agency decisions regarding 

roadway improvements. Such decisions should consider the economic impact 

of proposed improvements. 

In an effort to identify the kinds of effects which urban roadway 

improvements have on surrounding land use over time, a study has been made 

of several urban locations experiencing roadway improvements during the 

past several years. 

Land use and related data were collected on eighteen locations in 

the Bryan-College Station, Dallas-Fort Worth, and Houston metropolitan 

areas. Following individual analyses of the study sites, data on all 

eighteen locations were aggregated for the purpose of statistically 

analyzing relationships between land use and various related factors. 

Chapter II of this report describes the categorical and regression approaches 

to the statistical analysis and reports the results thereof. 

A popular approach to forecasting regional urban growth is the use 

of urban development models. Using information on residential and employ

ment locations, trip origins/destinations, and population and employment 

projections, these models attempt to predict patterns of future growth in 

a metropolitan area. ChapterIII explores the suitability of urban develop

ment models as an alternative approach to modeling the relationship between 

urban land development and roadway improvements. 
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SUMMARY OF FINDINGS 

Thi s report descri bes the procedures ~nd results of ~n.ag9regati. ye. 

analysis performed on land use and related data for eighteen urban loca-

tions in Texas. This analysis represents the culmination of an investi

gation of the effects of urban roadway improvements on surrounding land 

use. The relationships between urban land use and certain predictive factors 

(including type of median treatment) for periods before, during, and after 

roadway improvement are described and tested for significance by using two 

statistical approaches, namely, the categorical (primary) approach and the 

regression approach. In addition, the report explores the suitability of 

urban development nodels as an alternative approach to modeling the re~ 

lationship between urban land development and roadway improvements. 

The findings of the categorical approach regarding urban land use 

changes as related to the effects of predictive variables are as follows: 

(1) Multi-family residential and commercial land uses vary with location 

type (abutting or nonabutting). 

(2) Commercial development and overall land development are associated 

with city population growth. 

(3) Rates of change in single-family residential, commercial, and 

overall development differ according to metropolitan area. 

(4) Multi-family residential and overall development vary among 

areas in different stages of development. 

(5) Residential and public/semi-public development are associated with 

ADT growth. 
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(6) Given the addition of traffic capacity, overall land 

development appears to be more rapid after improvement 

than before, when continuous left turn lanes were in

stalled. Raised medians appear to negatively impact 

overall development. 

(7) Given the addition of traffic capacity, single-family 

residential development is faster in the before period, 

in the absence of any median treatment. Raised medians 

are related to slower single-family residential growth 

during the construction period than before improvement. 

(8) Given the addition of traffic capacity, public-govern

mental and semi-public development is faster during the 

construction period than before, in the absence of any 

median treatment. Raised medians are associated with· 

slower development of this type of acreage. 

The findings of the regression analysis regarding changes in land use 

development and effects from various predictive variables are as follows: 

(1) Single residential development is higher in nonabutting areas, 

in the absence of capacity changes and median treatment; and 

lower in Dallas-Fort Worth and the during construction period. 

Overall development has a positive impact on single residential 

development; multiple residential development and commercial 

development have negative impacts. 

(2) Multiple residential development is higher with increased 

ADT, developed areas, and in the Houston area. Single residen

tial development and overall development have positive impacts 
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on multiple residential development; streets and roads de

velopment has a negative impact. 

(3) Commercial development is higher in abutting areas, and the 

Dallas-Fort Worth area; and lower in undeveloped areas. 

Single residential development has a negative impact on 

commercial development. 

(4) Public/semipublic development is higher in the Houston area, 

and with increased ADT. 

(5) Streets and Roads development is higher in the developed 

areas and the before construction period; and lower in the 

undeveloped areas jn the absence of median treatment. 

(6) Overall development is higher with increased ADT, in developed _ 

areas, and in the Houston area; and lower in the undeveloped 

areas. Single residential development, multiple residential 

development, and commercial development all have a positive 

impact on overall development. 

In conclusion, the results of the aggregative analysis suggest that 

the rate of net overall land development is not significantly changed due 

to roadway improvements of the type represented by this small sample. 

However, roadway improvements do affect the development rates of specific 

types of land uses more than they impact overall development. Also, ADT 

(a factor closely related to road improvements) is significantly related 

to residential, public, and overall development. Finally, residential and 

overall development is related somewhat to median treatment. A larger 

sample of road improvement projects should clarify these relationships. 
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The findings of the review of urban development models, with respect to 

their suitability for use in relating urban land use changes to roadway 

improvements, are as follows: 

(1) Currently operational models are of two types: 

(a) Lowry derivative models - a group of models, e. g. PLUM, that 

are based on relationships among residential, employment, and 

shopping locations. 

(b) EMPIRIC model - a model consisting of a set of simultaneous 

regression equations which involve residential and employment 

locations. 

(2) Computerized versions of these models are available from the Urban 

Planning Division of the Federal Highway Administration. There is 

no charge to non-profit organizations for the computer tapes and 

program documentation. 

(3) Each of these models requires substantial input data. Program 

and data management, including annual updating of input data and 

population/employment forecasting, involves a major effort by 

planners and support staff. 

(4) Some of the models work acceptably well for estimating general 

benchmarks for future regional growth and for assessing relative 

overall impacts of alternative transportation policies. However, 

none of the models can accurately predict land development in 

small areas such as the eighteen study areas considered in this 

study. It is concluded, therefore, that urban development models 

are not suitable for analyzing relationships between land develop

ment and roadway improvements in relatively small sections of 

urban areas. 

The report concludes with recommendations for investigating urban land 
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use changes before, during, and after roadway improvements. Some sugges-

tions are made for further refinement of the recommended analytical approach. 
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METRIC CONVERSION FACTORS 
RELEVANT TO THIS REPORT 

Approximate Conversions to Metric Measures 

u.s. Customary Units Factor 
Used in Report (multiply by) Metric Equivalents 

acres x 0.4 = hectares 

miles x 1.6 = kilometers 

feet x 0.3 = meters 
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IMPLEMENTATION STATEMENT 

The report relates the findings of a statistical evaluation of the 

relationships between urban land use and certain predictive factors, for periods 

before, during, and after roadway improvements. Further, recommendations are 

made with respect to the use of urban development models ~ithin the context of 

this study. 

The findings of the study can be of immediate use in decisions regarding 

roadway improvements in urban areas. The indicated associations between land 

use and various predictive factors suggest how land uses can be expected to 

change before, during, and after roadway improvements. Further, the results 

indicate how different types of median treatment tend to affect land use 

changes, given the addition of traffic capacity to a facility. This knowledge 

can be useful in SDHPT policy formulation regarding urban roadway improvements 

and also for analyzing land use effects of proposed roadway improvements 

in environmental documents. 
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CHAPTER 1.- INTRODUCTION 

PURPOSE AND OBJECTIVE OF STUDY 

The near completion 9f the Interstate Highway System and the in

creasing shortage of funds for future highway construction have caused 

state highway agencies to concentrate on upgrading and increasing the 

capacity of existing streets and highways. Much research has been done 

in the past concerning the impacts of new highway construction, but 

little has been done to examine the effects where an existing highway 

is upgraded. In order to optimize net public benefits, highway agencies 

need information of this type to help predict the effects from an im

provement on an existing facility. 

To help fill the data gap, 18 case studies have been made on land use 

and traffic volumes due to improvement of existing highways or streets. 

This study aggregates the findings of the 18 individual case studies and 

looks at the effects that highway improvements have on land use changes. 

The ~ggregative effects of such improvements on traffic growth patterns 

are presented in Texas Transportation Institute (TTl) Research Report 

225-23. The results of the case studies are reported in TTl Research 

Reports 225-3 through 225-21, except for 225-8. This study also examines 

existing urban development models to determine their adaptability for 

estimating the land development effects of highway improvements. 

The study objectives addressed in this report are as follows: 

1. Develop a mathematical m9del to estimate the influence of 

increasing the capacity of existing urban streets and high

ways on the rate of land development of area properties. 
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2. Determine the feasibility of modifying and adapting 

one of the existing urban development models to estimate 

the influence of improving urban streets and highways on 

the rate of land development. 

. CONTENTS OF REPORT 

The report consists of three major sections. The first section, Chapter 

II, includes the aggregative analysis of the findings of the 18 case 

study areas. The results of two types of analysis are presented in 

this section as follows: (1) categorical analysis and (2) regression 

analysis. Also, the conclusions of the aggregative analysis are presented. 

The second section, Chapter III, of the report contains the results 

of the evaluation of several urban development models. The description, 

availability, cost, and applicability of each model are presented in this 

section. Conclusions regarding the use of these models are presented at 

the end of this section. 

The third section, Chapter IV, contains the overall conclusion of 

this study and the recommendations for further research. 

SOURCES OF DATA 

Data for the aggregative analysis were taken from the 18 case study 

reports. The original data sources for each study are published separately 

in these reports. City and metropolitan area population changes for the 

study periods used in each case study were determined from data obtained 

from the U.S. Bureau of Census reports [3,4,5J, a SDHPT report [6J, a 

North Central Texas Council of Governments report [8J, and the Houston City 
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Planning Department ,[7J. 

Data on the urban development models were obtained from published 

reports and persons involved in the development and use of each model. 
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CHAPTER II. AGGREGATIVE ANALYSIS 

In order to examine some general relationships between land use and 

various factors which affect land use, information on the eighteen study 

areas (Table Al in the Appendix) was aggregated into a single data base 

for purposes of statistical analysis. This chapter discusses the data 

limitations and the reasons for conducting a categorical analysis as well 

as a regression analysis. The models for each of these analyses and the 

results are presented separately in this chapter. 

LIMITATIONS OF THE DATA 

The data contain three limitations which temper any conclusions 

about associations between land use changes and various predictive factors. 

First, there is a small number of observations on each variable, relative 

to the number of variables considered in the analysis. This implies that: 

(1) multiple and/or interactive effects of the predictive variables can-

not be analyzed, and (2) significant relationships between the dependent 

variable (DV) and independent variables (IV) are more difficult to detect 

than would be the case with more observations. Failure to examine inter

actions among independent variables can result in some significant effects 

going undetected. For example, a predictive variable might not by itself 

appear to impact land use. But when it is allowed to vary by levels of 

some other predictive variable (S), i.e., when the interaction is con

sidered, then the impact of the variable on land use might be found to be 

significant. However, the small sample size does not preclude the esti

mation of basic relationships between the DV and IV, specified in individual 

4 



.------------------------------------ --- -----

main effects (single-IV) models. 

Second, there are no control areas to compare with the study areas. 

Hence, it cannot be conclusively determined whether a given land use change 

is attributable primarily to a roadway improvement, to other factors, or 

to a combination thereof. 

However, it should be recognized that good controls for land use 

changes are difficult to obtain. An area chosen as a control might not 

be independent of the corresponding study area, so that differences in land 

use changes between the study and control areas might not be attributable 

solely to the roadway design improvement. In addition, it is possible 

that a control area would not remain untreated for the span of years re

quired for a before-during-after study. It might be expected that SDHPT 

would improve roadways in both areas, since the control area would be so 

similar to the study area. Hence, in many cases a potential control area 

might bear more dissimilarities to the study area than desirable for a 

good control. 

Finally, it is expected that cross-sectional correlation exists among 

some of the observations. The eighteen study locations are grouped into 

three metropolitan areas, so that any exogenous influence affecting one 

location can be expected to impact other locations in the same metro area. 

This cross-sectional association among locations within metro area can 

possibly affect the validity of tests for significance between the DV and 

IV by incorrectly indicating significance in some cases [lJ. However, the 

problem can be overcome by using binary variables to represent each metro

politan area, and using a generalized linear regression estimation proce

dure. The binary variables can be added into the regression equations so 

5 
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that any significant effects of a metropolitan area on the sample regression 

line can be estimated and tested. 

The limitations in the data do not prevent the use of regression analy

sis in this study, even though a much larger sample size, along with control 

areas, would be required to estimate, with greater precision, the effects 

from a proposed highway improveme.nt on various categories of land use. 

CATEGORICAL ANALYSIS 

The object of aggregating and analyzing data on land use changes is to 

gain some insight into associations between land use changes and related 

predictive factors, including alterations in roadway design. l These re

lationships are complex, however, so that comprehensive definition and 

estimation of the structural relationships between land use changes and 

associated predictive factors require a large and good quality2 data base. 

Given the scope of this study and the limited availability of primary data 

for desired study years, the more simplified categorical analytical 

approach was used for the primary analysis .. 

The land use data colle~ted during the course of this study were com-

bined with data on possible predictive factors to create a data base for 

analyzing land use changes. Rates of change in land use of a particular 

type (residential, commercial, etc.) were compared pair-wise for periods 

lSee the appendix for details of the data and the analysis. 

2For a detailed discussion of frequently encountered statistical 
problems and their implications, see, for example, Kmenta [lJ. 
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before, during, and after roadway design changes. These comparisons of 

rates of change (dependent variables) were then examined statistically for 

significant associations with selective predictive factors (independent 

variables) by using two-way frequency tables and Chi-square tests. 

The rationale for testing the significance of associations between 

land use changes and certain predictive factors is that rates of land 

use change are thought to be affected by a combination of factors including 

roadway improvements. In some cases, other factors might overshadow road

way improvements in impacting land use, while in other instances roadway 

changes might strongly interact with other factors in accomodating land 

use changes. Although data were not available for testing the possible 

effects of roadway improvements alone on land use changes, the effects of 

other factors on land use were analyzed before, during, and after imple

mentation of roadway improvements. While land use changes so analyzed 

reflect the combined impacts of roadway improvements and other factors, 

rather than the impact solely of the roadway improvement, the identifi-

cation of factors significantly associated with land use changes is of use 

in decision making vis-a-vis roadway improvements and their possible effects 

on land use. 

Description of Model 

The relationships between land use changes and certain predictive 

factors considered in this analysis were assessed via a test of the follow-

ing null hypothesis: 

For a given type of land use, the rate of 
change before, during, and after improve
ment is not affected by certain predictive 
factors. 
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The relationships involved in testing H~ were formulated as: 

where Yi is a variable that relates the rate of change in the ith type of 

land use (i = single-family residential, commercial, 'etc.) during one 

period to that during a previous period. The period-to-period comparisons 

for the Yi were before-after, before-during, and during-after. Xj repre

sents the jth predictive factor affecting land use changes (j = location 

type, stage of development, etc.). The Xj were classified according to 

levels of the predictive factors, e.g., levels of the factor "location 

type" were defined as "abutting" and "nonabutting." 

Hence, H~ states that Yi is not associated with Xj . The statistical 

tests related to Hl involved assessing the degree of association between o 

the Y i and Xj' 

A second hypothesis test was undertaken in order to examine the pos

sible effects of different types of median treatment (Table A18) on urban 

roadways which are widened. The null hypothesis H~ is: 

For a given type of land use, the rate of 
change before, during, qnd after improve
ment is not affected by median treatment 
involving continuous left turn lanes or 
raised medians, given the addition of 
traffic capacity. 

To test H~, land use changes were related to median treatment as 

follows: 

Yi = f(D) 

where Yi is as defined for H~. The variable 0 is defined as: 

o = "none", when capacity is added b,Lit neither 
continuous left turn lanes nor raised medians 
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were added to the existing roadway. 

= IIleft turn lane ll , when both capacity and 
left turn lanes, but not raised medians, 
were added. 

= IIraised median ll , when both capacity and 
raised medians, but not continuous left 
turn lanes, were added. 

The nominal or ordinal - i.e., classified - nature of the dependent 

and independent variables lends them well to categorical analysis, as 

opposed to a parametric technique such as linear regression. Although 

categorical independent variables fit easily into an ordinary least 

squares model so long as the dependent variable is continuous, regression 

is inappropriate when the dependent variable is dichotomous [2]. There-

fore, an approach appropriate for analyzing cross classified categorical 

data, one employing the chi-square statistic, was used in this study. 

In accordance with a before-during-after analysis design, for each 

study location (Table Al in appendix), data (observations) on each variable 

were collected for four points in time (t):3 

t = 0, some year prior to formal SDHPT planning 
of the roadway improvement (on average, 
about 4.5 years prior to t = 1). 

t = 1, the year in which planning/construction 
began. 

t = 2, the year after construction was completed. 

t = 3, the most recent year for which d~ta were 
available. 

The IIbefore ll period is defined as the period of time from t = ° to t = 1, 

the IIduringll period as t = 1 to t = 2, and the lIafterll period as t = 2 to t = 3. 

3The specific years corresponding to t = 0,1,2,3 vary among study areas. 
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The basic data from which the dependent variables (DV) were constructed 

consist of acreage in six types of land use at each study location (see 

TablesA2-A7) : 

(1) Residential, single-family, including mobile homes 

(2) Residential, multi-family 

(3) Commercial, including industrial 

(4) Public-governmental and semi-public 

(5) Streets and roads 

(6) Undeveloped 

For each location, the average annual change in each type of acreage, as 

a proportion of total acreage in the tract, was calculated for the before, 

during, and after periods. Pair-wise comparisons of those rates - before

after, before-during, and during-after - were then made to determine 

whether the rate of change in each land use type in the later period was 

greater than or less than the rate of change in the earlier period. These 

relative rates of change comprised the basis for assigning frequencies 

to categories (llfaster ll or IIs10werll rate of development from one period to 

the next) of the DV (Tables A9, All, A13). 

Certain factors thought to influence rates of land use change over 

time were included in the analysis as predictive or independent variables 

(IV). The following factors were selected and categorized as indicated 

to form the IV (Tables A8, A10, A12, A14): 
'" 

( 1) Location type - abutti ng ,:or nonabutting 

(2) City population growth - faster or slower rate of growth 
over time, on the basis of before-after, before-during, and 
during-after period comparisons 

(3) Metropolitan area - Bryan/College Station, Dallas/Ft.Worth, or 
Houston metro areas 
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(4) Stage of development - largely undeveloped, developtng, 
or fully developed as of t = 1 

(5) Traffic volume growth - faster or slower rate of growth over 
time, on the basis of before-after, before-during, and 
during-after period comparisons. ADT counts were made on the 
improved roadway in each study location. 

It is thought that land use varies according to whether or not a 

tract abuts a roadway. In this study, each tract is classified as 

abutting or nonabutting with respect to the improved roadway in its 

study location. 

City population growth is thought to encourage land development. It 

is included in this study to examine its association with each type of 

land use, as well as with overall land development. 

Metropolitan area is included as a predictive variable in order to 

account for regional economic and/or demographic differences which are not 

reflected in municipal population changes. For example, both the Dallas 

and Ft. Worth municipalities experienced population declines during a 

period in the 1970's, although the Dallas-Ft. Worth metropolitan region 

continued to grow during this period. 

Land use changes might also vary according to the stage of develop

ment of an area. For example, development might be faster in areas having 

more land available for development than in relatively heavily developed 

areas. 

Growth in ADT on the improved roadway is thought to affect land de

velopment. Its relationship with different types of land development is 

examined. 

The DV and IV constitute a set of cross-classified data on which some 

statistical tests were performed. The tests are intended to shed light on 
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associations among land use changes, urban roadway design changes, and 
1 2 other predictive factors, as alluded to in the null hypotheses Ho and Ho' 

However, it should be recognized that the strength and validity of the 

inferences regarding the DV and IV are limited to the extent that there 

exist certain limitations in the data. 

Results of the Analysis 

Main-effects models were estimated for combinations of the DV and IV, 

and the results for the first null hypothesis, H~, and the second null 

hypothesis, H~, are presented under each land use category. The results 

of the H~ tests of significance between the rates of land use change and 

the various predictive factors are presented in Tables A15 ~A17 in the 

appendix and illustrated in Tables 1-3 in the text. The arrows indicate 

that a significant relationship was found between the indicated predictive 
2 factor (IV) and the associated land use. The results of the Ho tests are 

presented in Tables A19-A20 in the appendix. 

In general, the analysis of many of the models of DV-IV relationships 

indicate that the null hypothesis, H~, be rejected, i.e., that there is 

a statistically significant relationship between land use changes and the 

predictive factors considered. On the other hand, the analysis indicates 

that the null hypothesis, H~, be accepted for most of the DV-IV relation

ships, i.e., there is not a statistically significant relationship between 

land use changes and median treatment, given the addition of traffic 

capacity. 

The specific results of statistically significant relationships for 

each land use are presented below. 
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Table 1. Before - After Comparisona 

Independent Variables (IV) Dependent Variables (DV) 

Location type~ Residential, singlecfamily 

City population Residential, multi-family 

Metropolitan area Commercial 

Stage of development 

Traffic volume 

Public and semi-public 

Streets and roads 

Undeveloped 

a The arrows indicate that a significant relationship was found 
between the indicated predictive factor and the associated 
land use. 

The level of significance is .10. 
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Table 2. Before - During Comparisona 

Independent Variables (IV) 

Locati on type -.;;;:::::::~_ 

City population 

Traffic volume 

Dependent Variables (DV) 

Residential, single-family 

Residential, multi-family 

Commercial 

Public and semi-public 

Streets and roads 

Undeveloped 

a The arrows indicate that a significant relationship was found 
between the indicated predictive factor and the associated 
land use. 

The level of significance is .10. 
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Table 3. During - After Comparisona 

Independent Variables (IV) 

Location type 

City population 

Traffic volume 

Dependent Variables (DV) 

Residential, single-family 

Residential, multi-family 

Commercial 

Public and semi-public 

Streets and roads 

Undeveloped 

a The arrows indicate that a significant relationship was found 
between the indicated predictive factor and the associated 
land use. 

The level of significance is .10. 
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Residential Single-Family (RS) 
1 The significant RS period comparisons involving the Ho test are as 

follows: 

Before-After Comparison. RS acreage developed faster during the 

after period than during the before period in the Dallas-Ft. Worth 

metro area. No difference was found in before-after rates of RS 

development in either the Houston or Bryan/College Station metro 

area. 

Before-During Comparison. RS acreage developed more slowly in 

areas experiencing increased ADT growth. This could be due to 

the higher valuation of acreage as commercial property, due to 

enhanced access to the area. 

During-After Comparison. The rate of RS development did not differ 

significantly between periods. 

Overall, RS development seems to slow in response to ADT growth on 

the improved roadway. This could be due to both the enhanced value of 

abutting land for commercial use and the decreased desirability of 

abutting land for residential use. However, no significant relationship 

between commercial development and ADT growth was detected. 

In addition, RS development varied by metro area. However, without 

a more detailed model of RS behavior, specific causes of the variation by 

metro area are not clearly identifiable (this point is discussed further 

in the conclusions to this chapter.).~ 
2 The significant RS period comparisons involving the Ho test are as 

follows: 

Without Median Treatment. RS development was faster in the during 
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period than in the before period in the absence of any median treat

ment, given the addition of capacity (Table A20). 

With Median Treatment. For the before-during period comparison, RS 

development was slower when the median treatment consisted of raised 

medians, but apparently was not significantly related to continuous 

left turn lanes. 
2 The results of the Ho tests suggest that, at least in some cases, 

land use changes vary with type of median treatment. However, the H~ 

tests made no distinction between land use changes in abutting and non

abutting areas, due to the small sample size. This potentially confound

ing factor allows for the possibility that land use changes vary more 

according to type of abutment than to type of median treatment. 

Residential Multi-Family (RM) 
1 The significant RM period comparisons involving the Hotests are as 

follows: 

Before-After. The average annual rate of RM development in non

abutting areas was faster during the after period than during the 

before period. In abutting areas, RM development was slower during 

the after period than during the before period. During the before 

period the annual rate of RM development was faster, on average, in 

abutting areas than in nonabutting areas. During the after period 

the annual rate of RM development was faster, on average, in non-

abutting areas than in abutting areas. 

Before-During. The rate of RM development in nonabutting areas was 

faster in the during period than in the before period. In abutting 
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areas, the rate of RM development was slower in the during period 

than in the before period. In the during period, the annual rate 

of RM development was, on average, faster in abutting areas than in 

nonabutting areas. 

RM acreage developed more slowly in areas experiencing faster ADT 

growth and more rapidly in areas where ADT growth was slower from 

one period to the next. 

During-After. The rate of RM development in nonabutting areas was 

faster in the after period than in the during period. In abutting 

areas, the rate was slower in the after period than in the during 

period. 

In both the before and during period, abutting RM acreage developed 

faster than nonabutting RM acreage. In the after period, however, RM 

development was faster in nonabutting areas than in abutting areas (see 

Table A3, average DRM values by period). This might be due to the 

relatively higher valuation of abutting acreage in commercial use (rather 

than residential use) as traffic volume and access are enhanced in the 

area, leading to relatively greater RM development of nonabutting tracts. 

Overall, RM development is affected by ADT growth and by location 

with respect to the improved roadway. As with RS development, ADT growth 

could render abutting land more valuable for commercial use and less 

attractive for residential use. This hypothesis is corroborated by the 

effect of location type on RM development, i.e., RM development was faster 

in nonabutting areas and slower in abutting areas. 

The results of the H~ tests showcno significant RM period comparisons. 

Therefore, it might be concluded that RM land use changes do not vary 
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with type of median treatment. Due to the small data base this conclusion 

may be inaccurate. 

Commercial (C) 

The significant C period comparisons involving the H~ tests are as 

foll ows: 

Before-After. The average annual rate of C development in non

abutting areas was faster durin~ the after period than it was 

during the before period. In abutting areas, the rate was slower 

during the after period than during the befor~ period. In both the 

before period and the after period, the rate of C development was, 

on average, faster in abutting areas than it was in nonabutting 

areas. 

e development was slower in the Houston metro area but sliqhtly 

faster in the Bryan-College Station area. In the Dallas-Ft. Worth 

area, there was no appreciable difference between the rates of C 

development in the before and after periods. 

Before-During. The rate of C development in nonabutting areas was 

faster in the during period than it was in the before period. In 

abutting areas, the rate was slower in the during period than in the 

before period. In the during period, the rate of C development was, 

on average, faster in abutting areas than it was in nonabutting 

acres. 

C acreage developed faster in areas experiencing faster population 

growth across periods. An influx of additional citizens into an 

area can be expected to lead to increased development of supporting 

commercial facilities. 
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During-After. C development was faster in areas having faster 

population growth. 

During a single period, abutting acreage developed faster than non

abutting acreage (see Table A4; average DC values by period). This was 

the case for all periods. 

Overall, C development responded to variations in location type, 

population growth, and metro area. While abutting C acreage developed faster 

than nonabutting during any given period, the rate of nonabutting C de-

velopment was faster post-construction or during construction than pre

construction. This suggests that: (a) abutting acreage is more attractive 

than nonabutting for C development, but (b) improved access to an area 

appears to make nonabutting acreage more attractive for C development than 

it was prior to roadway improvement. 

Given the limited ability to model land use changes, the precise re-

lationships between population growth and roadway improvement, metro area 

and improvement, and possibly population growth and metro area are not as 

clear as that between location type and roadway improvement. Differences 

inC 'deve'lopmemt by 1 ocati on type over time coul d be due primarily to 

roadway improvement (this can only by hypothesized, since there are no 

control areas). However, differences by population growth or metro area 

are not, without more detailed modeling, so apparently related directly 

to roadway improvement. 
2 The results of the Ho tests show no significant C period comparisons, 

indicating that C land use changes do not vary with type of median treat

ment. Again, the lack of adequate data may not produce significant 

results. 
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Public-Governmental and Semi-Public {P} 

The results of P period comparisons involving the H~ tests are as 

follows: 

Before-After. There was no significant difference between the 

rates of development of P acreage across period, with respect 

to any of the independent variables. 

Faster P development from the before period to the after period 

was associated with faster net overall land development4 across 

periods. 

Before-During. There was no significant difference between the. 

rates of development of P acreage across periods, with respect to 

any of the independent variables. 

P development tended to be faster in areas where RS development 

and/or net overall land development was faster in the during period 

than in the before period. 

During-After. P acreage developed faster in areas having faster 

ADT growth. 

The relationship of P development to RS and overall development and 

to ADT growth suggests that P development occurs in response to an in

creased level of population-related activities and development. In this 

context, P development may be related to roadway improvement via its 

4Net developed acres are the number of acres of undeveloped land con
verted to a developed use. Net development does not account for changes 
from one developed use to another. 
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relationship to RS development. Although RS development and ADT growth 

are negatively related, the improved access to an area provided by an 

improved roadway could contribute to the development of parks, churches, 

and other forms of P development. 

The results of the H~ tests show no significant P period relation

ship, thus indicating that P land use changes do not vary with type of 

median treatment. 

Streets and Roads (SR) 

_ The findings of SR period comparisons involving the H~ tests are as 

follows: 

Before-After. SR development was faster across periods when RS 

development was faster. 

Before-During. SR development was faster when RM development was 

faster. 

During-After. SR development was faster when RM development was 

_ faster. 

The rates of SR development did not differ significantly, across time 

periods, with respect to any of the independent variables. Rather, SR 

development was associated with development of RS and RM acreage. 

SR development may be related to roadway improvement via its relation

ship to residential development. As RS and RM development respond to ADT 

growth and location type, respectively, SR development is affected. 

The results of the H~ tests show no significant SR period relation

ship, thus indicating that SR land use changes do not vary with type of 

median treatment. 
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Undeveloped (U) 

The findings of U period comparisons involving the H~ tests are as 

foll ows: 

Before-After. The rate of change in net overall land development 

(the opposite of the rate of change in U) did not differ signifi

cantly from the before period to the after period. 

Before-During. The rate of net land development was faster in the 

Bryan-College Station area and slower in the Houston area from the 

before period to the during period. There was no significant 

difference in the rate of land development across periods in the 

Dallas-Ft. Worth area. 

Net land development was slower in the during period than in the 

before period in the primarily undeveloped areas. In developing 

and fully developed areas, however there was no difference between 

the rates of land development in the before and during periods. 

It may be that areas already moderately developed are more attractive 

for further development than are areas having relatively little 

development. 

During-After. tand.devel0ped faster in areas experiencing faster 

population growth across periods and slower in areas with slower 

population growth from the during period to the after period. 

The results do not suggest a strong relationship between overall 

development and roadway improvements, relative to the relationships found 

between residential/commercial development and factors seemingly closely 

related to improvements (ADT growth, location type). One conclusion of 

this comparison of results is that roadway improvements affect the . 
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development rates of specific types of land uses more than they impact 

overall development. 
2 The results of the Ho tests are as follows: 

Continuous Left Turn Lanes. Although relatively weak in the level 

of significance, this test suggests that given additional capacity, 

land developed more rapidly after improvement than before improve

ment when continuous left turn lanes were implemented. 

Raised Medians. Raised medians were apparently associated with 

slower overall development (Table A19). 

The analysis suggests that land use changes before, during, and after 

roadway improvements are related to several predictive factors. These re

lationships can be summarized as follows: 

1. Both multi-family residential and commercial land uses vary 

according to location type. Multi-family residential develop

ment could be spurred in the general area due to better access 

to the location and specifically in non-abutting areas as 

abutting acreage becomes more highly valued in commercial use 

due to increased traffic volume on the improved facility. This 

increased traffic volume might also make some nonabutting 

acreage more attractive for commercial development due both to 

the relatively higher value of abutting commercial tracts and 

to increased customer traffic in the area due to the improved 

roadway. 

2. City population growth is positively associated with commercial 

development and overall land development. 

3. Rates of change in single-family residential, commercial, and 
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overall land development differ according to metropolitan 

areas. 

4. Multi-fami~y residential and overall development vary 

among areas in different stages of development. 

5. Residential and public/semi-public development are re

lated to ADT growth. Increased traffic volume tends to 

render an area less attractive for residential use and 

more valuable in commercial use (although no significant 

relationship between C development and ADT growth was 

found in this analysis). Improved access to an area 

seems to contribute to P development, e.g., parks, schools, 

churches. 

6. Some types of land use appear to be related more to other 

types of land development than to any of the predictive 

factors included in this study. Public and semi-public 

development is positively related to single-family resi

dential development and overall land development. Develop

ment of streets and roads is positively associated with 

residential development. Any impacts of roadway improvement 

on these types of land use would, then, appear to be via 

other types of land development. 

7. Some evidence was found to suggest that the type of median 

treatment implemented can affect relative rates of land 

use change, especially single family residential and net 

overall land development. In those cases where they do, 

the two median treatments considered appear to have 

opposite effects on land use changes. 
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REGRESSION ANALYSIS 

There are several limitations, discussed earlier, which restrict 

the use of regression analysis. The most important factor is the small 

sample size, consisting of the 18 case study areas. However, by com

bining the time-series data for each study area with the cross-sectional 

data for all 18 areas and dividing each area into abutting or nonabut

ting land use, a potential sample size of 108 is treated. Even though 

some data are missing from the data set, each equation presented in this 

section has at least 93 observations, giving an adequate sample size for 

regression analysis. 

Description of Regression Models 

A regression analysis must assume some functional relationship be

tween the dependent variables and the independent variables. The same 

data set, discussed previously in the categorical analysis, is used in 

the regression analysis presented in this section. 

Land use changes are divided into 6 different categories which are 

used as the dependent variables (DV), 

(1) DRS = the percentage annual change in the proportion of 

single residential acreage. 

(2) DRM = the percentage annual change in the proportion of 

multiple residential acreage. 

(3) DC = the percentage annual change in the proportion of 

commercial and industrial acreage. 

(4) DP = the percentage annual change in the proportion 

of public and semi-public acreage. 
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(5) DSR = the percentage annual change in the proportion of 

streets and roads acreage. 

(6) DU = The percentage annual change in the proportion of 

undeveloped acreage. 

Several exogenous variables are assumed to potentially affect changes 

in the land use categories listed above. Two continuous exogenous vari

ables (CV) are used, 

(1) DADT = the percentage annual change in ADT, 

(2) DPOP = the percentage annual change in population; 

and six different sets of binary variables (BV), 

(1) abutting or nonabutting location type 

( 2) 

(3) 

Bl = 1 if land is nonabutting study route, 

= 0 otherwise. 

B2 = 1 if land is abutting study route, 

= 0 otherwise. 

stage of area development 

Sl = 1 if area undeveloped (less that 20%), 

= o otherwise. 

S2 = 1 if area developing (20-80%) , 

= 0 otherwise. 

S3 = 1 if area developed (greater than 80%) 

= 0 otherwise. 

metropolitan area 

Ml = 1 if area located in Bryan-College Station, 

= o otherwise. 

M2 = 1 if area located in Dallas-Fort Worth, 

= o otherwise. 
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M3 = 1 if area located in Houston, 

= a otherwise. 

(4) time period 

Pl = 1 if before 90nstruction period, 

= a otherwise. 

P2 = 1 if during cohstruction period, 

= a otherwise. 

P3 = 1 if after construction, 

= a otherwise. 

(5) capacity change of study route 

Cl = 1 .if there was a 2 1 ane capacity change, 

= a otherwise. 

C2 = 1 if there was a 4 lane capacity change, 

= a otherwise. 

C3 = 1 if there was no capacity change, 

= a otherwise. 

(6) median treatment of study route 

Rl = if changed to raised median, 

= a otherwise. 

R2": 1 if changed to continuous left turns, 

= o otherwise. 

R3 = 1 if no median treatment, 

= a otherwise. 

Two separate models are used to estimate the relationship between 

the dependent variables and the exogenous variables. Model I is given as: 
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where: 

DV. = a.. + a. .. CV .. + S·kSV·k + 1/J. ·kCV .. ·SV1·k 1 10 1J 1J 1 1 . 1,J 1J 

i = index for type of land use i = 1 ... , 6 

j = index for the continuous exogenous 

variables j = 1,2 

k = index for the binary variables k = 1, ... , l7. 

Ordinary least squares (OLS) is used to estimate the coefficients 

of Model I, which will be unbiased and consistent estimates of the co-

efficients. However, since there would be a high likelihood of the 

presence of some correlation between the disturbances in different 

equations, Aiken's generalized least squares (GLS) is also used to 

estimate Model I, giving more efficient estimates of the coefficients. 

The second model presents a slightly more complicated relationship 

between the dependent variables and the exogenous variables. The changes 

in a particular land use are assumed to be affected by changes in other 

land uses. The functional form for Model II is given as: 

DV 1· = a.. + a. .. CV .. + S·kSV·k + ljJ. ·kCV .. ·SV.k+ o",DV 10 1J 1J 1 1 1,J 1J 1 1m m 
ifm 

where: m = type of land use in each of the other five equations. 

Model II is the same as Model I except the other land uses have 

been added as explanatory variables. Model II is a simultaneous equation 

model, so to obtain consistent estimates of the coefficients, two-stage 

least squares (2SLS) is used. In addition, this model would be expected 

to have a significant correlation between the disturbances across 

equations, so Model· II is also estimated using three-stage least squares 

(3SLS) to improVe the efficiency of the estimated coefficients. 
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Results of the Analysis 

Tables 4 and 5 present the results of estimating the equations in 

Model I. The results of Model II are presented in Tables 6 and 7. The 

coefficients for the final equations were determined by selectively 

eliminating those variables which were not statistically significant. 

It is not surprising that a relatively large number of variables have 

been eliminated. The sample is not large enough to estimate all the in

fluences which may be present in the population. Also, there is evidence 

of some multicollinearity, i.e., some independent variables may be so highly 

correlated that one or more variables may dominate another, or a combi

nation of variables may exert a significant influence while the contri

bution of each variable separately is weak. 

In addition, one binary variable from each set of binary variables 

must be taken out in estimating the regression coefficients. The 

reason is that one binary variable in a given set is a linear combination 

of the others. Inclusion of these variables would make estimation of the 

coefficients indeterminate. This does not provide any limitation to 

interpreting the results. Each estimated coefficient for the binary 

variables measures the difference in the mean change in acreage for that 

particular land use between the presence of that characteristic and its 

absence. 

For example, in the first equation, DRS, the binary variable Bl 

measures the difference in the mean change in single residential acreage 

between nonabutting land and abutting land. When a continuous explana

tory variable is present, the estimated coefficients for the binary 

variables measure the mean difference for a given level of the continuous 

explanatory variable. For example, in the second equation, DRM, the 
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Table 4 Hodel I Estimated Coefficients Usinq Ordinary least Squares 

Depende~j 
Variab1e~ Constant 

Independent Variables 

DRS 

DR,'" 

DC 

DP 

DSR 

DU 

DADT B1 51 53 M2 M3 

-0.1473 0.5294* -0.4328* 
(-0.76)a (3.02) (-2.44) 

1-0
.
1197 0.0263* 0.5772* 1.0304* 

(-0.90) (3.21 ) (2.05) (4.22) 

1.4721* -1.1608* -0.7818* 0.5588* 
(6.13) (-4.19) (-2.29) (2.00) 

-0.0728 0.0090* 0.6317* 
, (-1. D) I (1. 68) (4.11) 

O.077a*- -0.1459** 0.4030* 
(1. 32) (-1;42) (3.62) 

-1. 1282* -0.0279* 1.1241* -1.6523* -1.0288* 
(-4.50) (-2.83) (2.65) (-3.33) (-2.67) 

at statistic is listed below each coefficient in parentheses 
.. significant at 5 percent level 

** significant at 10 percent level 

P1 P2 

-0.4030* 

(-1.92) 

0.2140* 
(2.49) 

, 

; ! R2 F 
Stat 

C3 DADT·H3 DADT· S3 DADT·B2 DADT· P2 I 
0.3496** I .1575 4.72* 
(1.61) 

-0.0251* 0.0211* 
15.09* .4480 

(-1. 97) (2.32) 

.2069 8.87* 

-0.0195* 0.0105* 
.2344 7.19* 

(-3.14) (1. 72) 

.1930 8.13* 

I 
.3262 ~1.38* 

, --
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Dependent 

Variables 

DRS 

DRM 

DC 

DP 

DSR 

DU 

Table 5 Model I Estimated Coefficients Using Aiken's Generalized Least Squares 

Independent Variables 
Constant 

DADT B1 Sl S3 ~12 M3 

'.' -0.1304 0.4189* -0.3232* 
{-0.87)a (2.92) (-2.25) 

-0.1224 0.0302* 0.6066* 0.9497* 

(-D. 94) (4.53) (2.19) (4.29) 

1.2676* -0.6833* -0.6493* 0.4739* 
(5.89) (-3.29) (-2.14) (2.05) 

-0.0694 0.0143* 0.5852* 
(-1.15) (3.50) (3.90) 

0.0973H 0.4490* 
( 1.38) (4.97) 

-0.9989 -0.0372* 0.6192* -1. 5775* -0.8159* 
(-4.63) (-5.46) (1. 93) (-4.39) (-2.93) 

R2 = 0.2324 

at statistic is listed below each coefficient in parentheses 
* significant at 5 percent level 
** significant at 10 percent level 

Pl 

" 

0.1826* 
(2.61 ) 

P2 

-0.1532* 
(-1.36) 

R3 DADT· M3 DADT·S3 DADT'P2 

0.1219 

(0.95) 

-0.0188* 0.0112* 

(-2.21) (1.85 ) 

-0.0146* 
(-2.87) 

-0.1001 
(-1.24) 
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Table 6 Model II Estimated Coefficients Using Two-Stage Least Squares 

Independent Variables 
Dependent 

Constant Exogenous Variables Variables 

DADT B1 51 S3 M3 PI DADT·M3 

DRS I D.1420"* 
I (1.34}a 

DRM -0.3879* 
(-2.04) 

DC 1. 5543 
(6.32) 

DP -0.0734 
(-1. 19) 

DSR 0.0327 
(0.74) 

DU -0.0064 
(-0.03) 

0.0274* 0.7210* 
(3.30) (2.67) 

-0.8451* -0.7314* 
(-2.34) (-2.27) 

0.0145* 0.6000* 
(3.32) (3.89) 

0.4612* 0.1339* 
(5.02) (1.87) 

-0.8576* 
(-3.12) 

at statistic is listed below each coefficient in parentheses 
significant at 5 percent level * 

** significant at 10 percent level 

-0.0382* 
(-2.98) 

DADT'S3 

-0.0147* 
(-2.62) 

Endogenous Variables R2 F 
STAT 

DRS DRM DC DSR DU I 
-0.2984* -0.4592* -0.2595~ .2231 I 9.10+ 

(-2.49) ( -5.18) (-2.94) I 
0.6773* -1. 2109* -0.4488' .4507 12.58* 
(1.88) (-1.73) (-3.15) 

-0.6572 .2157 8.71" 
( -1.06) 

.2104 I 8.44* 

I 
.2280 14.17* 

-1.4410* -1.0365* -1.0609* .6787 49.65* 
(:'3.03) (-9.84) (-5.84) I 



Dependent 

Variables 

DRS 

DRM 

DC 

OP 

oSR 

OU 

Table 7 Model II Estimated Coefficients Using Three-Stage Least~quares 

Constant 

0.1274 
(1. 26)a 

-0.3586* 
(-2.09) 

1.,4944* 

(6.33) 

-0.0144 
(-0.25) 

0.0325 
(0.78) 

0.0637 
(0.40) 

Independent Variables 

Exogenous Variables 

DADT Bl Sl S3 M3 Pl 

0.0208* 0.4895* 
(3.17) (2.67) 

-0.7612* -0.6819 
(-2.28) (-2.26) 

0.0077* 0.4996* 

(2.14 ) (3.44) 

0.4752* 0.1278* 
(5.30) (2.31) 

-0.6533* 
(-3.42) 

R2 = 0.3413 

at statistic is listed below each coefficient in parentheses 
* significant at 5 percent level 

** significant at 10 percent level 

\\ 

DADT.M3 

-0.0236" 

(-2.61)" 

DADT·S3 

-0.0072** 

(-1. 56) 

Endogenous Variables 

DRS DRM DC DSR DU 

-0.2907* -0.4936* -0.2855* 
(-3.09) (-6.15) (-4.13) 

1.1042* -1.8196* -0.5453* 
(3.56) (~3.6l) (-4.81) 

, 

-0.8999** 
(-1.54) 

-1.6610* -1.0587* -1.1580* 

(-5.65) (-11.80) (-8.93) 



binary variable S3 measures the difference in the mean change in multiple 

residential acreage between developed areas and those which are not, for 

a given percent change in ADT. 

In spite of the above limitations, some interesting results were 

obtained. The F-statistics in each of the OLS equations and 2SLS equa

tions are significant with the R2 ranging from .1575 to .4480 using OLS 

and from .2104 to .6787 using 2SLS. 

The inclusion of the other dependent variables as explanatory 

variables generally increases the amount of variation which is explained 

by the regressJon equation. The overall estimation using the system 

estimations improved. The R2 value for the GLS equations is ~2324 com

pared to .3413 for the 3SLS. The R2 for each of the equations using 

2SLS is higher than OLS except for the DP equation. However, some of the 

exogenous variables which are significant in Model I are not significant 

in Model II. The interaction between the dependent variables removes 

some of the additional explanatory power which these variables provide. 

Their effects are incorporated through the effects from the significant 

endogenous variables in each equation. 

Change in Single Residential Acreage (DRS) 

In Model I, the mean percent change in the proportion of single resi

dential acreage is significantly higher (about 42%) in nonabutting areas than 

in abutting areas; significantly lower (about 32%) in the Dallas-Fort Worth 

area compared to the other two areas; and significantly lower (about 15%) in 

the second period, the during construction period, than the other two periods. 

In addition some weaker influences were estimated for capacity changes and 

median treatment. Improvements which involved no capacity change or a 

median treatment seem to have a positive influence on DRS. 
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The estimated coefficients for DRS in Model II contain three en

dogenous variables, but all the exogenous variables become statistically 

insignificant. Changes in multiple residential development and commer

cial development have a negative impact on changes in single residential 

development and total overall development has a positive impact. This 

would indicate the exogenous variables in this equation provide relatively 

little additional explanatory power not incorporated into the endogenous 

variables. 

As expected, the change in single residential land use in this sample 

is affected by improvements along the study route and the competition 

from alternative land uses, as well as overall development. However 

changes in population are not significant in this sample. This may be 

due to the population data used in the analysis. Changes in population 

are on a citywide basis rather than for the area in each case study. 

Therefore the distributional effects from highway improvements would 

not be captured. 

Change in Multiple Residential Acreage (DRM) 

In Model I, changes in ADT have a significant positive impact on the 

proportion of multiple residential acreage. In addition the third stage 

of area development has a positive impact, about 60% higher for a given 

level of ADT growth, compared to the undeveloped or developing areas. 

There is also a strong positive influence in the Houston area. DRM is 

about 95% higher in Houston than the other two metropolitan areas if the 

ADT growth rate is zero, but as the ADT growth rate increases, for every 

1% change in ADT, the impact in Houston is much smaller on the proportion 

of multiple residential development (about .01%) compared to about .03% 
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in the other areas. The effect of the second period, P2, goes in 

just the opposite direction, with the effects about .01% higher during 

the second period compared to the other two periods. 

The estimated coefficients in Model II include three of the exo

genous variables from Model I, and three endogenous variables, single 

residential development, streets and roads development, and overall 

development. Changes in ADT still have a positive effect, along with the 

Houston metropolitan area. In addition changes in single residential 

development, along with changes in overall development have a p6sitive 

impact on changes in multiple residential development. 

Conversely, increases in the proportion of streets and roads have a 

negative impact. This may be due to the relatively small change in street 

and road acreage compared to multiple residential acreage in this sample. 

In addition, two areas in College Station and one in Dallas have extreme 

values favoring a negative relationship. Study Area 3 in College Station 

has DRM = 7.234 and DSR = 0.190, Study Area 4, also in College Station, 

has DRM = 0.000 and DSR = 2.628. Study Area 14 in Dallas has DRM = 0.375 

and DSR = 2.906. Since most of the other data points are near 

zero, a negative relationship between DRM and DSR is statistically signi

ficant in this sample. There may also be a distributional effect, i.e., 

the effects of one study route may go outside the study area and possibly 

into another study area. 

The rate of change in the proportion of multiple residential develop

ment is positively affected by increases in ADT, the third stage of area 

development, the Houston metropolitan area, single residential development 

37 



and overall development. Streets and roads development has a negative 

impact in this sample. Again, DPOPis not significant, along with the 

abutting or nonabutting land use, capacity change, or median treatment. 

Change in Commercial Acreage (DC) 

In Model I,the percent change in the proportion of commercial devel

opment is about 68% higher in abutting areas compared to nonabutting 

areas, about 65% lower in the undeveloped areas (Sl) than the other ones. 

In addition DC is 47% higher in the Dallas-Fort Worth area compared to 

the other two metropolitan areas. 

Sl and Bl remain significant in Model II along with single resi

dential development.. Increases in the proportion of single residential 

development have a significantly negative impact on changes in commercial 

development. 

Overall, abutting land use and Dallas-Fort Worth have a positive 

impact on changes in commercial development. Undeveloped areas and single 

residential development have a negative impact. Changes in population 

are not significant, as well as the period, capacity changes, and median 

treatment. 

Change in Public Acreage (DP) 

The significant coefficients are the same in both Model I and Model 

II, though the estimates are slightly different. The mean percent change 

in the proportion of public acreage is significantly higher in developed 

areas (about 50%) than the other areas, when the ADT growth rate is zero. 

For every 1% increase in ADT growth, there is about a .01% increase in 

the proportion of public acreage in undeveloped or developing areas. 
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However there is no statistically. significant increase in developed areas 

as ADT increases. This may be the result of the development process. As an 

area is growing andADT increasing, the proportion of public acreage, such 

as schools, churches, etc., may be affected. As the area becomes more 

developed, the proportion of public acreage is higher, but not as sensi

tive to increased ADT growth. 

Changes in population are not statistically significant in this 

sample, as well as abutting or nonabutting land use, metropolitan area, 

the period, size of capacity change, or median treatment. 

Change in Streets and Roads Acreage (DSR) 

In Model I the mean percent change in the proportion of streets and 

roads is significantly higher (about 45%) in the aeveloped areas and 

significantly higher in the "before" period (about 18%) than the other 

two periods. In addition, weaker influences were estimated, with a 

slightly lower DSR in the undeveloped areas or in the absence of any 

median treatment. 

No endogenous variables are significant in Model II. Two exogenous 

variables remain significant, the proportion of street and road develop

ment is significantly higher in the developed areas and in the "before" 

period of study route improvements. These results may be due to the 

relatively small variation in the DSR data, which was described earlier 

in connection with the DRM equations. The small sample size, combined 

with the relatively small variation in the sample data prevents potentially 

significant explanatory variables from being estimated. 

Again, changes in population are not significant, along with changes 

in ADT, abutting or nonabutting land use, the metropolitan area, the period, 
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capacity changes and median treatments. 

Changes in Undeveloped Acreage (DU) 

DU measures the percent change in the proportion of undeveloped 

acreage, so the effects on overall development would be measured by the 

negative of the coefficients presented in Tables 4 through 7. 

In Model I, increases in ADT have a positive impact on overall 

development in the sample. In addition, for any given percent change 

in ADT, the mean percent change in overall development is significantly 

higher ~about 82%) in the Houston area, significantly higher (about 158%) 

in the developed areas, and significantly lower (about 62%) in the unde

veloped areas. 

Only the positive impact in the developed areas remains significant 

in Model II. Three endogenous variables are significant. Single resi

dential development, multiple residential development, and commercial 

development all have a positive influence on overall development. 

Not surprisingly, increased ADT, the Houston area, and the stage of 

area development have significant impacts on overall development. In 

addition, when the endogenous variables are added, several categories of 

development are statistically significant. This is partially a result of 

the specification of the variables, the proportional change in overall 

development in each area is a linear combination of the categories of 

development for that area. That would account for a portion of the highly 

significant endogenous variables in Tables 6 and 7 for DU. 

Changes in population are not significant in explaining overall 

development in this sample. Other variables which are not significant in

clude abutting or nonabutting land use, the period, capacity change, or 

median treatment. 
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Comparison of Regression Analysis 
to Categorical Analysis 

Comparison of the results in the categorical analysis with those 

obtained using regression analysis reveals some similarities, a few dif-

ferences, and some results which cannot be directly compared. It is not 

surprising each analysis suggests SOrle different significant" relationsh.ips 

between the dependent and independent variables. 

One factor would be the estimation techniques: themselves. The 

categorical analysis is purposely limited to one explanatory variable, 

due to lack of observations, which means any interactions the variables 

may have with another explanatory variable or set of variables must be 

ignored. That interaction, of course, is incorporated into and is the 

basis for multiple regression analysis used in this study. 

Another factor is the definition of the dependent variable. The 

regression analysis uses a continuous dependent variable, the percent 

change in the proportion of a particular land use. In order to use cate

gorical analysis the dependent variable is transformed into either a 

slower or faster growth category, making the variable dichotomous. This 

loss of information by placing the dependent variable into categories, 

may result in some differences in the statistical significance of some 

independent variables. 

The above mentioned differences make comparisons between the two 

results difficult, but some similar patterns do emerge. Both methods 

found faster single residential development with no median treatment, 

faster commercial development in abutting areas, and faster public 

development with faster ADT growth. 

Different results were obtained for multiple residential development. 

The categorical analysis found slower multiple residential development 
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with faster ADT growth, while the regression analysis found a positive 

relationship between DRM and DADT. The reason for the difference is 

the emphasis regression analysis places on relative magnitudes of the vari

ables whereas categorical analysis relies on the number of observations 

within a particular category, without regard to the undarl'jling magnitudes. 

As an example, Study Area 3 in College Station has two extreme 

. values for DADT and DRM, DADT = 77.966 when DRM = 4.024, and DADT= 120.364 

when DRM = 7.235. The simple correlation between DADT and DRM is this 

sample is .5795, indicating a significant positive relationship. Even 

if the two extreme data points in College Station are taken out, an 

estimated positive relationship is still present in the sample data, 

though the relationship is not as strong, the simple correlation drops 

to .1283. 

In addition, a positive relationship between DRM and DADT does seem 

reasonable from a traffic generation view. Multiple residential develop

ment would generate more traffic than other forms of development, such 

as single residential development. Even though there is some crowding 

out, particularly from commercial development, that effect may not be very 

strong, since multiple residential development can be observed to survive 

and sometimes prosper in highly developed areas. 

Other influences significant in one analysis are not significant 

in the other analysis. In addition, some conclusions in one analysis are 

not directly comparable to the other analysis. As an example, the cate

gorical analysis can be used to test if the growth of a particular vari

able has significantly speeded up or slowed down between two periods. 

Since the regression analysis must assume a particular functional form, 

the trend in growth rates must be assumed rather than tested. In this 

study a linear relationship was assumed, which may not accurately represent 
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the time relationship. 

Due to the differing statistical methods used in categorical analysis 

and regression analysis, along with necessary data transformations, many 

of the results are different and sometimes not comparable. However, 

this does not diminish their usefulness. Each analysis has certain benefits 

as well as limitations and the results from both the categorical analysis 

and the regression analysis can be valuable in assessing the effects on 

land use from a proposed highway improvement project. 

CONCLUSIONS OF AGGREGATIVE ANALYSIS 

Although hampered by certain statistical problems, most notably a 

small sample size, the categorical analysis and the regression analysis 

were able to shed some light on the relationships between land use changes 

and certain predictive factors. In addition, they provided some infor

mation on the effects of two different types of median treatment on land 

use. 

The categorical analysis indicates that several factors are related 

to land use changes before, during, and after urban roadway improvements. 

These factors, while associated with land use changes, do not appear to 

fully explain changing rates of land development before, during, and after 

improvements. Without control areas, it cannot be ascertained whether or 

not roadway improvements in and of themselves affect land use patterns. 

Without examining interactions among the independent variables, it is 

difficult to readily explain some of the analytical results. Differences 

among metropolitan areas seem related to single-family residential, 

commercial, and overall development. But without information on how, e.g., 
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population trends vary within metro areas, specific causes of variation in 

these land use patterns by metro area are not readily identifiable. 

Thus, on the basis of the available information, the results of the 

categorical analysis appear consistent with the hypothesis that roadway 

improvements work in conjunction with other factors in accomodating land 

use changes. This is evidenced particularly by the relationships of 

multi-family residential and commercial development to location type and 

of single-family residential development to ADT growth. 

Some of the evidence was found to suggest that the installation of 

raised medians, given the addition of capacity, has a depressing effect 

on land development. Although based on a relatively small sample, this 

finding implies that the type of median treatment should be considered in 

roadway improvements. 

The regression analysis gives similar overall results. There are 

several factors which influence land use development, though the direct 

effects from roadway improvements seem to be relatively weak. There seems 

to be an interaction among a number of variables which influence land use 

changes as a result of roadway improvements. It is difficult to isolate 

the individual effects. The land use effects from median treatments are 

relatively weak in this sample. 

The results of the study are relevant to SDHPT policy decisions. 

When considering an urban roadway improvement, the Department should recog

nize that the improvement could possibly impact various types of land use 

in the surrounding areas. Of course, any effects of the improvement on 

land use would be limited to the extent that other predictive factors, such 

as metropolitan/regional growth and local zoning ordinances, affect land 
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development. 

In addition, the effects of the type of median treatment planned as 

part of the proposed improvement on land use should be considered. In 

general, the type of median \reatment deployed at a location is determined 

by local government preference, not by SDHPT. While analytical results 

regarding the effects of median treatments were comparatively weak, it 

is recommended that the type of median treatment be taken into account 

by the policy-determining agency. 
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CHAPTER III. URBAN DEVELOPMENT MODELS 

A popular approach to forecasting urban growth is the use of urban 

development models. These models, utilizing information on residential 

and employment locations, trip origins/destinations, transportation 

facilities, and population and employment projections, attempt to predict 

patterns of future growth in a metropolitan area. This chapter explores 

the suitability of using urban development models to explain the relation

ship between land development and urban roadway improvements. 

DESCRIPTION OF MODELS 

Initial attempts at developing urban development models began in the 

early 1960's. Since that time, many types of models have been formulated. 

Most of the models fall into one of the following categories [lOJ. 

(l) Lowry derivative models - a group of models [11] based on a 

set of relationships among residential, employment, and (in 

some cases) shopping locations. These models require exogenously 

determined forecasts of population growth and employment. 

(2) EMPIRIC models - a group of many applications of the same model 

[12,13J. The model consists of a simultaneous system of re

gression equations. It includes residential and employment 

locations. 

(3)Research models >- a small assortment oT Dotentially applicable 

but not generally operational models. Examples are the revised 

Herbert-Stevens model [14J, the Birch model [15J, and the 

National Bureau of Economic Research model [16J. 
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Models of the third type have not been sufficiently developed beyond 

the development or pilot application stage to be generally useable in 

analyses of land development in urban areas. Currently, the Federal High

way Administration (FHWA) maintains computerized versions of models of 

the first two varieties but not of the third. The Lowry derivative and 

EMPIRIC models are discussed further below. 

Lowry Derivative Models 

Of the Lowry derivative models, the most frequently applied has been 

the Projective Land Use Model (PLUM) in any of its several versions [17]. 

The Lowry-type models hypothesize that, given a spatial distribution of 

employment and a description of interzonal travel times in an urban area, 

it is possible to estimate the location of employees' residences. 

Input data requirements include detailed population and employment 

information by small areas or zones, land use data, and information on auto 

and transit networks for a given base year. Interzonal travel times 

(between home and work zones), employment and population forecasts, and 

policy constraints are required for each forecast year. 

The output of the model is a demographic and land use profile of each 

zone for the forecast year. The model forecasts, or allocates, residential 

locations for the area under consideration. 

The Lowry-type model is not one whose parameters are statistically 

estimated. It is, rather, an "input-output" type of model in which a set 

of parameters controls the allocation of places of employment, residence, 

and, in some cases, shopping. Residential allocations, or estimates of 

the number of people living in a particular area, are based on trips to 
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work, in particular the probability (P ij ) of an individual's living in 

area i and working in area j. 

A model can be tested for forecasting accuracy by making a forecast 

of employment and residence (and, if applicable, shopping) locations for 

a period for which these locations are known. If considered necessary 

by the model's user, the parameters can be adjusted, or calibrated, in 

order to alter the forecast. 

An improved version of the PLUM models is the Disaggregated 

Residential Allocation Model (DRAM) [lOJ, currently being put into 

operational form by FHWA. By reformulating the residential portion of 

PLUM, DRAM provides improved estimates of model parameters. 

The residential portion of the Lowry model allocates increments of 

residential locators (people) to their places of residence in response 

to increments in basic employment and to changes in transportation 

facilities. This response is determined primarily by a probability dis

tribution function describing trips from home to work. The probability 

Pij that a person lives in zone i and and works in zone j is a function 

of travel time for a work trip and of characteristics of residential and 

work zones (e.g., relative attractiveness and travel cost of zone i to 

zone j, compared with all other residential zones to zone j; number of 

employees in zone j). 

Most Lowry-type models have failed to estimate the complete Pij 
(work trip) function using actual data. 5 Some models have used observed 

5 An exception is the Voorhees Urban Systems Model [24J application in 
the Dallas-Ft.Worth region. This application, similar in approach to 
DRAM, obtained properly calibrated model parameters via appropriate 
specification of the Pi; function, explicitly taking into account orgin/ 
destination characteristics and work-trip travel costs. 

48 



work trip data to describe interzonal travel times, without taking into 

account the effects of the characteristics (relative neighborhood 

attractiveness, travel cost, number of employees) of residential and 

work zones. Others have empirically expressed the number of residential 

locators as a function of residential zone characteristics while failing 

to explicitly consider the distribution of work trips. Neither approach 

results in proper estimation of model parameters. 

Employing a reformulated Lowry-type model incorporating improvements 

borrowed from British modeling efforts [18], DRAM explicitly considers 

origin and destination characteristics and the work trip distribution with 

its related travel costs. This improved model produces more satisfactory 

parameter estimates and hence better forecasts of residential allocations. 

EMPIRIC Model 

The EMPIRIC Activity Allocation Model has been applied to several 

cities across the U.S. [17]. Like the Lowry-derivative models, its aims 

are to allocate regional projections of future population, employment, and 

land use among urban-area zones and to assess the relative impacts of 

alternative planning policies on the future distribution of reqional 

growth. 

Input data requirements include detailed population, employment, and 

land use information, similar to that required for other urban development 

models. Using data for two points in time (about ten years apart), fore

casts of future activity are generated for ten, twenty, thirty, etc., 

years into the future, subject to specific regional planning policies. 

Unlike the input-output structure of the Lowry-derivative models, the 

EMPIRIC model consists of a system of simultaneous regression equations. 
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The variables in the equations are expressed as changes in zone-level 

shares of regional population, employment, etc. Variable selection 

and parameter estimation are accomplished via a step-wise regression 

procedure. Also available are ordinary and two-stage least squares 

regression options. Future activity (employment, housing) forecasts 

are derived from estimated changes in activity shares for each zone, as 

reflected by the estimated parameters. 

The EMPIRIC model lacks a theoretical structure, relying on a step

wise selection procedure rather than an ~ priori theory to determine 

which variables to include in the equations. This lack of a substantive 

theoretical form has led to criticisms that the model is not properly 

specified and is non-behavioral [lOJ. 

AVAILABILITY AND COSTS OF MODELS 

Computerized versions of the PLUM and EMPIRIC models are available 

from the Urban Planning Division of the Federal Highway Administration. 

There is no charge to non-profit organizations for the computer tapes and 

program documentation. DRAM is currently being put into operational form 

by FHWA. The model should be available in late 1981 or early 1982 [19J. 

Each model requires substantial input data that must be updated 

annually. Program and data management for a given study region, including 

on-going data updating and population/employment forecasting, constitutes 

a year-round job for one or more planners and support staff. Data assembly 

alone requires at least six to twelve man-months of professional effort, 

with perhaps twice that level of technical support effort [17, 20J. 
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APPLICATION OF MODELS 

Urban development models are a structured approach to predicting 

future growth and hence land use in a metropolitan area. Utilizing infor

mation on characteristics of residential and work zones and on travel 

costs from home to work, the models predict or allocate land use within 

the framework of projected regional ~opulation growth, employment, and 

transportation facilities. 

The models serve two basic functions. One is to provide a general 

outline of future regional growth in terms of land use trends. Another 

is to assess relative overall impacts of alternative transportation 

policies on regional land use trends. 

The models are designed for conducting analyses on a regional level. 

Some of the models perform acceptably well in this context. 6 However, no 

urban development model can accurately predict land development for 

relatively small areas, those of less than perhaps 200 serial zones 

(roughly 40 square miles or more) in size [19, 21, 22, 23J. Designed to 

predict general benchmarks, they cannot model land use changes and re

lated factors for a specific, small area such as the eighteen locations 

examined in this study. Urban development models are meant for appli-

cation only on a regional level such as the Dallas-Fort Worth metropolitan 

area. 

6Examples include DRAM, discussed above, and the Urban Growth Simulatio~ 
[21J, a PLUM version currently in use by the North Central Texas Councl1 
of Governments (NCTCOG). As mentioned above, the NCTCOG sponsored the 
application of a Lowry-type model [24J having improvements similar to 
those of DRAM. 
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CONCLUSIONS 

Based on the foregoing review of urban development models, two con

clusions can be drawn. First, of the models which are either currently 

or soon to be both operational and available, DRAM appears to be superior, 

due to its improvements to the Lowry-type models and resultant improved 

estimation of model parameters. 7 An improved Lowry-type model such as 

DRAM should be used in any situation requiring an urban development model. 

The second conclusion is that the analysis of small urban areas, 

such as those considered in this study, cannot be successfully performed 

using an urban development model. Individual sections of an urban area 

are much too small to be modeled within the framework of an urban develop

ment model. Such locations should rather be analyzed using a technique 

such as that used in this study. 

The recommended approach to investigating and modeling relationships 

between land use and transportation facility improvements is to use 

statistical techniques such as that described in Chapter II of this report. 

Data should be compiled either from existing records or through primary 

observations, or a combination of both, as done in this study. Using these 

data, relationships between land development and predictive factors should 

be modeled, using an appropriate statistical method such as categorical 

analysis (used in this study) or, data permitting, standard multiple 

regression analysis. 

7 As described above, a successful model currently in use is the Urban 
Growth Simulation Model [21J. 
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CHAPTER IV. CONCLUSIONS AND RECOMMENDATIONS 

The aggregative analysis phase of this study investigated the influ

ence of urban roadway improvements on surrounding land development and 

considered the feasibility of using urban development models to analyze 

such land use changes. The results of this phase of the study are 

summarized below. 

CONCLUSIONS 

The recommended approach to estimating the influence of improvements 

on land use involves statistical analysis of improved urban locations. 

In this regard, an empirical study of eighteen locations in the Bryan/ 

College Station, Dallas/Ft. Worth, and Houston metropolitan areas was 

undertaken. 

For each study location, primary data were compiled on the following: 

(1) Acreage in each type of land use. 

(2) Certain factors thought to influence the rate of land development: 

(a) Location type 
(b) City population growth 
(c) Metropolitan area 
(d) Stage of development 
(e) Traffic volume growth 

These data were analyzed two ways: (1) with two-way frequency tables, 

using Chi-square tests to find signifieant relationships between a parti

cular type of land use and a predictive factor, and (2) with multiple 

regression, using t-statistics to test significant relationship between 

the variables. 

The statistical analysis was limited in the extent to which relation-

53 



ships between land development and predictive variables could be specified. 

The limitations were due to the following: 

(1) Sample size - not large enough to adequately investigate 

-interactive effects of the -independent variables and 

possibly detect some significant main effects of predictive 

variables on land use. Failure to examine interactions 

among independent variables in the categorical analysis can 

result in some significant effects going undetected. 

(2) Lack of control (comparison) areas - precluded definitive 

tests for influences on land development attributable solely 

to roadway improvements. AJthough it is difficult to obtain 

adequate comparison areas for any study such as this, the 

use of comparison areas would be helpful in isolating the 

impact of a roadway improvement on land use. 

(3) Cross-sectional correlation among study sites within a metro

politan area can reduce the reliability of the statistical 

test by possibly incorrectly indicating significance in some 

cases, -when that correlation is not correctly specified. 

In spite of these limitations, considerable insight was gained into 

the relationships between land development and several predictive factors. 

The analysis indicated that land development is affected differentially 

by various factors, as discussed in Chapter II. While the effect of road

way improvements on land use could not be isolated and quantified in the 

categorical analysis, the analysis suggested that roadway improvements 

accomodate land development. This is evidenced particularly by the 

responses of both multi-family residential and commercial development to 

54 



abutting/nonabutting locational differences and of residential development 

to ADT growth. A further indication that roadway improvements accomodate 

land development is the results of the H~ test, in particular the more 

rapid overall development of land in response to continuous left turn 

lane implementation and the apparent depressing effect of raised medians 

on overall land development. 

The regression analysis provided some estimates of the effects some 

of these factors have on land use development. Each estimation technique 

provided slightly different results with respect to the statistically 

significant variables and the magnitude of the estimated coefficients, but 

the results were generally quite consistent with the categorical analysis 

in view of the small sample size. The results provide some measure of 

the effects a proposed roadway improvement would have on various cate

gories of land use. 

Chapter III considered the feasibility of using urban development 

models to analyze land use changes and related factors in urban locations 

such as the eighteen areas considered in this study. It was found that a 

- modeling approach using an improved Lowry-type model can provide satis

factory regional-level forecasts of future growth and land use trends and 

assess relative impacts of alternative transportation policies on regional 

land use. 

The urban development models are not, however, suited for analyzing 

land use patterns on less than a regional basis. They are unable to 

accurately model land use changes and related predictive factors in rela

tively small sections of a given urban region. It is concluded, therefore, 

that no attempt should be made to adapt any urban development model to the 
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analysis of land use changes and roadway improvements in specific

locations within urban regions. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

In light of the limitations encountered in the aggregative analysis,. 

further analysis is indicated. The principal benefit to be derived from 

further model development and estimation would be to overcome the three 

limitations cited in the analysis ~resented in this report~ 

Increased sample size would allow a more detailed specification of the 

model. Interactive effects among the independent variables could be taken 

into account, resulting in a model that would better represent the associa

tions between land development and the independent variables. 

Control, or comparison, areas would allow the isolation of effects on 

land use due specifically to roadway improvements. The effects could then 

be quantified separately.instead of being obscured by the effects of other 

predictive variables. 

Locations selected from a broader spectrum of cities around the state 

would· enhance the ability of the model to detect and estimate significant 

relationships between land development and predictive factors. A broader 

sample of locations would be more representative of land use behavior with 

respect to roadway improvements and other influential factors. 

Additional research would rely primarily on secondary data available 

from most of the SMSA's in the state. Primary data collection would be 

minimized or, more likely, not undertaken. 

Locations would be selected for which data on all variables are 

available. Most SMSA's have compiled data annually since 1970, storing 
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most or all of it on computer tapes. This approach to data collection 

would minimize the time and costs of compiling a sufficient data base. 

Additional model development efforts would be directed toward a more 

rigorous formulation of relationships among the dependent and independent 

variables. Annual data, rather than periodic data, would aid in performing 

more powerful significance tests -and in better quantifying the individual 

effects of predictive factors on land development. Specification and 

quantification of interactions among the independent variables and possibly 

relationships among various types of land use would be facilitated by a 

larger data base. 

Further refinement of the analytical approach presented in this 

report is recommended. The analysis results obtained in this study specify 

certain influences on land use change but have not been able to conclusively 

isolate the influence of roadway improvements on land use. Additional 

model refinement is suggested for developing more detailed information on 

the impact of roadway improvements on urban land use, to further assist 

SDHPT in decision making regarding such improvements. 
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APPENDIX 

This appendix presents tabular data and test results of the aggregative 

analysis. Names of variables used either directly in the analysis or to con

struct additional variables employed in the analysis are as follows: 

DEPENDENT VARIABLES 

LUC NUM: Identification number of each study location, corresponding to 
the number of the individual report on that location (e.g., LOC 
NUM = 3 for the State Highway 30 area in College Station, 
reported in Research Report 225-3 of this project). 

LOC NAME: Name of the study location, e.g., College Station, Highway 30. 

PERIOD: Period, equal to 0,1,2,3. For simplicity of exposition, this.variable 
was call ed II til in Chapter II. The peri od from t = 0 to't = 1 , s the 
"before" period, from 1 to 2 is the "during II period, and from 2 to·3 
is the "after" period. 

YEAR: Years for which land use data were collected. The years correspond 
to PERIOS = 0,1,2,3, for each' location 

ACRES: Total number of abutting (A) or nonabutting (N) acres in the 
study 1 ocat ion. 

RS: Single-family residential acreage (A or N). 

RM: Multi-family residential acreage (A or N). 

C: Commercial (including industrial) acreage (A or N). 

P: Public-yovernmental and semi-public acreage (A or N). 

SR: . Streets and roads acreage (A or N). 

U: Undeveloped acreage (A or N). 

PRS: Proportion of total acres (A or N) in single-family residential use, 
equal to RS divided by ACRES. 

PRM: Proportion of total acres (A or'N) in multi-family residential use, 
equal to RMdivided by ACRES. 
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PC: Proportion of total acres (A or N) in commercial use, equal to 
C divided by ACRES. 

PP: Proportion of total acres (A or N) in public-governmental or 
semi-public use, equal to P divided by ACRES. 

PSR: Proportion of total acres (A or N) in streets and roads use, 
equal to SR divided by ACRES. 

PU: Proportion of total acres (A or N) in undeveloped use, equal 
to U divided by ACRES (l-PU gives the proportion of total acres 
in developed use). For a given LOC-NUM, LOC-TYPE, and PERIOD, 
the six values PRS, PRM, ... , PU sum to 1.00. 

DRS: Average annual ~hange in single-family residential acreage, i.e., 
rate of change 1n RS acreage or, alternatively, rate of RS 
developement. 

DRM: Average annual change in multi-family residential acreage. 

DC: Average annual change in cornrnerci al (including industrial) 
acreage. 

DP: Averaye annual change in public-yovernmental and semi-public 
acreaye. 

DU: Average annual change in undeveloped acreage. Reversing the 
siqn of each value of DlJwill oive the averaoe annual rate of 
neE overall land development. ··Net developed-acres are the number 
of acres of undeveloped. land converted to a developed use. Net 
overall land development does not account for changes from one 
developed use to another. .. 

The average annual change in each type of land use is non-compounded and 

is defined (for either A or N) as follows, from period t-l to t: 

Lijt Lij,t-l 
DL ° °t = [( lJ YEARjt - YEARj,t_l )/ACRES j ] x 100% 

where: L ° = acreage devoted to land use of type i 
1 

i = single-family residential, multi-family residential, ... , 

undeveloped 

j = study location, j = 1,2, ... ,18 

t = 1 ,2,3 
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Using abutting single-family residential acreage at Location 5 (Bryan, East 

29th Street), for the "before" period, provides the following example ··(.see Table A2): 

DRS
51 

= [( 16.39 - 16.07 )/37.9J x 100% 
1965 - 1958 

= .1206% per year 

This value is the average annual rate at which abutting single-family 

residential acreage in the East 29th Street area of Bryan developed during the 

period prior to improvement of the treated roadway in that location. 

Note that the rate of change is expressed not as "acres per year" but 

rather as a proportion of total (abutting) acres at Location 5. Defining the 

rate of change in this manner permits the comparison of rates of change among 

areas_of different size. For example, for a given type of land use, a change of 

25 acres per year (over, say, a five-year period) in a tract of 500 acres 

represents slower development than a change of 10 acres per year in a 'lOO-acre 

tract over the same five-year period. Not taking into account the relative 

sizes of the 500- and 100-acre tracts could lead one to erroneously conclude 

that the 500-acre tract had developed more rapidly. 

PREDICTIVE VARIABLES 
, 

LOC-TYPE: Location type. Each study location is divided into abutting and 
nonabutting sections, according to proximity to the improved 
roadway in that location. 

POP: City population in t = 0,1,2,3. 

DPOP: Average annual (non-compounded) percent change in city popul a- . 
. tion, in the before, during, and after periods. City population 

change (average percent per year) for the jth location is defined 
as: 

DPOPjt 
[( POPjt - POPj,t_l 

= TPOPjt - TPOPj,t_l )/POPj,t_l] x 100% 

where TPOP = 1,2,3 

TPOP = approximation of YEAR, since population values were 
sometimes unavailable for the same'years as YEAR. 
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METRO: Metropolitan area - Bryan/College Station, Dallas/Fort Worth, 
Houston 

STAGE: Stage of development, equal to 1 (largely undeveloped), 2 
(developing), or 3 (fully developed). The stages are defined as 
of t = 1. The ranges are defined by ± 1 standard deviation 
from the mean of the ratios of developed acres to total acres in 
the study locations. This corresponds to approximately less than 
20% developed for Stage 1, between 20% and 80% developed for 
Stage 2, and above 80% developed for Stage 3. 

ADT: Average daily traffi c count on the improved roadway in each study 
location, at t = 0,1,2,3. 

DADT: Average annual (non-compounded) change in ADT, in the before, 
during, and after periods. Traffic volume change (average per
cent per year) for the jth location is defined as: 

DADTjt 
= [( ADTjt - ADTj ,t_1 

TADT jt - TADT. 
J, t-1 

where TADT = 1,2,3 

)/ADTj,t_l] x 100% 

TADT = approximation of YEAR, since ADT values were some
times unavailable for the same years as YEAR. 

Tl:. Addition of through lanes (capacity) as part of the roadway 
improvement at a location. Equal to 1 if capacity was added, 
and or equal to 0 if no through lanes were added. 

ClT~ AdditiOn of continuous left turn lanes as part of the roadway 
improvement at a location. Equal to 1 if turn lanes were added, 
and equal to 0 if no lanes were added. 

RMED: Addition of raised medians as part of the roadway improvement 
at a location. Equal to 1 if raised medians were added, and 
equal to 0 if they were not. 

0: A variable that indicates the type of median treatment as part 
of the roadway improvement at a location, given that through 
lanes were added. Equal to "NONE II if Tl = 1, ClT = 0, and 
RMED = O. Equal to "l_T_LANP if Tl = 1, ClT = 1, and RMED = O. 
Equal to "R MEDIAN" if Tl =1, ClT ="0, and RMED = 1. Equal to 
II.'.' (missing) if TL = O. 
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Each rate-of-change variable is classified according to whether its value 

increased ("faster" rate of change) or declined ("slower" rate of change) from 

one period to the next (equal rates of change across periods result in a 

"slower" claSSification). Variables for the first five types of land use (RS, 

HM, C, P, SH) are classifed as follows, for each location and for either A 

or N: 

R_URSt_s,t = faster if URS t > DHSt _s 
= slower if DRSt < DHS t _s 

where t = 2,3 
s = 1,2 when t=3, or 1 when t=2 

For example, for a during-after period comparison of single-family residential 

develo~ment (location 3, nonabutting): 

URS2 
URS 3 

R_UHS23 

= 
= 
= 

.1807 

.8~7U 

faster 

For undeveloped land use, the inequality is reversed. Thus R_DUt_s,t 

indicates relative net overall "land development rather than a relative change in 

undeveloped acreage: 

Variables for city 

to those for the first 

R_DPOPt;..s,t 

R-UAUTt_s,t 

= 
= 

faster if OUt <O~t_5 
slower if OUt >OU t _s 

population growth and AUT growth are defined similarly 

five types of land use: 

= faster if DPUPt 
>DPUP t _s 

= slower if DPUPt 
<DPUPt _s 

= faster if DADT t >UAUTt _s 
= slower if UAUT t <UPUP t _s 
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The sets of dependent and independent variables chosen for t~e analysis are 

as follows (D was used exclusively in H~): 

Dependent Variables 

R-Df<St_s,t 
R-Uf<Mt_s,t 
R-UCt_s,t 
f<-DPt_s,t 
I<-SRt_s,t 
R-DUt_s,t 

Independent Variables 

LUC-TYPE 

R-UPUPt_s,t 
METf<U 
STAGE 

R-DADTt_s,t 
D 

Given the categorical nature of the data, statistical tests using the chi-

square statistic were used in the analysis [2J. Specifically, the FREQ 

("frequency") procedure of the SAS software package [10J was used to generate 

crosst~bulation tables. These tables show cell frequencies and chi~square 

v~lues formatn effects models involving one dependent variable and one inde

pendent variable in each model. 

Each table shows, for each cross-classification cell, the observed and 

expected frequencies, on the basis of which a cell chi-square value is calcu-

lated. The sum of the cell chi-square equals the overall chi-square for the 

model. The level of significance chosen for overall chi-square values is .90. 

The direction of the association between a dependent variable and an indep-

endent variable at the levels coincident in a particular cell is indicated by 

the relative values of the observed and expected frequencies in the cell. An 

observed frequency greater than the expected suggests a positive relationship, 

while an observed frequency less than the expected suygests a negative 

association. 
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NOTES ON TABLES 

In Tables A2-A8, observations are missing for some periods. This 

is because either: (1) data were unavailable, or (2) no value was cal

culated (e.g., DRS is, by definition, not calculated for PERIOD = 0).' 

Missing observations are indicated by II II 

In Tables A9, A10, A13, and A14, Location 13 has been omitted. Data 

were unavailable for PERIOD = 3 (the lIafter" period) at that location, 

since the "during" period ended in 1978, the last year for which any data 

were available. Hence, no "afterll period was defined for Location 13, 

with the result that no IIbefore-after" or IIduring':'afterli comparisons of 

rates of land development could be made for that location. 

For the same reason, Location 13 is also omitted from Tables A15 and 

A17. These tables show a total of 34 observations (seventeen locations, 

each with abutting and nonabutting sections). 

Table A18 indicates missing values of 0, a variable which indicates 

the type of median treatment at a location, given the addition of capa

city as part of the roadway improvement at that location. At Location 

15, no additional through lanes were added, so this location was not used 

in the H~ test which involved locations that received additional capacity 

as part of the improvement. 

Table A19 shows that 32 observations (16 locations, each with abutting 

and nonabutting sections) were used in that test, Location 13 was omitted 

because no "after" period was defined at that location, as explained above. 

Location 15 was omitted because no capacity was added at that location, 

and hence this location was not compatible with the remaining sixteen 
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locations, all of which received additional capacity. 

Location 15 also was omitted from the test shown in Table A20, which 

used 34 observations (seventeen locations). Location 13 was included 

here because the test compared the IIbefore ll and IIduringll periods and thus 

did not involve the lIafterll period (undefined at Location 13). 

67 



TABLE AI. STUDY LOCATION NAMES AND IDENTIFICATION NUMBERS 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
t4 
15 
16 
17 
18 

LOC_NAME 

COLLEGE STATION, HWY. 30 
COLLEGE STATION. TEXAS AVE. S. 
BRYAN. EAST 29 ST. 
BRYAN, N. TEXAS AVE. 
HOUSTON. ~. 43 AVE. 
HOUSTON. GESSNER RD. 
HOUSTON. ANTOINE DR. 
ARLINGTON. FM 157, SECTION CNE 
HOUSTON. WESTHEIMER RD •• SECTION ONE 
ARLINGTON, COLLINS ST. 
HOUSTON. WEST~EIM=R RD •• SECTION TWO 
ARLINGTON. FM 157. SECTION TWO 
HOUSTON, WESTiEIMER RD •• SECTION THREE 
DALLAS. S.H. 352 
OALL~S. S.H. 356 
FT. WORTH. W. BERRY ST. 
FT. WORTH, VICKERY BLVD. 
HURST, PIPELINE RD. 
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3 
4 
5 
6 
7 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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TABLE A2. SI NGLE-FAMI LY RESIDENTIAL ACREAGE 

---------------... _----- LOC -TYPE=A METRO=BCS 
--~-----------------

OBS LOC -NUM PERIOD YEAR ACRES RS DRS PRS 

1 3 a 1958 152.32 0.00 • 0.000000 
2 3 1 1970 152.32 0.00 0.00000 0.000000 
3 3 2 1'l74 152.32 0.00 0.00000 0.000000 
4 3 3 1977 152.32 0.00 0.00000 0.000000 
5 4 a 1968 106.92 6.50 • 0.060793 
6 4 1 1970 106.92 6.50 0.00000 0.060793 
7 4 2 1975 106.92 5.70 -0.14964 0.053311 
8 4 3 1977 105.92 5.70 0.00000 0.053311 
9 5 a 1958 37.90 16. 07. • 0.424011 

10 5 1 1965 37.90 16.39 0.12062 0.432454 
1 1 5 2 1970 .37.90 16.57 0.09499 0.437203 
12 5 3 1977 37.90 15.91 -0.24877 0.41978'1 
13 6 a 1958 249.57 41.42 • 0.165965 
14 6 1 1964 249.57 47.35 0.39601 0.189726 
15 6 2 1970 249.57 55.25 0.52757 0.221381 
16 6 3 1977 249.57 59.79 0.25988 0.239572 

-------------------- LOC -TYPE=A METRO=DFW --------------------
aBS Lac NUM PERIOD - YEAR ACRES RS DRS PRS 

17 11 0 1964 155.88 0.39 • 0.002486 
18 1 1 1 1969 155.88 0.39 0.0000 0.002486 
19 1 1 2 1976 156.88 0.39 0.0000 0.002486 
20 It 3 1978 155.88 0.00 -0.1243 0.000000 
21 13 a 1969 59.99 8.62 • 0.143691 
22 13 1 1974 59.99 8.62 o. 00 00 0.143691 
23 13 2 1978 59.99 8.62 0.0000 0.143691 
24 13 3 • 59.99 • • • 25 15 0 1963 126.47 25.14 • 0.198782 
26 15 1 1968 126.47 15.79 -1.4786 0.124852 
27 15 2 1970 126.47 1.91 -5.4875 0.015102 
28' 15 3 1978 126.47 0.46 -0.1433 0.003637 
29 17 0 1959 94.15 27.8.3 • 0.295592 
30 17 1 1964 94.15 27.66 -0.0361 0.293787 
31 17 2 1971 94.15 28.70 0.1578 0.304833 
32 17 3 1978 94.15 28.02 -0.1032 0.297610 
.33 18 0 1958 361.14 0.18 • 0.000498 
34 18 1 1961 361.14 0.24 0.0055 0.000665 
35 18 2 1967 361.14 0.24 0.0000 0.000665 
36 18 3 1978 361.14 0.00 -0.0060 0.000000 
37 19 0 1964- 47.14 0.00 • 0.000000 
.38 19 1 1968 47.14 0.00 0.0000 0.000000 
39 19 2 1973 47.14 0.00 0.0000 O. 000000 
40 19 3 1978 47.14- 0.00 0.0000 0.000000 
41 20 a 1964 59.14 13.56 • 0.229286 
42 20 1 1958 59.14 11.91 -0.6975 0.201387 
43 20 2 1975 59.14 6.31 -1.3527 0.106696 
44 20 3 1978 59.14 5.52 -0.4453 0.093338 
45 21 0 1963 89.46 4.23 • 0.047284-
46 21 1 1966 89.46 0.99 -1.2072 0.011066 47 21 2 1970 89.46 0.78 -0.0587 0.008719 
48 21 3 1978 89.46 0.63 -0.0210 0.007042 
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TABLE A2. SI NGLE-FAM (LV RESIDENTIAL ACREAGE 

-------------------- LOC_TVPE=A METRO=HOU 
-----~---------~---. 

aBS LOC _NUM PERIOD YEAR ACRES RS DRS PRS 
49 7 0 1960 66.16 47.71 • 0.721131 
50 7 1 1965 66.16 47.71 0.0000 0.721131 
51 7 2 1975 66.16 48.71 0.1511 0.736245 
52 7 3 1978 66.16 48.71· 0.0000 0.736245 
53 9 0 1962 109.17 2.26 • 0.020702 
54 9 1 1968 109.17 2.71 0.0687 0.024824 
55 9 2 1972 109.17 2.26 -0.1031 0.020702 
56 9 3 1978 109.17 0.78 -0.2259 0.007145 
57 10 0 1964 47.35 26.37 • 0.556917 
58 10 1 1968 47.35 26.72 0.1848 0.564308 
59 10 2 1972 47.35 26.20 -0.2746 0.553326 
60 10 3 1978 47.35 25.97 -0.C810 0.548469 
61 12 0 1962 174.98 10.38 • 0.059321 
62 12 1 1964 174.98 9.97 -0.1172 0.056978 
63 12 2 1970 174.98 4.81 -0.4915 0.027489 
64 12 3 1978 174.98 0.00 -0.3436 0.000000 
65 14 0 1962 190.29 4.86 • 0.025540 
66 14 1 1964 190.29 4.69 -0.0447 0.024647 
67 14 2 1970 190.29 0.39 -0.3766 0.002050 
68 14 3 1978 190.29 0.00 -0.0256 0.000000 
69 16 0 1964 305.85 35.24 • 0.115220 
70 16 1 1970 305.85 29.08 -0.3357 0.095079 
71 16 2 1973 305.85 38.77 I.C561 0.126761 
72 16 3 1978 305.85 21.61 -1.1221 0.070656 

-------------------- LOC_TYPE=N METRO=BCS --------------------
OBS LDC _NUM PERIOD YEAR ACRES RS DRS PRS 

73 3 0 1968 429.00 10.87 • 0.025338 
74 3 1 1970 429.00 10.87 0.00000 0.025338 
75 3 2 1974 429.00 13.97 0.18065 0.032564 
76 3 3 1977 429.00 25.00 0.85703 0.058275 
77 4 0 1968 424.26 21.95 • 0.051737 
78 4 1 1970 424.26 3f.33 1.6<1472 0.085631 
79 4 2 1975 424.26 36.33 0.00000 0.085631 
80 4 3 1977 424.26 46.51 1.19974 0.109626 
81 5 0 1958 218.41 92.94 • 0.425530 
82 5 1 1965 218.41 95.74 0.18314 0.438350 
83 5 2 1970 218.41 <;8.10 0.21611 0.449155 
84 5 3 1977 218.41 97.62 -0. 03140· 0.446958 
85 6 0 1958 463.94 42.96 • 0.092598 
86 6 1 1964 463.94 58.07 0.54281 0.125167 
87 6 2 1970 463.94 61.78 0.13328 0.133164 
88 6 3 1977 463.94 72.83 0.34025 0.156982 

--~-~--------------- LOC_TYPE=N METRO=DFW 
------~---~---------

OBS LOC -NUM PERIOD YEAR ACRES RS DRS PRS 

89 11 0 1964 595.82 1.43 • 0.002400 
90 11 1 1969 595.82 0.68 -0.02518 0.001141 
91 11 2 1976 595.82 0.68 0.000DO-~~.OOI141 92 .' 11 3 1978 595.82 0.39 -0.02434 0.000655 
93 13 0 1969 313.03 202.97 • 0.648404 
94 13 1 1974 313.03 202.97 0.00000 0.648404 
95 13 2 1978 313.03 202.97 0.00000 0.648404 
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TABLE A2. 51 NGLE-F AMILY RESIDENTIAL ACREAGE 

-------------------- LOC _TYPE=N METRO=DFW 
-~------------------OBS LOC - NUM PERIOD YEAR ACRES RS DRS PRS 

96 13 3 • 313.03 • • • 97 15 0 1963 681.61 140 .. 9 8 • 0.206834 
98 15 1 1968 681.61 133.31 -0.22506 0.195581 
99 15 2 1970 681.61 142.40 0.66680 0.208917 

100 15 3 1978 681.61 145.87 0.06364 0.214008 
101 17 0 1959 661.30 172.85 • 0.261379 
102 17 1 1964 661.30 1 79.07 0.18811 0.270785 
103 17 2 1971 661.30 204.79 0.55562 0.309678 
104 17 3 1978 b61.30 211.40 0.14279 0.319673 
105 18 0 1958 553.29 25.02 • 0.045220 
106 18 1 1961 553.29 27.96 0.17712 0.050534 
107 18 2 1967 553.29 24.85 -0.09368 0.044913 
108 18 3 1978 553.29 14.01 -0.17811 0.025321 
109 19 0 1964 293.54 126.55 • 0.431117 
110 19 1 1968 293.54 124.95 -0.13627 0.425666 
111 19 2 1973 293.54 123.77 -0.C8040 0.421646 
112 19 3 1978 293.54 117.86 -0.40267 0.401513 
113 20 0 1964 151.02 70.59 • 0.467422 
114 20 1 1968 151.02 70.01 -0.09601 0.463581 
115 20 2 1975 151.02 67.71 -0.21757 0.448351 
116 20 3 1978 151.02 67.51 -0.04414 0.447027 
117 21 0 1963 454.74 232.98 • 0.512337 

·118 21 1 1966 454.74 237.48 0.32986 0.522232 
119 21 2 1970 454.74 255.32 0.98078 0.561464 
120 21 3 1978 454.74 268.03 0.34938 0.589414 

---.---------------- LOC _TYPE=N METRO=HOU --------------------
OBS LOC NUM PERIOD - YEAR ACRES RS DRS PRS 

121 7 0 1960 428.84 278.76 • 0.650033 
122 7 1 1965 428.84 319.39 1 .8949 0.744777 
123' 7 2 1975 428.84- 322.10 0.0632 0.751096 
124 7 3 1978 428.84 323.04 0.0731 0.753288 
125 9 0 1962 380.12 143.81 • 0.378328 
126 9 1 1968 380.12 164.68 0.9151 0.433232 
127 9 2 1972 380.12 158.1 8 -0.4275 0.416132 
128 9 3 1978 380.12 156.24 -0.C851 0.411028 
129 10 0 1964 437.95 211.76 • 0.483526 
130 10 1 1968 437.95 213.10 0.0765 0.486585· 
131 10 2 1972 437.95 209 .. 42 -0.2101 0.478182 
132 10 3 1978 437.95 2C8.45 -0.0369 0.475968 
133 12 0 1962 484.32 le6.97 • 0.386046 
134 12 1 1964 484.32 199.71 1.3152 0.412351 
135 12 2 1970 484.32 207.42 0.2653 0.428271 
136 12 3 1978 484.32 143.96 -1.6379 0.297241 
137 14 0 1962 326.82 14.13 • 0.043235 
138 14 1 1964 326.82 ~5.48 6.32.fil 0.169757 
139 14 2 1970 326.8.2 55.49 0.0005 0.169788 
140 14 3 1978 326.82 51.81 -0.1408 0.158528 
141 16 0 1964 615.19 241.13 • 0.391960 
142 16 1 1970 615.19 241.78 0.0176 0.393017 
143 16 2 1973 615.19 235.39 -0.3462 0.382630 
144- 16 3 1978 615.19 255.99 0.6697 0.416115 
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PERIOD 

o 

o 

1 

. 1 

2 

2 

3 

3 

TABLE A2. SINGLE-FAMILY RESIDENTIAL ACREAGE 

LOC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

DRS 

72 

-0.1745 

0.7322 

-0.3504 

0.0937 

-0.1547 

0.0656 

PRS 

0.1704 

0.3057 

0.1638 

0.3273 

0.1534 

0.3317 

0.1457 

0.3107 



TABLE A3. MULTI-F4~ILY RESIOENTI4L ACREAGE 

-------------------- LOC_TYPE=A METRO=BCS -----------________ _ 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14-
15 
16 

LOC_NUM 

3 
3 
3 
3 
4-
4-
4-
4-
5 
5 
5 
5 
6 
6 
6 
6 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1968 
1970 
1974-
1977 
1968 
1970 
1975 
1977 
1958 
1965 
1970 
1977 
1958 
1964-
1970 
1977 

ACRES 

152.32 
152.32 
152.32 
152.32 
106.92 
106.92 
105.92 
105.92 
37.90 
.37.90 
37.90 
37.90 

249.57 
249.57 
249.57 
249.57 

0.00 
12.26 
Sf.34 
61.34 

0.00 
0.00 
0.00 
0.00 
2.00 
2.01 
2.85 
2.79 
0.00 
0.00 
0.00 
1.65 

OHM 

• 
4.02442 
7.23477 
1.09419 

• 
0.00000 
0.00000 
0.00000 

• 
0.00377 
0.44327 

-0.02262 
• 

0.00000 
0.00000 
0.09445 

PRM 

0.000000 
0.0804.88 
0.369879 
0.402705 
0.000000 
0.000000 
0.000000 
0.000000 
0.052770 
0.053034 
0.075198 
0.073615 
0.000000 
0.000000 
0.000000 
0.006611 

-------------------- LOC_TYPE=A METRO=OFW ------------_______ _ 

OBS 

17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

LOC_NUM 

11 
1 1 
1 1 
11 
13 
13 
13 
13 
15 
15 
15 
15 
17 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
a 
1 
2 
3 
a 
1 
2 
3 
o 
1 
2 
3 
a 
1 
2 
3 
a 
1 
2 
'3 

YEAR 

1964 
1~59 
1976 
1978 
1969 
1974 
1978 

• 
1963 
1968 
1970 
1978 
1959 
1964 
1971 
1978 
1958 
1961 
1967 
1978 
1964 
1968 
1973 
1978 
1964 
1968 
1975 
1978 
1963 
1966 
1970 
1978 

ACRES 

156.88 
156.88 
156.88 
156.88 
59.99 
59.99 
59.99 
59.99 

126.47 
126.47 
126.47 
126.47 

94.15 
94.15 
94.15 
94.15 

361.1,4-
361.14 
361.14-
361.14-

47.14-
47.14 
47.14-
47.14 
59.14 
59.14 
59.14-
59.14-
89.46 
89.46 
89.46 
89.46 

73 

RM 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

• 
0.00 
0.00 
0.00 
3.87 
0.00 
0.00 
0.00 
0.00 
0.31 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0 .. 01 
O.Ot 
<l.00 
o.eo 
0.00 
0.00 

DRM 

• 
0.000000 
0.000000 
0.000000 

• 
0.000000 
0.000000 

• 
• 

0.000000 
0.000000 
0.382502 

• 
0.000000 
0.000000 
0.000000 

• 
-0.028613 

0.000000 
0.000000 

• 
0.000000 
0.0000 00 
0.000000 

• 
0.000000 
0.000000 
0.000000 

• 
0.000000 
0.000000 
0.000000 

PRM 

0.0000000 
0.0000000 
o.oooooao 
0.0000000 
0.0000000 
0.0000000 
o. 0000000 

• 
0.0000000 
0.0000000 
o. 000000'0 
0.0306001 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0008584 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0001691 
0.0001691 
0.0001691 
0.0001691 
0.0000000 
0.0000000 
0.0000000 
0.000000'0 



TABLE A3. MULTI-FAMILY RESIDENTIAL ACREAGE 

-------------------- LOC_TYPE=A METRO=HOU ---________________ _ 

OBS 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

LOC_NUN 

7 
7 
7 
7 
9 
9 
9 
9 

10 
10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
14 
16 
16 
16 
16 

PERIOO 

a 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
a 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 
1964 
1968 
1972 
1978 
1962 
1964 
1970 
1978 
1962 
1964 
1970 
1978 
1964 
1970 
1973 
1978 

ACRES 

66.16 
66.16 
66.16 
66 • .16 

109.17 
109.17 
109.17 
109.17 
4.7.35 
47.35 
47.35 
47.35 

174.9S 
174.98 
174.98 
174.98 
190.29 
190.29 
190.29 
190.29 
305.85 
305.85 
305.S5 
305.85 

RM 

0.00 
0.00 
0.00 
0.00 
0.00 
4.59 

18.15 
18.15 
0.00 
0.00 
0.00 
0.00 
0.00 

14.53 
19.84 
19.84 
0.00 
9.30 

29.70 
58.49 
7.35 

18.14 
22.73 
49.02 

ORM 

• 
0.00000 
0.00000 
0.00000 

• 
0.70074 
3.10525 
0.00000 

• 
O. 000 00 
0.00000 
0.00000 

• 
4.15190 
C.5e577 
0.00000 

• 
2.44364-
1.7e675 
1.891 19 
• 

0.58798 
0.50025 
1.71914 

PRM 

0.000000 
0.000000 
0.000000 
O. 00000'0 
0.000000 
0.042045 
0.166254 
0.166254 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.08.3038 
0.113384 
0.113384 
0.000000 
0.048873 
0.156078 
0.307373 
0.024031 
O. 059.31 a 
0.074317 
0.160275 

-------------------- LOC_TYPE=N METRO=BCS ----------_________ _ 

aBS 

73 
74 
75 
76' 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

LOC_NUM 

3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 

PERIOO 

a 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1968 
1970 
1974 
1977 
1968 
1970 
1975 
1977 
1958 
1965 
1970 
1977 
1958 
1964 
1970 
1977 

ACRES 

429.00 
429. 00 
429.00 
429.00 
424.26 
424.26 
424.26 
424.26 
218.41 
218.41 
218.41 
218.41 
463.94 
463.94 
463.94' 
463.94 

RM 

0.00 
0.00 
9.50 

17.90 
0.00 
0.00 

16.72 
!:1.64 
3.40 
3.50 
6.60 
8.24 
0.00 
0.00 
0.00 
0.29 

ORM 

• 
0.00000 
0.55361 
0.65268 

• 
0.00000 
0.78820 
4.1 1540 

• 
0.00654 
0.28387 
0.10727 

• 
0.00000 
0.00000 
0.OC893 

PRM 

o. 0000 00 
0.000000 
0.022145 
0.041725 
0.000000 
0.000000 
0.039410 
0.121718 
0.015567 
0.016025 
0.0.30218 
0.037727 
0.000000 
0.000000 
0.000000 
0.000625 

-------------------- LOC_TYPE=N ~ETRO=DFW ---------------____ _ 
aBS LOC_NUM 

89 11 
90 11 
91 11 
92 11 
93 13 
94 13 

,95 13 

PERIOD 

o 
1 
2 
3 
o 
1 
2 

YEAR 

1964 
1~69 
1976 
1978 
1969 
1974 
1978 

ACRES 

595.82 
595.82 
595.82 
595.82 
313.03 
313.03 
313.03 

74 

RM 

0.00 
0.00 

44.03 
58.56 

0.00 
10.85 
14.72 

DRM 

• 
0.00000 
1.05569 
1.21933 

• 
0.69322 
0.30908 

PRM 

0.0000000 
0.0000000 
0.0738982 
0.0982847 
0.0000000 
0.0346612 
0.0470242 



TABLE A3. MULTI-FAMILY RESIDENTIAL ACREAGE 

-------------------- LOC_TYPE=N METRO=DFW ---------__________ _ 

OBS 

96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
ltO 
111 
112 

113 
114 
115 
116 
117 
1 18 
119 
120 

13 
15 
15 
15 
15 
17 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 

20 
20 
20 
20 
2{ 
21 
21 
21 

PERIOD 

3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

• 
1963 
1968 
1970 
1978 
1959 
1964 
1971 
1978 
1958 
1961 
1967 
1978 
1964 
1968 
1973 
1978 

1964 
19&8 
1975 
1978 
1963 
1966 
1970 
1978 

ACRES 

313.03 
681.61 
681.61 
681.61 
681.61 
661.30 
661.30 
661.30 
661.30 
553.29 
553.29 
553.29 
553.29 
293.54 
293.54 
293.54 
293.54 

151.02 
151.02 
151.02 
151.02 
4-54.74 
454.74 
454.74 
454.74-

RM 

• 
3.17 

27.94 
35.01 
35.01 

0.00 
0.00 
0.00 
0.43 
0.31 
0.31 
0.31 
0.45 

20.79 
21.44 
22.58 
22.58 
0.'33 
0.22 
0.22 
0.22 
3.67 
3.67 

10.12 
11.44 

ORM 

• 
• 

0.72681 
0.51863 
0.00000 

• 
0.00000 
0.00000 
0.00929 

• 
0.00000 
0.00000 
0.00230 

• 
0.05536 
0.07767 
c.ooooo 
• 

-0.018210 
0.000000 
0.000000 

• 
0.000000 
0.354598 
0.036284 

PRM 

• 
0.0046508 
0.0409912 
0.0513637 
0.0513637 
0.0000000 
0.0000000 
0.0000000 
0.0006502 
0.0005603 
0.0005603 
0.0005603 
0.0008133 
0.0708251 
0.0730394 
0.0769231 
0.0769231 
0.0021851 
0.0014568 
0.0014568 
0.0014568 
0.0080705 
0.0080705 
0.0222545 
0.0251572 

------------------- LOC_ TYPE'=N METRC=HOU --------------------
aBS LOC_NUM 

121 . 7 
122 7 
123 7 
124 7 
125 9 
126 9 
127 9 
128 9 
129 10 
130 10 
131 10 
132 10 
133 12 
134 12 
135 12 
136 12 
137 14 
138 14 
139 14 
140 14 
141 16 
142 16 
143 16 
144 16 

PERIOD 

o 
1 
2 
3 
o 
t 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 
1964 
1968 
1972 
1978 
1962 
1964 
1970 
1978 
1962 
1964 
1970 
1978 
1964 
1970 
1973 
1978 

ACRES 

428.84 
428.84 
428.84 
428.84 
380.12 
380.12 
380.12 
380.12 
437.95 
437.95 
437.95 
437.95 
484.32 
484.32 
484.32 
484.32 
326.82 
326.82 
326.82 
326.82 
615.19 
615.19 
615.19 
615.19 

75 

RM 

3.87 
3.87 
3.87 
4.28 
0.00 

13.46 
70.05 
77.39 
15.61 
33.07 
72.48 
73.85 

0.00 
22.44 
44.46 

176.06 
0.00 
2.45 

18.66 
69.47 
0.00 
0.00 

16.65. 
f4.73 

DRM 

• 
0.00000 
0.00000 
0.0:!187 

• 
0.59016 
3.72185 
0.32183 

• 
0.99669 
2.24969 
0.05214 

• 
2.31665 
0.75776 
3.39651 

• 
0.37482 
0.82665 
1.94335 

• 
0.00000 
0.90216 
1.56309 

PRM 

0.009024-
0.009024 
0.009024 
0.009980 
0.000000 
0.035410 
0.184284-
0.203594 
0.035643 
0.075511 
0.165498 
0.168627 
0.000000 
0.046333 
0.091799 
0.363520 
0.000000 
0.007496 
0.057096 
0.212563 
0.000000 
0.000000 
0 • .027065 
0.105220 



PERIOD 

o 

o 

1 

1 

2 

2 

3 

3 

TABLE A3. MULTI-FAMILY RESIUENTIAL ACREAGE 

LOC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

76 

DRM 

0.6602 

0.3190 

0.7542 

0.6889 

U.3035 

0.7918 

PRM 

0.0043 

0.0081 

0.02U4 

0.0194 

0.U531 

0.05UO 

0.0842 

0.0994 



TA8LE A4. COMMERCIAL AND INDUSTRIAL ACREAGE 

-~------------------ LOC _TYPE=A METRO=8CS 
-----~-----~--------

085 LOC -NUM PERIOD YEAR ACRES C DC PC 

1 .3 0 1968 152.32 0.91 • 0.005974 
2 3 1 1970 152.32 2.41 0.49238 0.015822 
3 3 2 1974 152.32 2.96 0.09027 0.019433 
4 3 .3 1977 152.32 <;.04 1.33053 0.059349 
5 4 0 1968 106.92 2.25 • 0.021044 
6 4 1 1970 106.92 2.25 0.00000 0.021044 
7 4 2 1975 106.92 22.25 3.74111 0.208100 
8 4 3 1977 106.92 25.62 1.57594- 0.239618 
9 5 0 1958 37.90 0.68 • 0.017942 

10 5 1 1965 37.90 0.68 0.00000 0.017942 
1 1 5 2 1970 37.90 ,3.48 1.47757 0.091821 
12 5 3 1977 37.90 3 • .36 -0.04523 0.088654 
13 6 0 1958 249.57 18.94 • 0.075891 
14 6 1 1964 249.57 31.09 0.81140 0.124574 
15 6 2 1970 249.57 60.94 1.99343 0.244180 
16 6 3 1977 249.57 65.88 0.2827'7 0.263974 

-------------------- LOC _TYPE=A METRO=DFW ... --.----------_ .. _--
OBS LOC -NUM PERIOD YEAR ACRES C DC PC 

17 1 1 0 1964 156.88 3.31 • 0.021099 
18 1 1 1 1969 156.88 3.57 0.0331 0.022756 
19 1 1 2 1976 156.88 15.23 l.Ofl8 0.097081 
20 11 3 1978 156.88 26.39 3.5569 0.168218 
21 13 0 1969 59.99 3.10 • 0.051675 
22 13 1 1974- 59.99 13.02 3.3072 0.217036 
23 1.3 2 1978 59.99 13.92 0.3751 0.232039 
24 13 3 • 59.99 • • • 25 15 0 1963 126.47 10.04 • 0.079386 
26 15 1 1968 126.47 22.22 1.9261 0.175694 
27 15 2 1970 126.47 49.85 10.9235 0.394165 
28 15 .3 1978 126.47 65.65 1.5616 0.519095 
29 17 0 1959 94.15 8.58 • 0.091131 
30 17 1 1964- 94.15 8.87 0.0616 0.09421.1 
31 17 2 1971 94.15 8.87 0.0000 0.094211 
32 17 3 1978 94.15 10.87 0.3035 0.tr5454 
33 18 0 1958 361.14- 52.62 • 0.145705 
'34 18 1 1961 361.14 104.53 4.7913 0.289445 
35 18 2 1967 361.14 186.51 3.7834 0.516448 
36 18 3 1978 361.14- 289.25 2.5863 0.800936 
37 19 0 1964 47.14 15.31 • 0.324777 
38 19 1 1968 47.14 15.74 0.2280 0.333899 
39 19 2 1973 47.14 15.74 0.0000 0.333899 
40 19 3 1978 47.14- 16.02 0.1188 0.339839 
41 20 a 1964 59.14 o. t 4 • 0.002367 
42 20 1 1968 59.14 15.34 6.4254 0.259385 
43 20 2 1975 59.14 21.61 1.5146 0.365404 
44- 20 3 1978 59.14 27.13 3.1113 0.458742 
45 21 0 1963 89.46 24.68 • 0.275877 
46 21 1 1966 89.46 24.48 -0.0745 0.273642 
47 21 2 1970 89.46 27.83 0.9362 0.311089 
48 21 3 1978 89.46 39.91 1.6879 0.446121 

77 



TABLE A4. COMMERCIAL AND INDUSTRIAL ACREAGE 
____________________ LOC_TYPE=A METRO=HOU 

OBS LOC_NUM PERIOD YEAR ACRES C 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

7 
7 
7 
7 
9 
9 
9 
9 

10 
10 
10 
10 
12 
12 
12 
12 
14 
14-
14-
14 
16 
16 
16 
16 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 
1964 
1968 
1972 
1978 
1962 
1964 
1970 
1978 
1962 
1964 
1970 
1978 
1964-
1970 
1973 
1978 

66.16 
66.16 
66.16 
66.16 

109.17 
109.17 
109.17 
109.17 

47.35 
47.35 
47.35 
47.35 

174.98 
174.98 
174.98 
1 74.98 
190.29 
190.29 
190.29 
190.29 
305.85 
305.85 
305.85 
305.85 

2.50_ 
3.02 
2.50 
2.50 

11.37 
30.21 
37.47 
31.85 
0.00 
0.23 
0.75 
0.98 

35.66 
45.83 
69.06 

10,1.13 
13.30 
21.18 
36.75 
65.34 
82.86 
77.02 
94.'72 

151.81 

---~.---------------
DC 

• 
0.15719 

-0.07860 
0.00000 

• 
2.87625 
1.66254 

-0.85799 

• 
0.12144 
0.27455 
0.C8096 

• 
2.90605 
2.21263 
2.29098 

• 
2.C7052 
1.36371 
1.87805 

• 
-0.31824 

1.92905 
3.73320 

PC 

0.037787 
0.0456-47 
0.037787 
0.037787 
0.104149 
0.276724 
0.343226 
0.291747 

0.000000 
0.004857 
0.015839 
0.020697 
0.203795 
0.261916 
0.394674 
0.577952 
0.069893 
0.111304 
0.193126 
0.343371 
0.270917 
0.251823 
0.309694 
0.496354 

-------------------- LOC_TYPE=N METRO=8CS --------------------
OBS 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

LOC_NUM 

3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
.3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1968 
1910 
1974 
1977 
1968 
1970 
1975 
1977 
1958 
1965 
1970 
1971 
1958 
1964 
1970 
1977 

ACRES 

429.00 
429.00 
429.00 
429.00 
424.26 
424.26 
424.26 
424.26 
218.41 
218.41 
218.41 
218.41 
463.94 
463.94 
463.94 
463.94 

C 

0.00 
5.05 
7.62 

27.51 
0.25 
0.25 
5.07 
5.67 
3.30 
2.12 
5.70 
8.32 
5.99 
2.07 
9.13 
7.27 

DC 

• 
0.58858 
0.14C;77 
1.54545 

• 
0.00000 
0.22722 
0.07071 

• 
-0.07718 

0.32782 
0.17137 

• 
-0.14082 

0.25362 
-0.05727 

PC 

0.0000000 
0.OJ17716 
0.0177622 
0.0641259 
0.0005893 
0.0005893 
0.0119502 
0.0133644 
0.0151092 
0.0097065 
0.0260977 
0.0380935 
0.0129112 
0.0044618 
0.0196793 
0.0156701 

------------------- LOC_TYPE=N METRO=DFW --------------------
085 LOC_NUM PERIOD YEAR 

89 11 o 1964 
90 11 1 1969 
91 11 2 1976 
92 11 3 1978 
93 13 o 1969 
94 13 1 1974 

'95 13 2 1978 

ACRES 

595.82 
595.82 
595.82 
595.82 
313.03 
313.03 
313.03 

78 

C 

4.75 
5.14 

12.80 
14.97 

4.39 
10.88 
20.95 

DC 

• 
0.01309 
0.18366 
0.18210 

• 
0.41466 
0.80424 

PC 

0.007972 
0.008627 
0.021483 
0.025125 
0.014024 
0.034757 
0.066926 



TABLE A4. COMMERCIAL AND INDUSTRIAL ACREAGE 

---~-------.--------
OBS 

96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

13 
15 
15 
15 
15 
17 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 

PERIOD 

3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
t 
2 
3 
o 
1 
2 
3 

LOC_TYPE=N METRO=DFW 

YEAR 

.. 
1963 
1968 
1970 
1978 
1959 
1964 
1971 
1978 
1958 
1961 
1967 
1978 
1964 
1968 
1973 
1978 
1964 
1968 
1975 
1978 
1963 
1966 
1970 
1978 

ACRES 

313.03 
681.61 
681.61 
681.61 
681.61 
661.30 
661.30 
661.30 
661.30 
553.29 
553.29 
553.29 
553.29 
293.54 
293.54 
293.54 
293.54 
151.02 
151.02 
151.02 
151.02 
454.74 
454.74 
454.74 
454.74 

C 

• 
43.91 
57.43 
71.72 
84.98 
0.00 
0.86 
1.85 
2.51 

46.25 
71.28 

129.78 
283.93 

13.97 
15.37 
17.39 
20.23 
7.49 
7.52 
9.88 

11.43 
3.36 
3.58 

10.09 
1 E .10 

--~---~--.~---------

• 
• 

DC 

0.39671 
1.04825 
0.24317 

• 
0.02601 
0.02139 
0.01426 

• 
1.5C795 
1.76219 
2.53278 

• 
0 • .11923 
0.13763 
0.19350 
• 

0.004966 
0.223244 
0.342118 

• 
0.01E126 
0.357897 
0.137716 

PC 

• 
0.064421 
0.084256 
0.105221 
0.124675 
0.000000 
0.001300 
0.002798 
0.003796 
0.083591 
0.128829 
0.234561 
0.513167 
0.047591 
0.052361 
0.059242 
0.068917 
0.0495961 
0.0497947 
0.0654218 
0.0756893 
0.0073888 
0.0078726 
0.0221885 
0.0332058 

-------------------- LOC_TYPE=N METRO=HOU --------------------
OBS LOC_NUM 

121 . 7 
122 7 
123 7 
124 7 
125 9 
126 9 
127 9 
128 9. 
129 10 
130 10 
131 10 
132 10 
133 12 
134 12 
135 12 
136 12 
137 14 
138 14-
139 14 
140 14 
141 16 
142 16 
143 16 
144 16 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 
1964 
1968 
1972 
1978 
1962 
1964 
1970 
1978 
1962 
1964 
1970 
1978 
1964 
1'l70 
1973 
1978 

ACRES 

428.84 
428.84 
428.84 
428.84 
380.12 
380.12 
380.12 
380.12 
437.95 
437.95 
437.95 
437.95 
484.32 
484.32 
484.32 
484.32 
326.82 
326.82 
326.82 
326.82 
615.19 
615.19 
615.19 
615.19 

79 

C 

<;.83 
13.91 
12.31 
11.78 
35.52 
42.85 
49.93 
54.57 
37.33 
66.28 
E4.28 
66.92 

3.10 
·5.05 
10.06 
55."93 

2.80 
2.34 

14.95 
8.84 

11.02 
0.92 

14.05 
13.49 

DC 

• 
0.19028 

-0.03731 
-0.04120 

• 
0.32139 
0.46564-
0.20344 

• 
1.65259 

-0.11417 
0.l0047 

• 
0.20131 
0.17241 
1.18388 

• 
-0.07038 

0.64307 
-0.2.3369 

• 
-0.27363 

0.71143 
1.93241 

PC 

0.022922 
0.032436 
0.028705 
0.027469 
0.093444 
0.112728 
0.131353 
0.143560 
0.085238 
0.151341 
0.146775 
0.152803 
0.006401 
0.010427 
0.020771 
0.115481 
0.008567 
0.007160 
0.045744 
0.027049 
0.017913 
0.001495 
0.022838 
0.119459 



PERIOD 

o 

o 

1 

1 

2 

2 

3 

3 

TABLE A4. COMMERCIAL AND INDUSTRIAL ACREAGE 

LUC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

DC 

80 

1.4342 

U.2717 

1. 84 7tl 

0.4077 

1.3644 

0.5013 

PC 

O.lUUO 

0.0299 

0.1554 

0.0394 

0.2335 

0.0583 

0.3U99 

0.0919 



T4BLE 45. PUBLIC-GOVERNMENTAL AND SEMI-PUBLIC ACREAGE 

-------------------- LOC_TYPE=A 
METRO=BCS ------_____________ _ 

OBS LOC_NUM 

1 3 
2 3 
3 .3 
4 3 
5 4 
6 4-
7 4 
8 4 
9 5 

10 5 
11 5 
12 5 
13 6 
14 6 
15 6 
16 6 

OBS 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3c) 
40 
41 
42 
43 
44 
45 
46 
47 
48 

LOC_NUM 

11 
11 
11 
1 I 
13 
13 
13 
13 
15 
15 
15 
15 
17 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19. 
20 
20 
20 
20 
21 
21 
21 
21 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
.3 
o 
1 
2 
3 
o 
1 
2 
3 

PERIO:O 

o 
1 
2 
.3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
a 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
.3 
o 
1 
2 
3 

--______ 4~ _________ _ 

OBS 

49 
50 
51 
52 
53 
54 
55 
56 

LOC_NUM 

7 
7 
7 
7 
9 
9 
9 
9 

PERIOD 

o 
1 
2 
.3 
o 
1 
2 
3 

YEAR 

196B 
1970 
1974 
1977 
196B 
1970 
1975 
1977 
1958 
1965 
1970 
1977 
1958 
1964 
1970 
1977 

YEAR 

1964 
1969 
1976 
1978 
1969 
1974 
1978 

• 
1963 
1968 
1970 
1978 
1959 
1964 
1971 
1978 
1958 
1961 
1967 
1978 
1964 
1968 
1973 
1978 
1964 
1968 
1975 
1978 
1963 
'1966 
1970 
1978 

YEAR 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 

ACRES 

152.32 
152.32 
152.32 
152.3.2 
106.92 
106.92 
106.92 
106.92 
37.90 
37.90 
37.90 
37.90 

249.57 
249.57 
249.57 
249.57 

P 

0.00 
0.00 
7.53 
7.53 

20.22 
20.22 
20.22 
20.22 
3.91 
3.91 
3.91 
4.49 

39.96 
40.52 
40.52 
40.52 

OP 

• 
0.00000 
1.23588 
0.00000 

• 
0.00000 
0.00000 
0.00000 

• 
0.00000 
0.00000 
0.21862 

• 
0.03740 
0.00000 
0.00000 

PP 

0.000000 
0.000000 
0.049435 
0.049435 
0.189113 
0.189113 
0.189113 
0.189113 
0.103166 
0.103166 
0.103166 
0.118470 
0.160115 
0.162359 
0.162359 
0.162359 

METRC=DFW ----------_________ _ 

ACRES 

156.88 
156.88 
156.88 
156.88 
59.99 
59.99 
59.99 
59.99 

126.47 
126.47 
126.47 
126.47 
94.15 
94.15 
94.15 
94.15 

361.14 
361.14 
361.14 
361.14 

47.14 
47.14 
47.14 
47.14 
59.14 
59.14 
59.14 
59.14 
89.46 
89.46 
89.46 
89.46 

P 

0.00 
10.33 
10.33 
10.33 
24.12 
24.12 
24.12 

• 
2.34 
0.00 
0.00 
0.00 
2.96 
2.96 
2.96 
2.04 
0.00 
0.00 
0.00 
0.00 

18.25 
18.25 
18.25 
18.25 

0.00 
0.00 
0.00 
0.00 
8.47-
7.55 
7.24 

11.34 

METRC=HOU 

ACRES 

66.16 
66.16 
66.16 
66.16 

109.17 
109.17 
109.17 
109.17 

81 

P 

3.00 
3.00 
3.00 
3.00 
4.91 

23.70 
23.70 
23.70 

OP 

• 
1.31693 
0.00000 
0.00000 

• 
0.00000 
0.00000 
• 
• 

-0.37005 
0.00000 
0.00000 

• 
0.00000 
o.oeooo 

-0.1.J959 
• 

0.00000 
0.00000 
0.00000 

• 
0.00000 
0.00000 
0.00000 

• 
0.00000 
0.00000 
0.00000 

• 
-0.34280 
-0.08663 

0.57288 

PP 

0.000000 
0.065847 
0.065847 
0.065847 
0.402067 
0.402067 
0.402067 

• 
0.018502 
0.000000 
0.000000 
0.000000 
0.031439 
0.03)439 
0.031439 
0.021668 
0.000000 
0.000000 
0.000000 
0.000000 
0.387145 
0.387145 
0.387145 
0.387145 
o. 0000 00 
O. 00000'0 
0.000000 
0.000000 
0.094679 

0.084395 
0.080930 
0.126761 

---------~--~-------
OP 

• 
0.0000 
0.0000 
0.00 00 

• 
2.8686 
0.0000 
0.0000 

pp 

0.045345 
0.045345 
0.045345 
0.045345 
.0.044976 
0.217093 
0.217093 
0.217093 



TABLE A5. PUBLIC-GOVERNMENTAL AND SEMI-PUBLIC ACREAGE 

-------------------- LOC_TYPE=A METRO=HOU -------------------_ 
OBS 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

LOC NUM 

10 
10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
14-
16 
16 
16 
16 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
I 
2 
3 
o 
I 
2 
.3 

YEAR 

1964 
19.68 
1972 
1978 
1962 
1964 
1970 
1978 
1962 
1964 
1970 
1978 
1964 
1970 
1973 
1978 

ACRES 

47.35 
47.35 
47.35 
47.35 

174.98 
174.98 
174.98 
174.98 
190.29 
190 .29 
190.29 
190.29 
305.85 
305.€5 
305.85 
305.85 

P 

0.41 
0.41 
0.41 
0.41 
7.08 
3.18 
3.28 
7.52 
0.00 
0.00 
0.00 
0.00 
5.29 

2C.74 
20.97 

8.62 

DP 

• 
0.0000 
0.0000 
0.0000 

• 
-1.1144 

0.0095 
0.3029 

• 
0.0000 
0.0000 
o.oeoo 

• 
0.8419 
0.0251 

-0.8076 

PP 

0.0086589 
0.0086589 
0.0086589 
0.0086589 
0.0404618 
0.0181735 
0.0187450 
0.0429763 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0172961 
0.0678110 
0.0685630 
0.0281838 

--------.----------- LOC_TYPE=N METRO=8CS --------------------
OBS 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

LllC_NUM 

3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1968 
1970 
1974 
1977 
1968 
1970 
1975 
1977 
1958 
1965 
1970 
1977 
1958 
1964 
197.0 
1977 

ACRES 

429.00 
429.00 
429.00 
429.00 
424.26 
424.26 
424.26 
424.26 
218.41 
218.41 
218.41 
218.41 
463.94 
463.94 
463.<;4 
463.94 

P 

2.13 
2.13 
6.63 

12.36 
0.00 
0.00 

37.50 
43.71 
9.84 

10.23 
10.52 
10.52 
0.00 
'0.00 
0.00 
0.00 

DP 

• 
0.00000 
0.26224 
0.44522 

• 
0.00000 
1.76778 
0.73186 

• 
0.02551 
0.02656 
0.00000 
• 

0.00000 
0.00000 
0.00000 

PP 

0.004965 
0.004965 
0.015455 
0.028811 
0.000000 
0.000000 
0.088389 
0.103026 
0.045053 
0.046839 
0.048166 
0.048166 
0.000000 
0.000000 
0.000000 
0.000000 

-------------------- LOC_TYPE=N METRO=DFW --------------------
OBS 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

LOC_NUM 

11 
11 
1 1 
11 
13 
13 
13 
13 
15 
15 
15 
15 
17 
17 
17 
17 
18 
18 
18 
18 
19 
lq 
19 
19 

PERIOD 

a 
1 
2 
3 
o 
1 
2 
3 
a 
I 
2 
3 
o 
1 
2 
3 
a 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1964 
1969 
1976 
1978 
1969 
19'74 
1978 

• 
1963 
1968 
1970 
1978 
1959 
1964 
1971 
1978 
1958 
1961 
1967 
19'78 
1964 
1968 
197,3 
1978 

ACRES 

595.82 
595.82 
595.82 
595.82 
313.03 
313.03 
313.03 
313.03 
681.61 
681.61 
681.61 
681.61 
661.30 
661.30 
661.30 
661.30 
553.29 
553.29 
553.29 
553.29 
293.54 
293.54 
293.54 
293.54 

82 

P 

0.00 
85.30 
85.30 
as.30 

2.52 
3.68 
3.68 

• 
33.28 
33.71 
37.02 
37.02 

1.86 
1.86 

14.11 
18.82 

1.64 
2.56 
2.'70 
2.23 

32.60 
32.60 
32.60 
31.66 

DP 

• 
2.8€328 
0.00000 
0.00000 

• 
0.07411 
0.00000 
• 
• 

0.01262 
0.24281 
0.00000 
• 

0.00000 
0.26463 
0.10175 

• 
0 .. 05543 
0.00422 

-0.00772 
• 

0.00000 
0.00000 
0.34476 

PP 

0.000000 
0.1431€4 
0.14.3164 
0.143164 
0.008050 
0.011756 
0.011756 

• 
0.048826 
0.049456-
0.054313 
0.054313 
0.002813 
0.002813 
0.021337 
0.028459 
0.002964 
0.004627 
0.004880 
0.004030 
0.111058 
0.111-058 
0.111058 
0.128296 



TABLE A5. PUBLIC-GOVERNMENTAL AND SEMI-PUBLIC ACREAGE 

-------------------- LOC _TYPE=N METRC=DFW 
--~----~----~-------

OBS LaC -NUM PERIOD YEAR ACRES P DP PP 

113 20 0 1964 151.02 2.15 • 0.0142365 
114- 20 1 1968 151.02 2.15. 0.00000 0.0142365 
115 20 2 1975 151.02 2.15~ 0.00000 0.0142365 
116 20 3 1978 151.02 2.15 0.00000 0.0142365 
117 21 a 1963 454.74 33.61 • 0.0739104 
118 21 1 1966 454.74 .30.05 -0.26095 0.0660817 
119 21 2 1970 454.74 32.85 0.1~393 0.0722391 
120 21 3 1978 454.74 40.41 0.2C781 0.0888640 

-~--~-~--------~~-- LOC -TYPE=N METRO=HOU 
-~-------~----------

OBS LOC - NUM PERIOD YEAR ACRES P DP PP 

121 7 0 1960 428.84 18.67 • 0.0435361 
122 7 1 1965 428.84 18.37 -0.01399 0.0428365 
123 7 2 1975 428.84 18.37 0.00000 0.0428365 
124 7 3 1978 428.84 18.37 o.ocooo 0.0428365 
125 9 0 1962 380.12 7 • .36 • 0.0193623 
126 9 1 1968 380.12 1.36 0.00000 0.0193623 
127 9 2 19'72 380.12 3.46 -0.25650 0.0091024 
128 9 3 1978 380 -12 0.39 -0.13461 0.0010260 
129 10 0 1964- 437.95 21.15 • 0.0482932 
130 10 1 1968 437.95 21.15 0.00000 0.0482932 
131 to 2 1972 4,37.95 21.15 0.00000 0.0482932 
132 ' 10 3 1~78 4.37.95 21.15 0.00000 0.0482932 
133 12 0 1962 484.32 2.55 • 0.0052651 
134- 12 1 1964 484.32 11.01 0.87339 0.0227329 
135 12 2 1970 484.32 13.94 0.10083 0.0297826 
136 12 3 1978 484.32 13.94 0.00000 0.0287826 
137 14 0 1962 326.82 0.00 • 0.0000000 
138 14 1 1964 326.82 0.00 0.00000 O.OOOOOQO 
139 ' 14 2 1970 326.82 0.00 0.00000 0.0000000 
140 14 3 1978 326.82 0.00 0.00000 0.0000000 
141 16 0 1964 615.19 3.88 • 0.0063070 
142 16 1 1970 615.19 14.80 0.2<;584 0.0240576 
143 16 2 1973 615.19 13.66 -0.06177 0.0222045 
144 16 .3 1978 615.19 24.16 0 • .34136 0.0392724 

83 



PERIUU 

o 

U 

1 

1 

2 

2 

3 

3 

TABLE AS. PUBLIC-GOVERNMENTAL AND SEMI-PUBLIC ACREAGE 

LOC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

84 

DP 

0.1799 

0.2181 

0.0658 

0.1392 

0.0087 

0.1194 

pp 

0.0857 

0.0241 

0.0990 

0.0340 

0.1017 

0.0409 

0.0861 

0.0482 



TABLE A6. STREETS AND ROADS ACREAGE 

------~------------- LOC - TYPE=A METRG=BCS 
----~--~--~-~------

aBS Lac -NUM PERIOD YEAR ACRES SR OSR PSR 

1 3 0 1968 152.32 19.34 • 0.126970 
2 3 1 1970 152.32 20.05 0.23306 0.131631 
3 3 2 1974 152.:.32 21.21 0.190.39 0.139246 
4 3 3 1977 152.32 21.21 0.-00000 0.139246 
5 4 0 1968 106.92 22.99 • 0.215021 
6 4 1 1970 106.92 28.61 2.62813 0.267583 
7 4- 2 1975 106.92 29.65 0.19454 0.277310 
8 4- 3 1977 106.92 30.04 0.18238 0.280958 
9 5 0 1958 37.90 0\.41 • 0.116359 

10 5 1 1965 37.90 4.41 0.00000 0.116359 
1 1 5 2 1970 37.90 4.41 0.00000 0.116359 
12 5 3 1977 37.90 4.41 0.00000 0.116359 
13 6 0 1958 249.57 36.67 • 0.146933 
14 6 1 1964 249.57 36.67 0.00000 0.146933 
15 6 2 1970 249.57 36.67 0.00000 0.146933 
16 6 3 1977 249. 'f37 36.67 0.00000 0.1469.33 

-~--~-~----------- LOC -TYPE=A METRC=DFW 
----------.-~-----~~ 

aBS LOC -NUN! PERIOD YEAR ACRES SR OSR PSR 

17 1 1 a 1964 156.88 31.86 • 0.20:3085 
18 11 1 1969 156.8S 33.40 0.19f328 0.212902 
19 1 1 2 1976 156.88 35.54 0.194871 0.226543 
20 11 3 lc)78 156.88 37.09 0.494008 0.2.36423 
21 13 0 1969 59.99 12.97 • 0.216203 
22 13 I 1974 59.99 13.07 0.033339 0.217870 
23 13 2 1978 59.99 13.07 0.000000 0.217870 
24 13 3 • 59.99 • • • 25 15 0 1963 126.47 25.99 • 0.205503 
26 15 1 1968 126.47 25.99 0.000000 0.205503 
27 15 2 1970 126.47 2'f3.99 0.000000 0.205503 
28 15 3 1978 126.47 25.99 0.000000 0.205503 
29 17 0 1959 94.15 4.75 • 0.050451 
30 17 1 1964 94.15 5.65 0.191184 0.060011 
31 17 2 1971 94.15 6.05 0.06C693 0.064259 
32 17 3 1978 94.15 f .13 0.012139 0.065109 
33 18 0 1958 361.14 39.65 • 0.109791· 
34 18 1 1961 361.14 43.24 0.331358 0.119732 
35 18 2 1967 361.14 56.15 0.595798 0.155480 
36 18 3 1978 361.14 61.38 0.131654 0.169962 
37 19 0 1964 47.14 12.73 • 0.270047 
38 19 1 1968 47.14 12.73 0.000000 0.270047 
39 19 2 1973 47.14 12.73 o.oocooo 0.270047 
40 19 3 1978 47.14 12.73 0.000000 0.270047 
41 20 a 1964 59.14 e.14 • 0.137639 
42 20 1 1968 59.14 9.68 0.650998 0.163679 
43 20 2 1975 59.14 9.68 0.0000 00 0.163679 
44 20 3 1978 59.14 ~.68 0.000000 0.163679 
45 21 a 1963 89.46 19.20 • 0.214621 
46 21 1 1966 89.46 19.20 0.000000 0.214621 
47 21 2 1970 89.46 19.20 0.000000 0.214621 
48 21 3 1978 89.46 19.54 0.047507 0.218422 
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TABLE A6. STREETS AND ROADS ACREAGE 

-------------------- LOC_TYPE=A METRO=HOU ----_______________ _ 

oBS 

49 
50 
51 
52 
53 
54-
55 
56 
57 
58 
59 
60 
61 
62 
63 
64-
65 
66 
67 
68 
69 
70 
71 
72 

LOC_NUN 

7 
7 
7 
7 
9 
'9 
9 
'9 

10 
10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
14 
16 
16 
16 
16 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
I 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1960 
1965 
1975 
1978 
1962 
1968 
1972 
1978 
1964-
1968 
1912 
1918 
1962 
1964 
1970 
1978 
1962 
196. 
1910 
1978 
1964 
1910 
1973 
1918 

ACRES 

66.16 
66.16 
66.16 
66.16 

109.11 
109.17 
109.11 
109.17 
47.35 
47.35 
41.35 
4-7.35 

174.98 
174.98 
174.98 
174.98 
190.29 
190.29 
1'90.29 
190.29 
305.85 
305.85 
305.85 
305.85 

SR 

·10.95 
lQ.95 
10.95 
10.95 
21.12 
21.12 
21.44 
21.44 
18.29 
18.29 
18.29 
18.29 
27.34 
29.26 
31.12 
31.12 
27.72 
28.08 
29.52 
31.58 
38.72 
40.39 
41.15 
41.97 

OSR 

• 
0.000000 
0.000000 
0.000000 

• 
0.000000 
0.073280 
0.000000 

• 
0.000000 
0.000000 
0.000000 

• 
0.548634 
0.177163 
0.000000 

• 
0.094592 
0.126123 
0.13~320 

• 
0.091003 
0.082829 
0.053621 

PSR 

0.165508 
0.165508 
0.165508 
0.165508 
0.193460 
0.193460 
0.196391 
0.196391 
0.386272 
0.386272 
0.386272 
0.386272 
0.156246 
0.167219 
0.177849 
0.177849 
0.145672 
0.147564 
0.155132 
0.165957 
0.126598 
0.132058 
0.134543 
0.137224 

-------------------- LOC_TYPE=N METRO=BCS -------____________ _ 

aBS 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

LoC_NUM 

3 
3 
3 
3 
4 
4 
4-
4 
5 
5 
5 
5 
6 
6 
6 
6 

PERIOD 

o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 

YEAR 

1968 
1970 
1974 
1977 
1968 
1970 
1975 
1977 
1958 
1965 
1970 
1977 
1958 
1964 
1970 
1977 

ACRES 

429.00 
429.00 
429.00 
429.00 
424.26 
424.26 
424.26 
424.26 
218.41 
218.41 
218.41 
218.41 
463.C;;4 
463.94 
463.94 
463.94 

SR 

6.43 
13.75 
22.57 
22.57 

4.23 
11.10 
18.37 
35.92 
68.20 
f8.20 
68.88 
68.88 
26.60 
26.60 
26.60 
26.60 

DSR 

• 
0.85315 
0.51399 
0.00000 

• 
0.80965 
0.34271 
2.0f831 

• 
0.00000 
0.06227 
0.00000 
• 

0.00000 
0.00000 
0.00000 

PSR 

0.014988 
0.032051 
0.052611 
0.052611 
0.009970 
0.026163 
0.043299 
0.084665 
0.312257 
0.312257 
0.315370 
0.315370 
0.057335 
0.057335 
0.057335 
0.057335 

-------------------- LOC_TYPE=N METRD=DFW -------____________ _ 

OBS LOC_NUM 

89 11 
90 11 
91 11 
92 11 
93 13 
94 13 
95 13 

PERIOD 

o 
1 
2 
3 
o 
1 
2 

YEAR 

1964 
1969 
1976 
1978 
1969 
1974 
1978 

ACRES 

595.82 
595.82 
595.82 
595.82 
313.03 
313.03 
313.03 

Rh 

SR 

7.84 
13.47 
25.80 
~2.38 
54.06 
56.59 
57.12 

DSR 

• 
0.18898 
0.29563 
0.55218 

• 
0.16165 
0.04233 

PSR 

0.013158 
0.022607 
0.043302 
0.054345 
0.172699 
0.180781 
0.182415 



TABLEA6. STREETS AND ROADS ACREAGE 

---~----------~----- LOC - TYPE=N METRC=DFW 
-----~--------------

nBS LOC _NUN PERIOD YEAR ACRES SR DSR PSR 

96 13 3 • 313.03 • • • 
97 15 0 1963 681.61 66.00 • 0.096830 
98 15 1 1968 681.61 ~6.00 0.00000 0.096830 . 
99 15 2 1970 681.61 66.00 0.00000 0.096830 

100 15 3 1978 681.61 ~6.00 0.00000 0.096830 
101 17 a 1959 661.30 47.89 • 0.072418 
102 17 1 1964 661.30 47.89 o.coooo 0.072418 
103 17 2 1971 661.30 53.46 0.12033 0.080841 
104 17 3 1978 661.30 S3.46 0.00000 0.080841 
105 18 0 1958 553.29 111. ~5 • 0.202335 
106 18 1 1961 553.29 133.87 1.32059 0.241953 
107 18 2 1967 553.29 135.70 0.05512 0.245260 
t08 18 3 1978 553.29 146.12 0.17121 0.264093 
109 19 0 1964 293.54 87.44 • 0.297881 
110 19 1 1968 293.54 87.44 0.00000 0.297881 
111 19 2 1973 293.54 e7.44 o.coooo 0.291881 
112 19 .3 1978 293.54 86.29 -0.07835 0.29~963 
113 20 o. 1964 151.02 21.89 • 0.184678 
114- 20 1 1968 151.02 28.17 0.04t351 0.186532 
115 20 2 1975 151.02 29.26 0.103108 0.193149 
116 20 3 1978 151.02 29.26 0.000000 0.193749 
117 21 0 1963 454.14 18.91 • 0.173528 
118 21 1 1966 454.74 78.91 0.000000 0.173528 
119 21 2 1970 454.74- 78.91 0.000000 0.173528 
120 21 .3 1978 454.74 78.91 0.000000 0.173528 

--------~-----------
LOC_TYPE=N METRO=HOU --------------------

OBS L.OC NUM PERIOD YEAR ACRES SR OSR PSR -
121 7 0 1960 428.84 67.94 • 0.158427 
122 7 1 1965 428.84 67.94 0.00000 0.158427 
123 7 2 1975 428.84 67.94 0.00000 0.158427 
124 7 3 1978 428.84 67.94 0.00000 0.158427 
125 9 0 1962 380.12 69.29 • 0.182285 
126 9 1 1968 380.12 69.29 0.00000 0.182285 
127 9 2 1972 380.12 71.36 0.13614- 0.187730 
128 9 3 1978 380.12 71.36 0.00000 0.187730 
129 10 0 1964 437.95 60.35 • 0.137801 
130 10 1 1968 437.95 60.35 0.00000 0.137801 
131 10 2 1972 437.~5 tl.28 0.05309 0.139925 
132 10 3 1978 437.95 61.28 0.00000 0.139925 
133 12 0 1962 484.32 56.09 • o. 115812 
134 12 1 1964 484.32 57.95 0.19202 0.119652 
135 12 2 1970 484.32 65.47 0.25378 0.135179 
136 12 3 1978 484.32 t5.47 0.00000 0.135179 
137 14 0 1962 326.82 12.47 • 0.038156 
138 14 1 1964 326.82 ::1.46 2.90527 0.096261 
139 14 2 1970 326.82 34.25 0.14228 0.104798 
140 14 3 1978 326.82 36.63 0.09103 0.112080 
141 16 0 1964 615.19 55.15 • 0.089647 
142 16 1 1970 615.19 65.42 0.27823 0.106341 
143 16 2 1973 615.19 ~7.97 0.13817 0.110486 
144 16 3 1978 615.19 80.74 0.41516 0.131244 
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PERlUD 

o 

o 

1 

1 

. 2 

2 

3 

3 

TABLE A6. STREETS AND RUADS ACREAGE 

LUC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

88 

USR 

0.2777 

U.3753 

0.9424 

0.1258 

0.0622 

0.1894 

PSR 

0.1770 

0.1295 

0.1844 

0.1390 

0.1896 

0.1455 

0.1907 

0.1489 



·TABLE A7. UNDEVELOPED ACREAGE 

-------------------- LOC_TYPE=A METRO=BCS 
---------~----------OBS LOC -NUM PERIOD YEAR ACRES U OU PU 

1 3 0 1968 152.32 132.07 • 0.867056 
2 3 1 1970 152.32 117.60 -4.7499 0.772059 
3 3 2 1974 152.32 t:4.28 -8.7513 0.422006 4 3 3 1977 152.32 !:3.20 -2.4247 0.349265 
5 4 0 1968 106.92 !:4.96 • 0.514029 6 4 1 1970 106.92 49.34 -2.6281 0.461467 
7 4 2 1975 106.92 29.10 -3.7860 0.272166 8 4 3 1977 106.92 25.34 -1.7583 0.237000 
9 5 0 1958 37.90 10.83 • 0.285752 

10 5 1 1965 37.90 10.50 -0.1244 0.277045 
11 5 2 1970 37.90 6.68 -2.0158 0.176253 12 5 3 1977 37.90 6.94 0.0980 0.183113 
13 6 0 1958 249.57 112.58 • 0.451096 
14 6 1 1964 249.57 93.94 -1.2448 0.376407 
15 6 2 1970 249.57 56.19 -2.5210 0.225147 
16 6 3 1977 249.57 45.06 -0.6371 0.180551 

-------------~------ LOC TYPE=A METRQ:=OFW ---------------------
aBS LOC -NUM PERIOD YEAR ACRES U DU PU 

17 I 1 0 1964 156.88 121.32 • 0.773330 
18 11 1 1969 156.88 109.19 -1.5464 0.696010 
19 11 2 1976 156.88 C;5.39 -1.2566 0.608044 
20 11 3 1978 156.88 83.07 -3.9266 0.529513 
21 13 0 1969 59.99 11.18 • 0.186364 
22 13 1 1974 59.99 1.16 -3.3406 0.019337 
23 13 2 1978 59.99 0.26 -0.3751 0.004334 
24 13 3 • 59.99 • • • 25 15 0 1963 126.47 f2.96 • 0.497826 26 15 1 1968 126.47 62.47 -0.0775 0.493951 
27 15 2 1970 126.47 48.72 -5.4361 0.385230 
28 15 3 1978 126.47 30.50 -1.8008 0.241164 
29 17 0 1959 94.15 50.03 • 0.531386 30 17 1 1964 94.15 49.01 -0.2167 0.520552 
31 17 2 1971 94.15 47.57 -0.2185 0.505258 
32 17 3 1978 94.15 47.09 -0.0728 0.500159 
33 18 0 1958 361.14 268.38 • 0.743147 
34 18 1 1961 361.14 213.13 -5.0996 0.590159 
35 18 2 1967 361.14 118.24 -4.3792 0.327408 
36 18 3 1978 361.14 10.51 -2.7119 0.029102 37 19 0 1964 47.14 0.85 • 0.018031 38 19 1 1968 47.14 0.42 -0.2280 0.008910 39 19 2 1973 47.14 0.42 O.COOO 0.008910 
40 19 3 1978 47.14 0.14 -0.1188 0.002970 41 20 0 1964 59.14 22.44 • 0.379439 42 20 1 1968 59.14 21.21 -0.5200 0.358641 43 20 2 1975 59.14 20.54 -0.1618 0.347311 44 20 3 1978 59.14 15.81 -2.6660 0.267332 45 21 0 1963 89.46 ~2.88 • 0.367539 
46 21 1 1966 89.46 37.24 1.6246 0.4J6275 47 21 2 1910 89.46 34.41 -0·.7909 0.384641 48 21 3 1978·· 89.46 18.04 -2.2873 0.201654 
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TABLE A7. UNDEVELOPED ACREAGE 

-------------------- LOC _ TYPE=A METRO=HOU 
---~----------------

OBS LOC _NU~ PERIOD YEAR ACRES U DU PU 

49 7 0 1~60 66.16 2.00 • 0.030230 
50 7 1 1965 66.16 1.48 -0.1572 0.022370 _ 
51 7 2 1975' 66.16 1.00, -0.0726 0.015115' 
52 7 3 1978 66.16 1.00 0.0000 0.015115 
53 9 0 1962 109.17 69.51 • 0.636713 
54 9 1 1968 109.17 26.84 -6.5143 0.245855 
55 9 2 1972 109.17 6.15 -4.7380 0.056334 
56 9 3 1978 109.17 13.25 I.C839 0.121370 
57 10 0 1964 47.35 1.93 • 0.040760 
58 10 1 1968 47.35 1.70 -0.1214 0.035903 
59 10 2 1972 47.35 1.70 0.0000 0.035903 
60 10 3 1978 47.35 1.70 0.0000 0.035903 
61 12 0 1962 174.98 94.52 • 0.540176 
62 12 1 1964 174.98 72.21 -6.3750 0.412676 
63 12 2 1970 174.98 46.87 -2.4136 0.267859 
64 12 3 1978 174.98 15.37 -2.2503 0.087839 
65 14 0 1962 190.29 144.41 • 0.758894 
66 14 1 1964- 190.29 127.04 -4.564-1 0.667613 
67 14 2 1970 190.29 93.93 -2.9000 0.493615 
68 14 3 1978 190.29 34.88 -3.8789 0.183299 
69 16 0 1964 305.85 136.39 • 0.445938 
70 16 1 1970 305.85 120.48 -0.E670 0.393919 
71 16 2 1973 305.85 E7.51 -3.5933 0.286121 
72 16 3 1978 305.85 32.82 -3.5763 0.107308 

-------------------- LOC_TYPE=N METRO-=BCS 
~.-~----------~-----

OBS LOC _NUM PERIOD YEAR ACRES U DU PU 

73 3 0 1968 429.00 409.57 • 0.954709 
74 3 1 1970 429.00 3S7.20 -1.4417 0.925874 
75 3 2 1974- 429.00 368.71 -1.6603 0.859464 
76 3 3 1977 429.00 323.66 -3.5004 0.7544-52 
77 4 0 1968 424.26 3~7.83 • 0.937703 
78 4 t 1970 424.26 376.58 -2.5044 0.887616 
79 4 2 1975 424.26 310.27 -3.1259 0.731320 
80 4 3 1977 424.26 240.81 -8.1860 0.567600 
81 5 0 1958 218.41 40.73 • 0.186484 
82 5 1 1965 218.41 .38.62 -0.1380 0.176823 
83 5 2 1970 218.41 28.61 -0.9166 0.130992 
84- 5 3 1977 218.41 24-.83 -0.2472 0.113685 
85 6 0 1958 463.94- 388.39 • 0.837156 
86 6 1 1964 463.94 377.20 -0.4020 0.813036 
87 6 2 1970 463.94- 366.43 -0.3869 0.789822 
88 6 3 1977 463.94 356.95 -0.2919 0.769388 

-------~------------
LOC_TYPE=N METRO=DFW 

~-~-----------------
OSS LOC -NUM PERIOD YEAR ACRES U DU pl) 

89 11 0 1964 595.82 581.80 • 0.976469 
90 11 1 1969 595.82 491.23 -3.0402 .0.824460 
91 11 2 1976 595.82 427.21 -1.5350 0.717012 
92 11 3 1976 595.82 404.22 -1.9293 0.678426 
93 13 0 1969 313.03 49.09 • 0.156822 
94- 13 1 1974 313.03 28.06 -1.34-36 0.089640 

. 95 13 2 1978 313.03 13.59 -1 • .1556 0.043414 
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T43LE A7. UNDEVELOPED ACREAGE 

-------------------- LOC_TYPE=N METRO=DF\1I 
----~--~-------~---OBS LOC _NUM PERIOD YEAR ACRES U OU PU 

96 13 3 • 313.03 • • • 97 15 0 1963 681.61 3«;14.27 • 0.578439 
98 15 1 1968 681.61 363.22 -0.«;1111 0.532885 
99 15 2 1970 681.61 329.46 -2.4765 0.483356 

100 15 3 1978 681.61 J 12 .. 73 -0.·3068 0.458811 
101 17 0 1959 661.30 438 .. 70 • 0.663390 
102 17 1 1964 661.30 4::1.62 -0.2141 0.652684 
103 17 2 1971 661.30 387.09 -0.9620 0.585347 
104 17 3 1978 661.30 374.68 -0.2681 0.566581 
105 18 0 1958 553.29 368 .. 12 • 0.665329 
106 18 1 1961 55.3.29 317.31 -3.0611 0.573497 
107 18 2 1967 553.29 259.95 -1.7278 0.469826 
108 18 3 1978 553.29 106.55 -2.5205 0.192575 
109 19 0 1964 293.54 12.19 • 0.041528 
110 19 1 1968 293.54 11.74 -0.C383 0.039995 
111 19 2 1973 293.54 9.76 -0.1349 0.033249 
112 19 3 1978 293.54 8.92 -0.C572 0.030388 
113 20 0 1964 151.02 42.57 • 0.281883 
114 20 1 1968 151.02 42.95 0.0629 0.284399 
1I5 20 2 1975 151.02 41.80 -0.1088 0.276785 
116 20 3 1978 151.02 40.45 -0.2980 0.267845 
117 21 0 1963 454.74 102.21 • 0.224766 
118 21 1 1966 454.74 101 .. 05 -0.C850 0.222215 
119 21 2 1970 454.74 67.45 -1.8472 0.148327 
120 21 3 1978 454.74 40.85 -0.7312 0.089832 

---------~~---------
LOC_TYPE=N METRO=HOU 

--------~-----------
OBS LOC -NUM PERIO.O YEAR ACRES U DU Pl.,I 

121 7 0 1960 428.84 49.77 • 0.116057 
122 7 1 1965 428.84 5.36 -2.0712 0.012499 
123 7 2 1975 428.84 4.25 -0.0259 0.009910 
124 7 .3 1978 428.84 3.43 -0.0637 0.007998 
125 9 0 1962 380.12 124.14 • 0.326581 
126 9 1 1968 380.12 82.48 -1.8266 0.216984 
127 9 2 1972 380.12 27.14 -3.6396 0.071399 
128 9 3 1978 380.12 20.17 -0.3056 0.053062 
129 10 0 1;964 437.95 91.75 • 0.209499 
130 10 1 1968 .437.95 44.00 -2.7258 0.100468 
131 10 2 19·72 437.95 9.34 -1.S785 0.021327 
132 10 3 1978 437.95 6.30 -0.1157 0.014385 
133 12 0 1962 484.32 235.61 • 0.486476 
134 12 1 1964 484.32 188.16 -4.8986 0.388503 
135 12 2 1970 484.32 142.97 -1.5551 0.2951c;J7 
136 12 3 " 1978 484.32 28.96 -2.9425 0.059795 
137 14 0 1962 326.82 2<07.42 • 0.910042 
138 14 1 1964 326.82 235.09 -9.5358 0.719326 
139 14 2 1970 326.82 203.47 -1.6125 0.622575 
140 14 3 1978 326.82 160.07 -1.65c;J9 0.489780 
141 16 0 1964 615.19 304.01 • 0.494173 
142 16 1 1970 615.19 292.27 -0.:H81 0.475089 
143 16 2 1973 615.19 267.47 -1.3438 0.4.34776 
144 16 3 1978 615.19 116.08 -4.9217 0.188690 
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PERlULJ 

o 

o 

1 

1 

2 

2 

3 

3 

TABLE A7. UNUEVELOPEU ACREAGE 

LOC TYPE 

A 

N 

A 

N 

A 

N 

A 

N 

AVERAGE VALUES 

IJU* 

-2.0417 

-1.9163 

-2.4117 

-1.4552 

-1.5840 

-1.6674 

PU 

0.4482 

0.5026 

0.3761 

0.4409 

0.2679 

0.3736 

0.192!:i 

0.3120 

*Changing the signs of the UU values will give values for net overall land 

development. 
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TABLE A8. INDEPENDENT VARIABLES 

-------------------- LOC TYPE= A METRO =BCS --------------------
OBS LOC _NUM PERIOD DPOP TADT ADT D-\DT STAGE 

1 3 0 • 68 590 • • 
2 3 1 9.2079 70 1510 77.966 3 
.3 3 2 4.3606 74 8780 120.364 3 
4 '" :3 1.5782 77 13720 18.755 3 
5 4 0 • 68 4510 • • 
6 4 1 9.2079 70 6140 18.071 .3 
7 4 2 4.~606 75 11980 19.023 3 
8 4 3 1.5782 77 23900 49.750 .3 
9 5 a • 5A 181'30 • • 

10 5 1 0.0891 65 4020 16.261 2 
1 1 5 2 4.7107 70 5560 7.662 2 
12 5 3 3.6927 77 8345 7.156 2 
13 6 0 • 58 4330 • • 14 6 1 0.0347 64 4335 1).019 2 
15 6 2 4.0111 70 4940 1.942 2 
16 6 3 3.6927 77 5150 0.915 2 

-------------------- lac TYPE= A METRO=DFW --------------------
aBS LOC - NUt.! PER 1 0:) DPOP TACH ADT L>ADT STAGE 

17 11 0 • 64 12')00 • • 
18 11 1 10.1076 69 13470 1.5520 3 
19 1 1 2 8.0413 76 22220 9.279 9 3 
20 11 3 8.1353 78 18420 -'3.55J9 3 
21 13 0 • 69 12895 • • 
22 13 1 8.6327 74 14785 2.9314 1 
23 13 2 6.1048 78 16554 2.9912 1 
24 13 3 • • • • 1 
25 15 0 • 63 13200 • • 
26 15 1 4.8225 68 13560 8.1212 2 
27 15 2 11.6303 70 23140 12.3384 2 
28' 15 3 5.3029 78 30280 3.8570 2 
29 17 0 • 59 7870 • • 
30 17 1 2.9639 64 10200 5.9212 2 
31 17 2 1 .7976 71 11310 1.5546 2 
32 17 .3 a.002l 78 13410 2.6')25 2 
33 18 0 • 58 15620 • • 
34 lA 1 2.2538 61 15890 0.5762 2 
35 18 2 2.4234 67 22100 6.5135 2 
36 18 3 0.0021 78 25860 1.5467 2 
37 19 0 • 64 1-7200 • • 
38 19 1 1.0444 68 16725 -0.6904 1 
39 19 2 -2.1316 73 16350 -0.4484 1 
40 19 3 0.1212 78 17333 1.2024 1 
41 20 0 • 64 8000 • • 
42 20 1 1.0444 68 7600 -1.2500 2 
43 20 2 -1.6997 75 15450 14.7556 2 
,44 20 3 1.3435 78 14489 -2.0734 2 
45 21 0 • 63 7348 • • 
46 21 1 12.5853 66 9089 7.8978 2 
47 21 2 12.9448 70 11407 6.3758 2 
48 21 3 1.2108 78 1560.3 4.5981 2 
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TABLE A8. INDEPENDE~T VARIABLES 

-------------------- LaC: TYPE=A METRO=HOU --------------------
aBS LOC:_NUM PERIOD OPOP TADT ADT OADT STAGE 

49 7 0 • 60 13743 • • 50 7 1 3.8449 65 13227 -J.751 1 
51 7 2 3.8142 75 10779 -1 .851 1 
52 7 3 4.5780 78 7480 -10.202 1 
53 9 0 • 62 3566 • • 54 9 1 4.0055 68 15034 53.599 2 
55 9 2 3.1044 72 29467 24.001 2 
56 9 3 4.5446 78 38925 5.349 2 
57 10 u • 64 2742 • • 58 1 0 1 3.4665 68 2604 -1.2582 1 59 10 2 3.1044 72 5402 26.8625 1 6Q 1 0 3 4.5446 78 9417 12.3874 1 ·61 12 0 62 20460 • • 62 12 1 4.4643 64 20880 1.0264 2 63 12 2 3.6158 70 24700 3.0492 2 64 12 3 4.2193 78 /·'-1070 8.2844- 2 n5 14 0 • 62 16208 • • 66 14 1 4.4643 64 22113 18.2163 2 67 14 2 3.6158 70 23654 1.1615 2 68 14 3 4.2193 78 42513 9.9661 2 F;9 16 0 • 64 6506 • • 70 16 1 3.6158 70 14784 21.2061 2 71 16 2 3.0172 73 34870 45.2877 2 72 16 3 4.6003 78 47364 7.1660 2 

-------------------- LOC TYPE=N METRD=BCS -------------------.-

OBS LOC NUM DERIOD DPOP TADT ADT DAOT STAGE 

73 3 0 • 68 • • • 74 3 1 9.2079 70 • • 3 
75 3 2 4.3606 74 5440 • 3 76 3 3 1.5782 77 5190 -1.5319 3 77 4 0 • 68 2810 • • 78 4 1 9.2079 70 2810 0.0000 3 79 4 2 4.3606 75 2807 -0.0214 3 80 4 3 1.5782 77 2830 0.4097 3 81 5 0 • 58 946 • • 82 5 1 0.0891 65 1270 4.8928 2 
83 5 2 4.7107 70 1500 3.6220 2 84 5 3 3.6927 77 4910 32.4762 2 85 6 0 • 58 573 • • 86 6 1 0.0347 64 1071 14.4852 2 87 6 2 4.0111 70 1559 7.5941 2 88 6 3 3.6927 77 2150 5.4156 2 

-------------------- LOC TYPE=N METRD=DFW --------------------

OBS LOC_NUM DERIOD DPOP TADT ADT DADT STAGE 

89 1 1 0 • 64 9440 • • 90 11 1 10. 1076 69 15490 12.8178 3 91 1 1 2 8.0413 76 23080 6.9999 3 92 11 3 8.1353 78 41200 39.2548 3 
93 13 0 • 69 11750 • • 94 13 1 8.6327 74 15580 6.5191 1 95 13 2 6.1048 78 16170 0.9467 1 
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TABLE A8. I NOEPENDEI\jT VAR I ABLES 

-------------------- LOC_ TYPE=N METRJ=DF\\I --------------------
OBS LOC_NUII4 PERIOD DPOP TADT ADT DADT STAGE 
96 13 3 • • • • 1 
97 15 0 • 63 7472 • • 98 15 1 4.8225 68 18290 28.9561 2 
99 15 2 11.6303 70 27000 23.8108 2 

100 15 3 5.3029 78 46690 9.1157 2 
101 17 0 • 59 8236 • • 102 17 1 2.9539 64 6767 -3.5673 2 
103 17 2 1 .7976 71 7450 1.4419 2 
104 17 3 0.0021 78 6138 -2.5158 2 
105 18 0 • 58 9970 • • 106 18 1 2.2538 61 18775 29.4383 2 
107 18 2 2.4234 67 42370 20.945<4-. 2 
lOA 18 3 0.0021 78 79'] 10 13.0546 2 
109 19 0 • 64 11400 • • 110 19 1 1.0444 68 12375 2.1382 1 
1 1 1 19 2 -2.1316 73 12125 -0.4040 1 
1 12 19 3 0.1212 78 14049 3.1736 1 
113 20 0 • 64 18232 • • 114 20 1 1.0444 68 18499 0.3661 2 115 20 2 -1.69<;7 75 19025 0.4062 2 1 16 20 3 1.3435 79 19168 0.2505 2 117 21 0 • 63 16321 • • 118 21 1 12.5853 65 14600 -3.5149 2 119 21 2 12.9448 70 12456 -3.6712 2 120 21 3 1.2108 7A 12085 -0.3723 2 

-------------------- LOC TYPE=N r., E T R 0 = HD U --------------------
OBS LOC NUN! ~ERIOD OPOP TADT ADT 04DT ST AGE 
121 7 0 • 60 8190 • • 122 7 1 3.8449 65 7249 -2.2979 1 123 7 2 3.8142 75 10433 4.3923 1 124 7 3 4.5780 73 10962 1.6901 1 125 9 0 • 62 (~OOO • • 126 9 1 4.0055 68 5397 5.8208 2 127 9 2 3.1044 72 6381 4.5581 2 128 9 3 4.5446 78 7287 2.3664 2 129 1 0 0 • 64 10813 • • 130 1 0 1 3.4(,65 68 11437 1.4427 1 131 10 2 3. 1044 72 14849 7.4582 1 132 1 0 3 4.5446 78 18668 4.2865 1 133 12 0 • 62 • • • 134 12 1 4.4643 64 • • 2 135 12 2 3.6158 70 11049 • 2 136 12 3 4.2193· 78 39904 32.6444 2 137 14 0 • 62 • • • 138 14 1 4.4643 64 • • 2 139 14 2 3.6158 70 • • 2 140 14 3 4.2193 78 34813 • 2 141 16 0 • 64 2629 • • 142 16 1 3.6158 70 10000 46.7288 2 143 16 2 3.0172 73 11815 6.0500 2 144 16 3 4.6003' 78 20095 14.0161 2 
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TABLE A9. BEFORE-AFTER COMPARISCN OF RATES OF DEVELOPMENT 

-------------------~------ LOC_TYPE=A ~~~--------------~--~----
OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

LOC_NUM 

3 
4 
5 
6 
1 
9 

10 
1 1 
12 
14 
15 
16 
17 
18 
19 
20 
21 

R_ORS13 

SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTE.R 
FASTER 

R_ORM13 

SLJWER 
SLOWER 
SLOWER 
FASTER 
SLJWER 
SLOWER 
SLOWER 
SLOwER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SL:JWER 
SL.OWER 

R_DC13 

FASTER 
FASTER 
SLO~ER 
SLOWER 
SLOlilER 
SLO'fiER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLO\t,ER 
FASTER 

R_OP13 

SLOWER 
SLOWER 
FASTE" 
SLOYJER 
SLOWER 
SLOWER 
SLOWER 
SLOWE" 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWEH 
SLOWER 
FASTER 

R_OSRI3 

SLOwER 
SLOWER 
SLOWER 
SLOYJER 
SLOWER 
SLO~ER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLO\!lER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 

R_OUI3 

SLOWER 
SLCJWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 

---------------------~---- LOC_TYPE=N .-~-----------~--------~--
OBS 

18 
19 
20 
21 
22 
23 
24-
25 
26 
27 
28 
29 
30 
31 
32 
3·3 
34 

LOC_NUM 

3 
4-
5 
6 
7 
9 

10 
11 
12 
14-
15 
16 
17 
18 
19 
20 
21 

R_DRS13 

FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 

R_DRM13 

FASTER 
FASTER 
FASTER 
FASTER 
FASTER 
S:..:JWER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOwER 
FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
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R_DC13 

FASTER 
FASTER 
FASTER 
FASTER 
SLOliWER 
SLm.ER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLO'tcER 
FASTER 
FASTER 
FASTER 
FASTER 

R_DP13 

FASTER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLO~ER 
FASTER 
FASTER 
SLOWER 
FASTEfO 
SLOWER 
FASTER 

R_DSR13 

SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 

R_DU13 

FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 



TABLE AIO. PREDICTIVE FACTORS FOR BEFORE-AFTER COMPARISON 

-------------------------- LOC_TYPE=A --------------------------

08S 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 

LOC_NUM 

3 
4 
5 
6 
7 
9 

10 
1 1 
12 
14 
15 
16 
17 
19 
1 9 
21 
21 

R_DPOP13 

SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 

METRO 

BCS 
BCS 
BCS 
f3CS 
HOU 
HOU 
HOU 
DFW 
HOU 
HOU 
DFW 
HOU 
DFW 
DFW 
DFW 
DFW 
DFW 

STAGE 

3 
3 
2 
2 
1 
2 
1 
3 
2 
2 
2 
2 
2 
2 
1 
2 
2 

R_DAOT13 

SLOWER 
FASTER 
SLO'l/ER 
FASTER 
SLOWER 
SLOWER 
FASTER, 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 

-------------------------- LOC TYPE=N --------------------------

OBS 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

3 
4 
5 
6 
7 
9 

10 
11 
l~ 
14 
15 
16 
17 
18 
19 
20 
21 

SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
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METRO 

BCS 
Bes 
Bes 
BCS 
HOU 
HOU 
HOU 
DF\'J 
HOU 
HOU 
DFW 
HOU 
DFW 
DFW 
DFW 
DFW 
DFW 

STAGE 

3 
3 
2 
2 
1 
2 
1 
3 
2 
2 
2 
2 
2 
2 
1 
2 
2 

R_DADT13 

FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 



TABLE A12. PREDICTIVE FAC TORS FOR BEFORE-DURING COMPA RI SON 

-------------------------- LOC_ TYPE=A --------------------------
OBS LOC -NJ'4 R _ODOPI2 ~ETRO STAGE R DADT12 

1 3 SLOWER BCS 3 FASTER 2 4 SLOWER BCS 3 FASTER 3 5 FASTER RCS 2 SLOWER 4 6 FASTER BCS 2 FASTEK 5 7 SLOWER H:JU 1 SLOWER 6 g SLOWER HOU 2 3LO WER 7 10 SLOWER HOU 1 FASTER 8 1 1 SLOWER DFW 3 FASTER 9 12 SLOWER HQU 2 FASTER 10 13 SLOWER DFW 1 FASTER 1 1 14 SLfJi'iER HOU 2 SLOWER 12 15 FASTER ,)F W 2 FASTER 13 16 SLOW:='R HOU 2 FASTER 14 1 7 SLOWER DFW 2 SLOWER 15 18 FASTER DFW 2 FASTER 
16 19 SLmvER DFW 1 FASTER 17 20 SLOhER [)FW 2 FASTER IR 21 FASTER DFW 2 SLOWER 

-------------------------- LOC_TYPE=N --------------------------
aRS LOC - NJM F~ - 0 0 0 0 12 METRO STAGE R_DADT12 
19 3 SLOWER Bes "3 SLOWER 20 4 SLOWER Bes 3 SLOWER 21 5 FASTER RCS 2 SLOWER 22 6 FASTER BCS 2 SLOWER 23 7 SLOWER HOt} 1 FASTER 24 9 SLOWER HOU 2 SLOWER 25 1 0 SLOWER HOU 1 FASTER 26 1 1 SLOWER DFW 3 SLOWER 27 12 SLOWER HOt) 2 SLOWER 2.8 13 SLOWER DFW 1 SLOWER 29 14 SLOWER HOU 2 SLOWER 30 15 FASTER DFW 2 SLOWER 31 16 SLOWER HOU 2 SLOWER 
32 17 SLOWER DFW 2 FASTER 33 18 FASTER DFW 2 SLOWER 34 19 SLOWER DFW 1 SLOWER 35 20 SLm~ER DFW 2 FASTER 36 21 FASTER DFW 2 SLOWER 
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TABLE All. BEFORE-DURING COMPARISON OF RATES OF DEVELOPMENT 

-~---~-~--~-------------- LOC_TYPE=A ----------~------------~--
OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
'13 
14 
15 
16 
17 
18 

LOC_NUM 

3 
4 
5 
6 
7 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

R_DRSI2 

SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLO\llER 
SLOWER 
FASTER 

R_DRMI2 

FASTER 
SLJWER 
FASTER 
SL:JWER 
SLOWER 
FASTER 
SLJWER 
SLOWER 
SLJWER 
SLOWER 
SLilWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SL:JWER 

R_DC12 

SLO'lllER 
FASTER 
FASTER 
FASTER 
SLO'lllER 
SLOaER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOwER 
SLOWER 
SLOWER 
F4STER 

R_DPI2 

FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 

R_DSRI2 

SLCWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 

. SLOWER 
SLOWER 

R_DUI2 

FASTER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 

---~-----~-~-~----~------- LOC_TYPE=N ---------~----------------
aBS 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

LOC_NUM 

3 
4 
5 
6 
7 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

R_DRSI2 

FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 

R_ORMI2 

FASTER 
FASTER 
FASTER 
SLOWER 
SLJWER 
FASTER 
FASTER 
FASTER 
SLJWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
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R_OC12 

SLO'liER 
FASTER 
FASTER 
FASTER 
SLOIIER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
FASTER 
SLO'lflER 
FASTER 
FASTER 
FASTER 
FASTER 

R_DP12 

FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER· 
·SLOWER 
FAS·TER 

R_DSR12 

SLOWER 
SLOWER 
FASTEf.l 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
FASTER 
SLO'lllER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER. 
SLOWER 
FASTER 
SLOWER 

R_QUI2 

FASTER 
FAST ER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 



TABLE 413. DURING-AFTER COMPARISON CF RATES OF DEVELOPMENT 

--------~---~--------~--- LOC_TYPE=A ---------_~ ______ ~ ______ _ 

:JBS 

1 
2 
3 
4-
5 
6 
7 
8 
9 

10 
11 
12 
13 
14-
15 
16 
17 

LOC NlJM 

3 
4 
5 
6 
7 
9 

10 
1 1 
12 
14 
15 
16 
17 
18 
19 
20 
21 

R_DRS2.3 

SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 

R_ORM23 

SLOWER 
SLOWER 
SLJWER 
FASTER 
S_OWER 
SLOWER 
SLOWER 
SL)WE~ 
SLOWER 
FASTER 
FASTER 
FASTER 
SL:JWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 

R_DC2.3 

FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTeR 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 

R_OP23 

SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 

R_OSR23 

SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 

R_DU23 

SLOWER 
SLOWER 
SLO"WER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 

----------------------~--- LOC_TYPE=N ---------________________ _ 
:lBS 

18 
19 
20 
21 
22 
23 
24-
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

LOC_NUM 

3 
4-
5 
6 
7 
9 

10 
1 1 
12 
14 
15 
16 
17 
18 
19 
20 
21 

R_DRS23 

FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 

R_ORM23 

FASTER 
FASTER 
SLO WER 
FASTER 
FASTER 
SLJWER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 

R_OC23 

FASTER 
SLOIilER 
SLOWER 
SLOWER 
SLO .. ER 
SLOWER 
F ASl"ER 
SLOWER 
FASTER 
SLO"ER 
SLOWER 
FASTER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLO_ER 
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R_OP23 

FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOwER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 

R_OSR23 

SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 

R_DU23 

FASTER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
FASTER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 



TABLE A14. PREJICTIVE FACTORS FOR ~URING-AFTER COMPARISON 

-------------------------- LOC_TYPE=A ------------------_______ _ 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 

LOC_NUM 

3 
4-
5 
6 
7 
9 

10 
1 1 
12 
14-
15 
16 
17 
1 '3 
19 
20 
21 

R_DPOP23 

SLOWER 
SLOWE:R 
SLOWER 
SLOWE:R 
FASTER 
FASTER 
FASTER 
FASTER 
FASTER 
FASTER 
SLQI.'1E R 
FASTER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOW'::R 

METRO 

BCS 
BCS 
BCS 
BCS 
HOU 
HOU 
HOU 
DFW 
HOU 
HOU 
OFW 
HOU 
;)FW 
DFW 
OFW 
DFvi 
OFW 

STAGE 

3 
3 
2 
2 
1 
2 
1 
3 
2 
2 
2 
2 
2 
2 
1 
2 
2 

R DADT23 

SLOWER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 
SLOWER 
SLOWER 

-------------------------- LOC_TYPE=N -------------------______ _ 
DRS 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

LOC_NJM 

3 
4-
C; 
6 
7 
9 

10 
1 1 
12 
14-
15 
16 
17 
18 
19 
20 
21 

R_DPOP23 

SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
F A5TER 
>= ASTE R 
FASTER 
FASTER 
SLOWER 
F ASTFR 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
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METRO 

BCS 
FlCS 
8CS 
BCS 
HOU 
HOU 
HOIJ 
DFW 
HOU 
HOU 
OFW 
HOU 
DFW 
D'::W 
OFW 
DFW 
DFW 

STAGE 

3 
3 
2 
2 
1 
2 
1 
3 
2 
2 
2 
2 
2 
2 
1 
2 
2 

R_DADT23 

FASTER 
FASTER 
FASTER 
SLOWER 
SLOWER 
SLOWER 
SLOWER 
FASTER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
SLOWER 
FASTER 
SLOWER 
FASTER 



TABLE A15. SIGNIFICANCE TEST. BEFORE-AFTER CCMoARISON 

TABLE OF R_DRS13 BY METRO 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT BCS 

METRO 

IDFW JHOU 
-.---.-----~+-------.. -+--~-.. -~-+-------_.+ FASTER 1 7 2 

2.4 4.1 3.!: 
0.8 2.0 0.7 

2.94 20.59 5.88 
10.00 70.00 20.00 
12.50 50.00 16.67 

---~---~-+~----~--+--------+~-------+ SLOWER 7 7 10 
5.6 - 9.9 8.5 
0.3 0.8 0.3 

20.59 20.59 29.41 
29.17 29.17 41.67 
87.50 50.00 83.33 

--~~-----+--------+-~------+~-------+ TOTAL 8 
23.53 

14 
41.18 

12 
35.29 

STATISTICS FOR 2-'fJAY TABLES 

TOTAL 

10 

29.41 

24 

70.59 

34* 
100.00 

WARNING: OVER 5% OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFIC1ENT 
CRAMER-S V 
LIKELIHOOD RATIO CHISQUARE 

* Location 13 omitted. 
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4.899 
0.380 
0.355 
0.380 
4.944 

OF= 

OF: 

2 PROB=0.0863 

2 PROB=0.0844 



TABLE A15. SIGNIFICANCE TEST. BEFORE-AFTER COMPARISON 

TABLE OF R_ORM13 BY LOC_TYPE 

R_DRM13 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT A 

FASTER 

LOC_TYPE 

4 
8.5 
2.4 

11.76 
23.53 
23.53 

13 
8.5 
2.4 

38.24 
76.47 
'16.47 

~--------+--------+--------+ SLOWER 13 
8.5 
2.4 

38.24 
76.47 
76.47 

4 
8.5 
2.4 

11.76 
23.!:~ 
23.53 

---------+-~------+--------+ TOTAL 17 
50.00 

17 
50.00 

TOTAL 

17 

50.00 

17 

50.00 

34* 
100.00 

STATISTICS FOR 2-~AY TABLES 

CHI-SQUARE 
PHI 
CONTINGENCV COEFFICIENT 
CRAMER'S II 
LIKELIHOOD RATIO CHIsaUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted. 

103 

9.529 
-0.529 

0.468 
0.!:29 

10.034 
9.f47 

OF:: 1 

OF:: 1 
DF::: 1 

PROB=O .0020 

PROB=0.OO15 
PROB=O.OO19 



TABLE A15. SIGNIFICANCE TEST. BEFORE-AFTER CGMPARISON 

TABLE OF R_DCI3 BY LOC_TYPE 

R_DCI3 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT A 

LOC_ TYPE 

IN 
--~~-----+-----~~-+--------+ FASTER 6 

8.5 
0.7 

17.65 
35.29 
35.29 

11 
8.5 
0.7 

32.35 
64.71 
64.71 

---~-----+~-------+-----~--+ SLOWER 11 
8.5 
0.7 

32.35 
64.71 
64.71 

6 
8.5 
0.7 

17.€5 
3~.29 
35.29 

~---~---~+~------+---~----+ TOTAL 17 
50.00 

17 
50.00 

TOTAL 

17 

50.00 

17 

50.00 

34* 
100.00 

STATISTICS FOR 2-aAY TABLES 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFIC~ENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted 
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2.941 
-0.294 

0.282 
0.294 
2.98~ 
3.059 

OF.:: 1 

OF:: 1 
OF::: 1 

PROB::0.0863 

PROB::0.0840 
PROB=O.0803 



TABLE A15. SIGNIFICANCE TEST. BEFORE-AFTER CCMPARISON 

TABLE OF R_OCI3 BY METRO 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROI/PCT 
COL PCT BCS 

METRO 

IDFW IHOU 

---------+~----~--+-----~~~+~-------+ FASTER 6 8 .3 
4.0 7.0 6.0 
1.0 0.1 1 .5 

17.65 2.3.5·3 8.82 
35.29 47.06 17.65 
75.00 57.14 25.00 

---------+--~~---+~-----~-+-----~--+ SLOWER 

TOTAL 

2 
4.0 
1.0 

5.88 
11.76 
25.00 

8 
23.53 

6 
7.0 
0.1 

17.65 
35.29 
42.86· 

14 
41.18 

9 
6.0 
1.5 

26.47 
52.94 
·75.00 

12 
35.29 

STATISTICS FOR 2-wAY TABLES 

TOTAL 

17 

50.00 

17 

50.00 

34* 
100.00 

WARNING: OVER 5% OF THE CELLS HAVE EXPECTED COUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE ~AY NOT BE A VALID TEST. 

CHI-SQUARE 
PHI 
CONTINGENCV COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISaUARE 

* Location 13 omitted. 

105 

5.28f 
0.394 
0.367 
0.394 
5.519 

OF= 

OF= 

2 PROB=0.0712 

2 PROB=O. 0633 



TABLE A15. SIGNIFl~ANCE TEST. BEFORE-AFTER COMPARISON 

TABLE OF R_DP13 BY R_DU13 

R_DPI3 

FREQUENCY 
EXPECTED 
CELL CH.12 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOWER 

---------+--------+--------+ FASTER 8 
4.2 
3.4 

23.53 
72.73 
61.54 

3 
6.8 
2.1 

8.82 
27.27 
14.29 

---------.-~------+--------+ SLOWER 5 
8.8 
1.6 

14.71 
21.74 
38.46 

18 
14.2 
1.0 

52.94 
78.2t 
85.71 

-~-------+--~-----+~----~-+ TOTAL 13 
38.24 

21 
61.76 

TOTAL 

11 

23 

67.65 

34* 
100.00 

STATISTICS FOR 2-_AY TABLES 

WARNING: OVER 5X OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 8.192 OF= 1 PROB=0.0042 PHI 0.491 
CONTINGENCY COEFFICIENT 0.441 
CRAMER·S V 0.491 
LIKELIHOOD RATIO CHISQUARE 8.258 OF: 1 PRCB=0.0041 CONTINUITY ADJ. CHI-SQUARE 8.155 OF= 1 PROB=0.0043 

* Location 13 omitted. 
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TABLE A15. SIGNIFICANCE TEST. BEFORE-AFTER CCMPARISON 

TABLE 3F R_DSRI3 BY R_DRSI3 

R_DSR13 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOwER I TOTAL 

--~---~--.--------+~-----~-+ FASTER 4 
1.8 
2.8 

11.16 
66.67 
40.00 

2 
4.2 
1 .2 

5.88 
33.~:3 

8.33 

---------T------~-+----~~-~+ SLOWER 6 
8.2 
0.6 

17.65 
21.43 
60.00 

22 
19.8 
0.3 

64.71 
78.57 
q 1.67 

---~-----+--------+----~---+ TOTAL 10 
29.41 

24 
70.59 

6 

17.65 

28 

82.35 

34* 
100.00 

STATISTICS FOR 2-~AY TABLES 

WARNING: OVER 5X OF THE CELLS HAVE EXPECTED COUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted. 

4.871 
0.378 
0.354 
0.:378 
4.460 
4.534 

107 

OF: 1 PROB=O.0273 

OF= 1 PROB=O.0347 
OF::: 1 PROB=O.0332 



TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DRS12 BY R_DADT12 

CHI-SQUARE 
PHI 
CONTINGENCY 
CRAMER'S V 
LIKELIHOOD 
CONTINUITY 

R_DRSI2 

FREQUENCY 
EXPECTED 
CELL CHl2 

PERCENT 
ROW PCT 
COL PCT FASTER ISLO~ER 

------~--+--~-----+------~-+ FASTER 3 
5.3 
1.0 

8.33 
25.00 
18.75 

9 
6.7 
0.8 

25.00 
75.00 
45.00 

--~--~---+-------~+--------+ SLOWER 13 
10.7 

0.5 
36.11 
54.17 
81.25 

1 1 
13 • .3 
0.4 

30.56 
45.S.3 
55.00 ---------+--------+--------+ TOTAL 16 20 

44.44 55.56 

TOTAL 

12 

33.33 

24 

66.67 

36 
100.00 

STATISTICS FOR 2-\1iAY TABLES 

2.756 DF= 1 
-0.277 

COEFFICIENT 0.267 
0.277 

RATIO CHISQUARE 2.B61 DF= 1 
ADJ. CHI-SQUARE 2.927 DF= 1 
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PROB-=0.0969 

PROB-=0.0908 
PROB=0.0871 



TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DRMI2 BY LOC_TYPE 

R_ORMI2 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT A 

LOC_TYPE 

IN 
--------~+------~-+--~~----+ FASTER 4-

7.5 
1.6 

11 .1 1 
26.67 
22.22 

1 1 
7.5 
1.6 

30.56 
73.33 
61.11 

-------~-+--------+--------+ SLOWE~ 14-
10.5 
1.2 

38.89 
66.67 
77.78 

7 
10.~ 
1.2 

1<;.44 
33.33 
..38.89 

--~------+--------+--------+ TOTAL 18 
50.00 

18 
50.00 

TOTAL 

15 

41.67 

21 

58.33 

36 
100.00 

STATISTICS FOR 2-~AY TABLES 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFICIENT 
CRAMER·S V 
L(KELIHOOD RATIO CHISQUARE 
CONTINU[TY ADJ. CHI-SQUARE 
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5.600 
-0.3;4-

0.367 
0.394-
5.776 
5.714 

DF= 

OF:: 
OF= 

1 PROB=0.0180 

1 PROB=0.0163 
1 PR09=0.0168 

# 



TABLE A16. SIGNIFIC4NCE TEST. BEFORE-DURING CCMPARISON 

T ",aLE OF R_DRMI2 8Y R_DADTI2 

CHI-SQUARE 
PHI 
CONTINGENCY 
CRAMER·S V 
LIKELIHOOD 
CONTINUITY 

R_DRMI2 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOWER 

--~----~-+----.. -.. ~+---------+ TOTAL 

15 FASTER 4-
6.7 
1.1 

11.11 
26.67 
25.00 

11 
8.3 
0.9 

30.56 
13.33 
55.00 

---------+--------+---~~~~~+ SLOWER 12 
9.3 
0.8 

33.33 
57.14-
15.00 

9 
11.7 
0.6 

25.00 
42.86 
45.00 

--~---~--+-~---~--+------~-+ TOTAL 16 20 
44.44 55.56 

41.67 

21 

58.33 

36 
100.00 

STATI ST ICS FOR 2-WAY TABLES 

3.291 DF= 1 
-0.302 

COEFFICIENT 0.289 
0.302 

R"TIO CHtSQU"RE 3.382 DF= 1 ADJ. CHI-SQUARE 3.430 DF= 1 
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PROB=0.0696 

PROB=0.0659 
PROB=0.0640 



T4BLE 416. SIGNIFIC4NCE TEST. 8EFGHE-DURING COMPARISON 

T4BLE OF R_DCI2 BY LOC_TYPE 

CHI-SQU4RE 
PHI 
CONTINGENCY 
CRAMER'S V 
LIKELIHOOD 
CONTINUITY 

R_DC12 

FREQUENCY 
EXPECTEe 
CELL CHI2 

PERCENT 
ROW PCT 
COL ~CT 4 IN 
---------+--------+----~~-~+ F4STER 8 

10.5 
0.6 

22.22 
38.10 
44.44 

13 
10.5 
0.6 

36.11 
61.'90 
72.22 

-------~-+--------+~-----~-+ SLOWER 10 
7.5 
0.8 

27.78 
66.67 
55.56 

5 
7.5 
o.e 

1:3.89 
33.3.3 
27.78 

--~-~-~--+--.-----+~-------+ TOTAL 18 18 
50.00 50.00 

TOTAL 

21 

58.33 

15 

41.67 

36 
100.00 

STATISTICS FOR 2-\IIAY TABLES 

2.E57 OF= 1 
-0.282 

COEFF(CIENT 0.271 
0.282 

RATIO CHISQU4RE 2.901 OF= 1 
40J. CHI-SQUARE 2.971 DF= 1 
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PROB:::O. 091 0 

PROB=0.0885 
PROB=0.0847 



TABLE 416. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DCI2 BY R_DPOP12 

R_DCI2 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER lSLO\1lER ---------+-------.. +~---~-.--+ FASTER 9 

5.8 
1.7 

25.00 
42.86 
90.00 

12 
15.2 
0.7 

33.33 
57.14 
46.15 

-~~----~-+---~----+--.-~---+ SLOWER 

TOTAL 

1 
4.2 
2.4 

2.78 
6.67 

10.00 

10 
27.78 

14 
10.8 
0.9 

38.89 
93.33 
53.e5 

26 
72.22 

TOTAL 

21 

58.33 

15 

41.67 

36 
100.00 

STATISTICS FOR 2-WAY TABLES 

WARNING: OVER 5~ OF THE CELLS HAVE EXPECTED COUNTS LESS THAN 5. 
TABLE IS SO SPARSE TH4T CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 5.713 DF= 1 PR08=0.0168 
PHI 0.398 
CONTINGENCY COEFFICIENT 0.370 
CRAMER'S V 0.398 
LIKELIHOOD RATIO CHISQUARE 6.!:11 OF: 1 PROB-=0.0107 
CONTINUITY ADJ. CHI-SQUARE 5.989 OF: 1 PR08=O.0144 
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TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DP12 EY R_DRSI2 

R_DP12 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOWER 

-----~-~-+~----~-~+--~---~-+ FASTER 6 
3.7 
1.5 

16.67 
54-.55 
50.00 

5 
7.3 
0.7 

13.Eq 
45.45 
20.83 - .. -------+-------+ --- -- --_.+ 

SLOWER 6 
8.3 
0.7 

16.67 
24.00 
50.00 

19 
16.7 
0.3 

52.78 
76.00 
79.17 

---------+--------~--------+ TOTAL 12 
33.33 

24 
66.67 

TOTAL 

11 

30.56 

25 

69.44 

36 
100.00 

STATISTICS FOR 2-~AY TABLES 

WARNING: OVER 5X OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SaUARE ~AY NOT BE A VALID TEST. 

CHI-SQUARE 3.207 OF= 1 PROB=0.0733 
PHI 0.298 
CONTINGENCY COEFFICIENT 0.286 
CRAMER'S V a .2<;; 8 
LIKELIHOOD RATIO CHISQUARE 3.117 DF= 1 PROB=().0775 
CONTINUITY ADJ. CHI-SQUARE 3.176 DF= 1 PROB=0.0747 
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TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DP12 BY R_DUI2 

CHI-SQUARE 
PHI 
CONTINGENCY 
CRAMER'S V 
LIKELIHOOD 
CONTINUITY 

R_DPI2 

FREQUENCY 
EXPECTED 
CEl.L CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOWER 

-~-------+------~-+--------+ FASTER 9 
5.5 
2.2 

25.00 
81.82 
50.00 

2 
5.E 
2.2 

5.56 
18.18 
11.11 ---------+--------+--------+ SLOWER 9 

12.5 
1.0 

25.00 
36.00 
50.00 

16 
12.5 
1.0 

44.44 
f4.00 
88.89 

---------+-------~+-~---~~-+ TOTAL 18 
50.00 

18 
50.00 

TOTAL 

11 

30.56 

25 

69.44 

36 
100.00 

STATISTICS FOR 2-~AY TABLES 

6.415 OF= 1 
0.422 

COEFFICIENT 0.389 
0.422 

RATIO CHISQUARE 6.805 OF= 1 
ADJ. CHI-SQUARE 6.545 OF.:: 1 
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PROB:::0.0113 

PROS-=0.0091 
PROB=O. 01 05 



TABLE A16. SIGNIFICANCE TEST. EEFORE-DURING COMPARISON 

TABLE OF R_DSR12 BY R_DRM12 

R_DSRI2 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER JSLOWER J TOTAL 

---------+-------~+--~-~--~+ FASTER 7 
4.2 
1.9 

19.44 
70.00 
46.67 

3 
5.8 
1.4 

8.33 
~O.OO 
14.29 

---------+------~-+--------+ SLOWER 8 
10.8 
0.7 

22.22 
30.77 
53.33 

18 
15.2 
0.5 

50.00 
69.23 
85.71 

---------+---~----+--------+ TOTAL 15 
41.67 

21 
58.33 

10 

27.78 

26 

72.22 

36 
100.00 

STATISTICS FOR 2-WAY TABLES 

.ARNING: OVER 5X OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 4.573 OF:: 1 PROS=O .0325 
PHI 0.356 
CONTINGENCY COEFFICIENT 0.336 
CRAMER'S V 0.356 
LIKELIHOOD RATIO CHISQUARE 4.588 OF:: 1 PROS"=O.0322 
CONTINUITY ADJ. CHI-SQUARE 4.596 OF:: 1 PR08=0.0320 
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TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING COMPARISON 

TABLE OF R_DU12 BY METRO 

R_DUI2 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW peT 
COL PCT BCS 

METRO 

JOFW I HCU ---------+ .-..-------+---------+.,.. ---_.----+ 
FASTER 7 8 3 

4.0 8.0 6.0 
2.3 0.0 1.5 

19.44 22.22 8.33 
38.89 44.44 16.67 
87.50 50.00 25.00 ---------+-------_ ...... _---_ ... -+-----_ .. _-+ 

SLOWER 1 8 9 
4.0 8.0 6.0 
2.3 0.0 1 .5 

2.78 22.22 25.00 
5.56 44.44 50.00 

12.50 50.00 75.00 ------___ + _____ 41_.- + _______ ._ + _________ + 
TOTAL 8 

22.22 
16 

44.44 
12 

33.33 

STATISTICS FOR 2-WAY TABLES 

TOTAL 

18 

50.00 

18 

50.00 

36 
100.00 

_ARNING: OVER 5X OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE ~AY NOT BE A VALID TEST~ 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
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7.500 
0.456 
0.415 
0.456 
8.202 

OF= 2 PROB=0.0235 

OF= 2 PROB=0.0166 



TABLE A16. SIGNIFICANCE TEST. BEFORE-DURING CCMPARISON 

TABLE OF R_DUI2 BY STAGE 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 

STAGE 

COL PCT 1 I 2 J 3 TOT AL 

-~-~----+---~----+-----~--+--------+ FASTER 1 13 4: 
4.0 11.0 3.0 
2.3 0.4 0.3 

2.78 36.11 11 .11 
5.56 72.22 22.22 

12.50 59.09 66.67 ---------+--------+-.. ---.. -~+-.--~---+ SLOWER 7 
4.0 
2.3 

19.44-
38.89 
87.50 

9 
.J..l.0 
0.4 

25.00 
50.00 
40.91 

2 
3.0 
0.3 

5.56 
11.11 
33.33 

---------+--------+--------+~----~--+ TOTAL 8 
22.22 

22 
61.11 

6 
16.67 

STATISTICS FOR 2-WAY TABLES 

18 

50.00 

18 

50.00 

36 
100.00 

WARNING: OVER 5% OF THE CELLS HAVE EXPECTED COUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE ~AY NOT BE A VALID TEST. 

CHI-saUARE 
PHI 
CONTINGENCY COEFFIC~ENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
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5.894 
0.405 
0.375 
0.405 
6.47.3 

OF= 2 PROB=0.0525 

OF= 2 PROB=O. 0393 



TABLE A17. SIGNIFICANCE TEST. DURING-AFTER COMPARISON 

TABLE OF R_DRM23 EYLOC_ TYPE 

R_DRM23 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW peT 
COL peT A 

LOC_TYPE 

--~-~----+--------+-----~--+ FASTER 4 
7.0 
1.3 

11.76 
2B.57 
23.53 

10 
7.0 
1 .3 

29.41 
71 .4.3 
58.e2 

-----~---+--------+------~-+ SLOWER 13 
10.0 
0.9 

38.24 
65.00 
76.47 

7 
10.0 
0.9 

2C.S9 
35.00 
41.18 

----~----+--------+--------+ TOTAL 17 
50.00 

17 
50.00 

TOTAL 

14 

41.18 

20 

58.82 

34* 
100.00 

STATISTICS FOR 2-WAY TABLES 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted. 
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4.371 
-0.359 

0.338 
0.~59 
4.485 
4.493 

OF= 1 

DF= 1 
OF= 1 

PROB::0.0365 

PROB=0.0342 
PROB=0.0340 



TABLE A17. SIGNIFICANCE TEST. O~RING-AFTER CCMPARISON 

TABLE OF R_OC23 BY R_OPOP23 

R_OC23 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER ISLOWER 

~~-------.~------~+~~-~-~~-+ FASTER 12 
9.0 
1.0 

35.29 
70.59 
66.67 

5 
8.0 
1 .1 

t 4.11 
29.41 
31.25 

-----~---+----~---+----~-~-+ SLOWER 6 1 1 
9.0 8.0 
1.0 1 • 1 

17.65 32.35 
35.29 f4.71 
33.33 6S.75 

---------+--------+-----~--+ TOTAL 18 16 
52.94 47.06 

TOTAL 

17 

50.00 

17 

50.00 

34* 
100.00 

STATIST ICS FOR 2-WAY TABLES 

CHI-SQUARE 4.250 OF= 1 PHI 0.354 
CONTINGENCY COEFFICIENT 0.333 
CRAMER'S \I 0.354 
LIKELIHOOD RATIO CH,ISQUARE 4.345 OF= 1 
CONTINUITY ADJ. CHI-SQUARE 4.368 OF= 1 

* Location 13 omitted. 
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PROB=0.039.3 

PROB=0.0371 
PROB=0.0366 



TABLE A17. SIGNIFICANCE TEST, DU~ING-AFTER COMPARISON 

TABLE OF R_DP23 BY R_OADT23 

R_DP23 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL peT FASTER I SLO~ER 

---------+-~-----~+~~-~--~-+ FASTER 5 
3.1 
l.2 

14.71 
62.50 
38.46 

3 
4.~ 
0.8 

8.82 
37.!:O 
14.29 

---------+--------+---~~-~-+ SLOWER 8 
9.9 
0.4-

23.53 
30.77 
61.54 

18 
16.1 

0.2 
52.94 
69.23 
85.71 

--~------+--------+--------+ TOTAL 13 
38.24 

21 
61,76 

TOTAL 

8 

23.53 

26 

76.47 

34 * 
100.00 

STATISTICS FOR 2-~AY TABLES 

WARNING: OVER 5% OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE MAY NOT BE A VALID TEST. 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFIC~ENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted. 

2.€08 
0.277 
0.267 
0.277 
2.552 
2.614 
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OF= 1 PROB=0.1063 

DF= 1 PROB=0.1101 
OF= 1 PROB=0.1059 



TABLE A17. SIGNIFICANCE TEST. DURING-AFTER COMPARISON 

TABLE OF R_DSR23 8Y R_DRM23 

R_DSR23 

FREQUENCY 
EXPECTED 
CELL CHI2 

PERCENT 
ROW PCT 
COL PCT FASTER I SLOWER I TOTAL ----------+--------+-_ ...... _---+ 

FASTER 5 
2.9 
1.5 

14.71 
71.43 
35.71 

2 
4. • 1 
1 .1 

E.ee 
28.57 
10.00 ---... -----+~----.. --+---... -.---+ SLOWER 9 

1 1. 1 
0.4 

26.47 
33.33 
64.29 

18 
15.~ 
0.3 

52.94 
~~.~7 
90.00 ---------+--------+--------+ TOTAL 14 

41.18 
20 

58.82 

7 

20.59 

27 

79.41 

34* 
100.00 

STATISTICS FOR 2-~AY TABLES 

WARNING: OVER 5X OF THE CELLS HAVE EXPECTED CCUNTS LESS THAN 5. 
TABLE IS SO SPARSE THAT CHI-SQUARE ~AY NOT BE A VALID TEST. 

CHI-SQUARE 
PHI 
CONTINGENCY COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISQUARE 
CONTINUITY ADJ. CHI-SQUARE 

* Location 13 omitted. 
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3 • .331 
0.313 
0.29~ 
0.313 
3.322 
3.353 

DF= 1 PROB=0.0680 

OF= 1 PROB=0.0684 
DF= 1 PROB=O.0671 



TABLE 417. SIGNIFICANCE TEST. OU~ING-AFTER COMPARISON 

TABLE OF R_O~23 B~ R_OPOP23 

R_DU23 

FREQUENCY 
EXPECTED 
CELL CH12 

PERCENT 
ROW peT 
COL peT FASTER ISLO~ER 

---~--~--+--------+~-------+ FASTER 10 
7.4 
0.9 

29.41 
71.43 
55.56 

4 
6.6 
1.0 

11.76 
2E.57 
25.00 

-~-------+~-------+-----~--+ SLOWER 8 
10.6 

0.6 
23.53 
40.00 
44.44 

12 
9.4 
0.7 

35.29 
60.00 
75.00 -_ ... _-----+-------+------- --+ 

TOTAL 18 
52.94 

16 
47.06 

TCTAL 

14 

41.18 

20 

58.82 

34* 
100.00 

STATISTICS FOR 2-wAY TABLES 

CHI-SQUARE 
PHI 
CONTtNGENCY COEFFICIENT 
CRAMER'S V 
LIKELIHOOD RATIO CHISaUARE 
CONTINUITY ADJ. CHI-SQUARE 

*Location 13 omitted. 

3.265 
0.310 
0.296 
0.310 
3.344-
3.4-00 
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OF: 1 

OF: 1 
OF= 1 

PROB=0.0708 

PROB=0.0674 
PROB=0.0652 



TABLE AlB. TVPE OF MEDIAN TREATMENT AT EACH LOCATION 

OBS LOC - NUM TL CLT RMED D 

1 -3 1 0 0 NONE 
2 4- 1 1 0 L T LANE 
3 5 1 0 0 NONE 
4- 6 1 0 0 NONE 
5 7 1 0 0 NCNE 
6 9 1 0 1 R MEDIAN -7 10 1 0 1 R MEDIAN -8 1 1 1 1 0 L T LANE 
9 12 1 0 1 R -MEDIAN -10 13 1 1 0 L T LANE-

1 1 14- 1 0 1 R - MEDIAN 
12 15 0 1 0 • 
13 16 1 0 1 R MEDIAN 
1 4- 17 1 1 0 L=T_LANE 
15 18 1 0 1 R MEDIAN 
16 19 1 1 0 L T LANE 
17 20 1 1 0 L-T-LANE 
18 21 1 0 0 NONE 
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Table A19. MEDIAN TREATMENT TEST, BEFORE-DURING COMPARISON 

TABLE OF R DU13 BY 0 

R DU13 

Frequency 
Expected 
Cell Chi 2 
Percent 
Row Pct 
Col Pct 

FASTER 

SLOWER 

TOTAL 

Warning: 

Chi-Square 

* 

o 

L T LANE NONE R MEDIAN TOTAL -- -

6 4 2 12 

3.75 3.75 4.50 

1.16 0.13 1.18 

18.75 12.50 6.25 37.50 

50.00 33.33. 16.67 

60.00 40.00 16.67 

4 6 10 20 

6.25 6.25 7.50 

0.90 0.10 0.91 

12.50 18.75 31. 25 62.50 

20.00 30.00 50.00 

40.00 60.00 83.33 

10 10 12 32* 

31.25 31.25 37.50 100.00 

Statistics for 2-way Tables 
Over 5% of the cells have expected counts less than 5. 
Table is so sparse that Chi-Square may not be a valid test. 

4.410 OF = 2 PROB = 0.1141 

Locations 13 and 15 omitted. 
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TABLE A20. MEDIAN TREATMENT TEST, BEFORE-DURING COMPARISON 

TABLE OF R DRS12 BY 0 

R DRS12 . D 

Frequency 
Expected 
Cell Chi2 
Percent 
Row Pct 
Col Pct 

FASTER 

SLOWER 

TOTAL 

Warning: 

Chi-Square 

* 

L_T_LANE .. NONE R MEDIAN TOTAL -

4 6 1 11 

3.88 3.24 3.88 

0.06 1. 53 1.46 

ll.76 17.65 2.94 32.35 

36.36 54.55 9.09 

33.33 60.00 8.33 

8 4 11 23 

8.12 6.76 8.12 

0.42 1. 06 1. 01 

23.53 11.77 32.35 67.65 

34.78 17.39 47.83 

66.67 40.00 91.67 

12 10 12. 34* 
35.29 29.L',2 35.29 100.00 

Statistics for 2-way Tables 
Over 5% of the cells have expected counts less than 5. 
Table is so sparse that Chi-Square may not be a valid test. 

6:6427 OF = 2 PROB = 0.0390 

Location 15 omitted. 
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