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EXECUTIVE SUMMARY

The objective of the Metro Rail Before-and-After Study is to examine the monetary benefits
to property located in the vicinity of Metro Rail stations. A basic premise of the Benefit
Assessment District program is that property in the vicinity of Metro Rail stations will
benefit directly from the enhanced accessibility afforded by being close to Metro Rail
stations. One objective of this study is to determine the extent to which property value
increases are due to Metro Rail stations. Earlier Technical Memoranda have reported on
benefit indicators and data sources, the research design and methodology, and the
organization and structure of the data base. The purpose of this Technical Memorandum
is to present the results of implementing the study methodology.

Major conclusions that can be drawn from this study are:

1) The analysis supports the contention that price escalation of properties in the
vicinity of Metro Rail stations is partially the result of proximity to Metro
Rail.

2) The difference in recorded post Metro Rail sale prices and predicted post
Metro Rail sale prices is correlated with distance to Metro Rail stations. For
the six geographic area-land use activity pairs with a regression significant at
the 70% level or higher, the R? values range from 0.025 to 0.185. (See
Executive Summary Table 1.) )

3) The sale price increases calculated for these same six pairs range from $8.86
to $35.97 per square foot. The price increases due to metro Rail range from
$0.28 to $6.04 per square foot. (See Executive Summary Table 1.)

4) The methodology reported on herein appears promising and shows
encouraging results. While the results in some instances are not statistically
significant and marginally significant in other instances, the overriding
consideration is that in virtually every analysis carried out in this study, the
results point in the same direction - namely, Metro Rail is responsible for
at least a portion of the price increase measured for property after 1984. Low
significance levels do not imply that these land uses will not be benefitted by
Metro Rail. After all, the opening of Metro Rail to revenue service is
scheduled for sometime in 1993. The data available for some land use types
in some geographical areas provide little information on Metro Rail impact
at this time. However, this situation may change as Metro Rail comes closer
to operations.

The results for the geographic area-land use pairs investigated in this study are summarized
in Executive Summary Table 1. In general, the results appear to best support the study
objectives in the Financial area of the Central Business District and only marginally support
the study objectives in the Central City area of the Central Business District.



EXECUTIVE SUMMARY TABLE 1
MAJOR FINDIRGS - BEFORE AND APTER STUDY ANALTSIS

BEKEFIT ASSESSMRNT DISTRICT mmsssessssemeeeooceesos
AREA BEPRESENTED SLOPE LEVEL OF B TOTAL *+  PORTION 2%
SIGYIT  SQUARED AVERAGE  DUE T0 H.B.

$/SefT g/

A1-TINARCIAL AREA

LAND OSE  TOTAL INPROVED SPACE -2026 10.45 0,025 $12.77 $0.32
OFFICE SPACE -3940 B3.7%  0.074  $0.73 $0.72
BETAIL/RESTAORANY -3618 §6.6%  0.168 $35.97 $6.04

51-CERTRAL CITT ARKA

LAND OSE  OFFICE SPACE -80.5 10.0% 0.00043 $22.36 $0.01
RETAIL/RESTAURANT -263.1 89.1%  0.0315  ¢8.86 $0.28
IRDOSTRIAL/NAREBOUSE -222.0 2908 0.0017 $32.13 $0.24

A2-RILSHIRR/ALVARRDG

LAND §SE  TOTAL IMPROVED SPACE -218.3 79.2%  0.068  $26.87 $1.82
(OFFICE SPACE -432.5 §7.6%  0.18% $lL.11 $2.05
RETAIL/RESTAORART -142.4 .00 0.017  $40.40 $0.68

.................... i

t  This column represents the average cale price increase, for the ipdicated
gioupfof properties, between the Pre-Retro Rail and Post-Metro Rail
»¢ frazes.
12 This coluan regresents the portion of the sale price increase due
to the proximiiy to Metro Eall statlons.
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The basic methodology employed in this study is summarized briefly:

1)

2)

3)

4)

Regression analysis was used to develop an equation to estimate property
values in the pre-Metro Rail time frame from 1976 through the end of 1983.
A large number of variables judged to influence property values were included
in the data base.

The equations developed in step 1 were used to predict the sale price of
properties sold in the post-Metro Rail time frame from 1984. This predicted
sale price is termed the "as if Metro Rail had not occurred” sale price.

The difference between the recorded post-Metro Rail sale price and the
predicted post-Metro Rail sale price is termed the Delta value.

A regression analysis was cartied out with the Delta value as the dependent
variable and the distance to the nearest Metro Rail station as the independent
variable. The value of R’ for this regression is indicative of the impact that
station proximity has on Delta property values. The increase in property value
due to Metro Rail is proportional to the variability in Delta value explained
by the distance to Metro Rail stations.

This methodology was developed and adopted for several reasons:

1)

2)

3)

Property values are influenced by a wide variety of variables which suggested
a multivariate analysis be performed.

Many studies of this type call for a comparable control area which is
extremely difficult to define. This methodology does not require a control
area.

The impact of transit improvements may be comparatively small and vary over
time. A regression analysis as used in this study should distinguish the impact
of Metro Rail from other influencing. factors.

The data base used in this study is quite extensive but has several limitations that require
care in using it. Special precautions that were employed in this study are detailed in the
text and relate to issues such as: properties with multiple land uses; limiting the number
of variables; variables with many missing values; and variables which vary over several
orders of magnitude.

iii
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1.0 INTRODUCTION

The objectives of the Metro Rail Before-and-After Study are to examine the monetary
benefits to property located in the vicinity of Metro Rail stations and to isolate the benefits
directly attributable to the Metro Rail system. The study also is intended to identify
benefits which may be linked to particular events associated with the development of the
rail system (e.g., commencement of construction, commencement of operations, etc.). The
study will attempt to advance the state of the art in benefit measurement through the
analysis of benefits that occur over time in the vicinity of Metro Rail stations. This
knowledge will be useful in understanding the process by which benefits are derived and,
hopefully, will advance development of a methodology to evaluate land use impacts of
transit systems in the United States.

The following tasks constitute the Before-and-After Study:

1) Identify Indicators of Benefit and Determine Area of Coverage
2) Identify Potential Sources of Data

3} Evaluate Useability of Data

4) Refine Indicators and Areas of Coverage

5) Design Data Base and Analysis Methodologies

6) Compile Data Base and Establish Update Procedures

7) Analyze Data

Tasks 1 through 6 of the Study have been accomplished prior to the development of this
Technical Memorandum. The results of Tasks 1, 2 and 3 are contained in Technical
Memorandum 88.4.1, Metro Rail B;fgre-and-ﬁﬂ;[ SI].I!:]}:: Analysis gf_ Emgungl MQ 51311
I ifi n tential Dat i
!Jseablhgg (see Appendix B). The results of Tasks 4 and 5 of the Study are contamed in
Technical Memorandum 88.4.5, Metro Rail Before-and-After Study: Research Design,
Methodology, Variables and Data Collection Plan (see Appendix C). The data sources
were refined in these tasks and the most promising sources to carty out the methodology
were identified. The results of Task 6 of this study are contained in Technical
Memorandum 88.4.7 Metro Rail Before-and-After Study: Data Base Development,

Organization and Structure (see Appendix D). The development of the data base requisite
to the before-and-after study is presented in this document which includes details on the
structure, format and updating procedures related to the data base.

This Technical Memorandum presents the results of Task 7 of the Before-and-After Study.
The purpose of Task 7 is to implement the methodology outlined in Task 5 utilizing the
data base collected and organized in Task 6.

The sections which follow present a brief outline of the procedure, the statistical analyses
performed, a set of conclusions and a set of recommendations for further study.



2.0 ANALYSIS METHODOLOGY

A brief overview of the problems associated with measuring transit-related benefits and the
development of a methodology for measuring these benefits are presented in this section.
A complete description of the research problem, research design and methodology 1s
included in Technical Memorandum 88. 4.5, re-and-After Study:

i t S llecti :

2.1 RESEARCH PROBLEM

The ability to accurately estimate direct monetary benefits of transportation systems, transit
stations in particular, has proven elusive. Property values in the areas around transit
stations are influenced by a wide range of factors, most of which have not been adequately
quantified. Special problems associated with measuring this influence include:

1) Difficulty in selecting control areas that are comparable. Station locations
generally are based on a set of somewhat unique characteristics that make the
site acceptable from environmental, patronage, and other aspects. These
conditions often may not be replicated elsewhere in the urban area.

2) The impact of the transit improvement may be comparatively small in
relation to other influencing factors.

3) The impact of the transit improvement may vary over time as the transit
system develops from the planning stages through various patronage levels.

22 RESEARCH DESIGN

The area to be studied includes properties located within the benefit assessment districts
established for the Minimum Operable Segment-1 of Metro Rail. Two districts were
established, one for the four downtown Los Angeles stations {(Union Station, Civic Center,
S5th/Hill, and 7th/Flower) and one at the Wilshire/Alvarado station.

The approach adopted for this study investigates the impacts on property values by
comparing two different conditions: (1) "after with metro Rail" sale prices and (2) "after
as if metro Rail had not occurred"” sale prices. Both "before Metro Rail" and "after with
Metro Rail" sale prices are actual sale prices as recorded for individual properties. Data
on pre-Metro Rail sale prices are used to develop a sale price model representative of the
pre-Metro Rail time period. The pre-Metro Rail sale price model is applied to post-Metro
Rail sales data to predict "after as if Metro Rail had not occurred” sale prices. These
predicted sale prices are assumed reflective of the continuation of pre-Metro Rail trends
and factors for any property. The observed difference between this predicted sale value
and the actual post-Metro Rail sale value is the impact value which is referred to in .this
report as the delta value. Earlier reports referred to this difference as the "residual” impact

. value or "residual” difference. In reference to this difference, the term "residual” is

eliminated to avoid confusion with standard nomenclature associated with the statistical
analysis used in this study.
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The delta value is assumed to be made up of several components: a portion is attributable
to the impact of Metro Rail; and a portion is due to trends and factors which differ from
the pre-Metro Rail time period. This,approach does not require that differences in sale
prices be observed for linked sales data only. A linked sale refers to a pre- and post-Metro
Rail sale of the same piece of property. Linked sales were not used in this study for two
reasons: the number of cases available for analysis would be very few; and the use of
linked sales has not been effective in other studies such as the BART system in San
Francisco. (See Appendix C, pages C-5 through C-11.)

The research design is summarized in the following steps:

1) A set of multiple regression equations is developed to estimate property
values based upon pre-Metro Rail property sales. The intent is to develop
separate pre-Metro Rail baseline equations for major land uses such as office
and retail/restaurant in different study area locations such as the Financial
District, Chinatown, or Central City East. The equations capture, to some
extent at least, significant pre-Metro Rail trends and factors which influence
sale price. Only sales completed prior to Metro Rail are included in this
step. Thus, these equations are used to estimate the future price of
properties "as if Metro Rail had not occurred." (See Appendix A for a brief
introduction to regression analysis.)

2) Data on post-Metro Rail property sales are collected to provide the "after
with Metro Rail" condition for the property.

3) The difference between the predicted price of properties "as if Metro Rail
had not occurred” and the actual sales price "with Metro Rail" are
determined. This difference is referred to as the delta value.

4) A bivariate analysis.is carried out with the delta value as the dependent
variable and distance from the nearest Metro Rail station as the independent
variable. The delta value may consist of several components:

a) changes due to the introduction of Metro Rail;

b) changes due to trends and factors not included in the pre-Metro Rail
baseline equatlons

c) error in estimation due to changes in the influence of vanablcs in the
baseline equations.

The existence of a correlation between delta value and distance from a Metro Rail station
may be considered indicative of the influence of the transit facility on property values.
Should the relationship between delta value and distance to Metro Rail be significant at
some level, it may be concluded that the portion of the delta value explained by the
distance to Metro Rail is reflective of direct monetary benefits to property owners.
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This methodology was developed and adopted for several reasons:

1) Property values are influenced by a variety of variables. The impact of any
given variable may vary over time and over sections of an urban area,
especially in a city as large and diverse as Los Angeles. This suggested that
a multivariate analysis might be appropriate.

2) Many studies of this type rely on control areas to provide validation of the
study hypotheses. Although this technique was considered for this study, the
idea was dropped because no area could be defined to adequately replicate
conditions in the study area. This stems from the fact that downtown Los
Angeles is simultaneously:

a) a government center,
b) a center of international finance,
c) a manufacturing center (garment industry),
d) a distribution center (flowers, produce),
e) a transportation center (freeways, intercity rail, transxt) and
f) a redevelopment area.
3) The impact of transit improvements may be comparatively small and vary

over time. A regression analysis as used in this study should distinguish the
impact of Metro Rail from other influencing factors.

23 STUDY METHODOLOGY

The methodology employed for the study effort is described in this section.

2.3.1 Review of the Data

The data base prepared for the Before-and-After Study contains data on 149 variables for
1180 cases. A case consists of all available data relative to a property in the study area for
which a sale is recorded in 1978 or later. (See Appendix D, page D-17.) Some 236 cases
are included for Benefit Assessment District A2, the Wilshire /Alvarado station area. Some
944 cases are included for Benefit Assessment District Al, the 4-station downtown area of
Los Angeles. Benefit Assessment District Al is divided into four - Community
Redevelopment Agency (CRA) areas (Central Business District, Chinatown, Little Tokyo,
Bunker Hill) and the non-CRA area west of the Harbor Freeway. The Central Business
District (CBD) is subdivided further into eight subareas: Central City East; Civic Center;
Broadway; Spring Street; Main Street; Financial Core; South Park; and Central Library.

The proposal for this study suggested a pre-Metro Rail equation be developed for each
geographic area--land use pair such as office space in the Civic Center and retail /restaurant
space in South Park., However, a number of geographic area-land use pairs are
characterized by only a few cases, not enough cases to achieve useful results. (See
Appendix A, page A-10 for a discussion of cases.) For example, the number of pre-Metro
Rail cases for properties in the CBD which include office space land use are as follows:
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Central City East: 0

Civic Center: 1
Broadway: 22
Spring Street: 10
Main Street: 7
Financial Core: 24
South Park: 11

Central Library: 0

Thus, only Broadway and the Financial Core may have sufficient cases while Spring Street
and South Park are somewhat marginal. Of course, it is true that only a finite number of
cases (recorded sales) exist in any given area. The number of cases included in this
analysis is limited by the number of recorded sales included in the data base.

Consequently, the bulk of the analyses are carried out for three geographical areas:

1) The financial area of Benefit Assessment District A1 which consists of
properties in the Bunker Hill CRA area and those in the Financial Core and
South Park CRA subareas within the CBD. (See Appendix D, pages D-60
to D-62.)

2) The "central city area" of Benefit Assessment District A1 which consists of
properties in the Chinatown and Little Tokyo CRA areas and those in the
Central City East, Civic Center, Broadway, Spring Street, and Main Street
subareas within the CBD.

3) The Wilshire/Alvarado station area, Benefit Assessment District A2.

These geographic areas were selected because the land uses within each area are
comparable. The financial area is characterized by a number of modern, high-rise office
buildings and banks, expensive shops and restaurants, and luxury hotels. The "central city
area" is characterized by a number of vacant or partially utilized buildings, less expensive
shops and restaurants, and several resident-hotels.

Some land use classifications are represented by less than 20 cases in the entire data base
(government, residential, non-profit, residential hotels, and exempt improvements). Land
uses such as service, hotels, industrial and vacant land are represented by about 60 cases.
Thus, the analyses were carried out for three land use categories: office space;
retail /restaurant space; and total improved space on the property.

There are certain problems related to the data that required further research or correction:
1) Muitiple Use Properties - Some properties in the office use category may
have less than 10% of the improved space devoted to office space. This

could result in a distorted view of office land use if many properties had this
characteristic. Preliminary research showed that little impact is observed if
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2)

3)

4)

the analysis of office space is carried out on properties with 60% or more
office space of the total improved space. This problem was solved by careful
selection of cases to ensure that each included case is representative of the

group.

Number of Variables - When a large number of variables (over 80 for this
data base) are analyzed for many cases, the calculation of the correlation
matrix may require excessive time on a personal computer (more than 1 hour
in some instances). The number of variables considered in any analysis
should be kept to a reasonable level. Certain variables such as absolute
change and percent change from one year to the next for various market
indicators are unlikely candidates for regression models. Market indicators
include variables such as Gross National Product, Consumer Price Index,
Prime Interest Rate, and employment in various categories such as
government and service. There are 26 variables in the data base which
describe change or percent change from 1 year to the next. All of these
could be eliminated with no loss from an analytical standpoint because ratio
and percentage variables of this type are seldom used in regression analyses.
The inclusion of variables such as Prime Interest Rate, Foreign Exchange
Rate, and Unemployment Rate is discouraged as well. Of course, it may be
desirable to maintain these data in the data base but they should not be
included in a regression analysis. Some of these variables have great impact
in the financing of a purchase rather than on the purchase price.

Zero Values - Variables with extraordinary numbers of zero values require
special treatment. These variables tend to have very low or missing
correlations and will be eliminated from consideration by the regression
procedures if all values are zero in a particular data subset. In some
instances, it is more appropriate to eliminate cases from the analysis when a
variable is non-zero for only a few cases. In this event, the variable may
enter the regression at a very high significance level but the R? value
increases only slightly. A pre-Metro Rail equation may be developed which
includes a variable represented by one or two cases and then is applied to
post-Metro Rail cases. The predicted sale prices of properties with non-zero
values for the wvariable in question may be distorted due to an
unrepresentative equation developed for the pre-Metro Rail case. Variables
with large numbers of zero values are restricted to those itemizing square feet
of various land uses. When a data set is selected, a variable with only a few
non-zero values was eliminated. This decision was based on the judgment of
the analyst.

Missing Values - Some variables have large numbers of missing values. If the
variable is a regression variable, the missing values may cause the entire case
to be deleted from consideration. Variables with large numbers of missing
values should have these values resolved or should be considered for omission
from the process. Identifier or descriptive variables that will never be
regression candidates should always have an entry in the field, albeit a
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dummy entry. This is important in selecting the cases to be included in a
particular procedure for the SPSS/PC+ statistical package used in this study.
-(SPSS/PC+ is a registered trademark of SPSS Inc.) Blank fields are not
treated consistently in applying some of the logical operators in the selection
of cases. Variables with large numbers of missing values were eliminated
from the analysis.

S) Variable Range - The range in sale price for property extends from several
thousand dollars to almost $500 million. Moreover, the distribution of sale
price is highly skewed to the right. For example, sale prices in the downtown
area range from $116 (perhaps a keystroke error) to $496,900,000 with a
mean of $5,744,218. About 88% of the properties sold for $5,000,000 or less.
Only 6 of 933 valid sales are in the range from $150,000,000 to $500,000,000.
The contribution to the sum of squares of these six properties is more than
half the total sum of squares. Thus, a regression that does reasonably well
in explaining these six cases will have a high R? even while doing a terrible
job of explaining lower priced cases. Thesé¢ lower priced cases have
comparatively high residual values. Some research was carried out to
determine if restricting the sale price range would be helpful. The results of
restricting the range to sale prices extending from $1,000,000 to $50,000,000
are reported in Section 3. A great deal more research must be done on
variables with ranges covering several orders of magnitude, especially when
skewed to the right. Logarithmic transformations on certain variables may
prove desirable but a few trials in this study did not improve the situation.
Fortunately, the high priced properties are restricted to the Financial Core
subarea of the CBD. The impact of these extreme prices are discussed in
Chapter 3.1.

2.32 - T 1 tion

The purpose of this step is to develop a set of equations which identify the variables
influencing property values prior to Metro Rail. These same equations will be used to
calculate post-Metro Rail property values for the "as if Metro Rail had not occurred"
condition. The procedure involves the selection of cases representing pre-1984 sales of
property with a specific geographic area - land use combination. The units of analysis are
individual parcels within the study area which have a recorded sale during the pre-Metro
Rail years from 1978 through 1983 inclusive or during the post-Metro Rail years of 1984
and beyond.

An assumption of this study is that the influence of the transit system on property value
begins when the final route is selected. Although Metro Rail planning started in 1975 and
alternatives analysis began in 1977, the final route alignment was announced in 1983 as well
as the first appropriation of funds for MOS-1 construction. It is likely that uncertainties
associated with planning and alternatives analysis would preclude Metro Rail influence in
the real estate market, at least through 1983. The final route and funding decisions of 1983
provide a solid benchmark for fixing the pre-Metro Rail time frame, at least for MOS-1
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station areas. Preliminary analysis of sales data availability suggests that valid sales data
points are available from the year 1978. :

The procedure used to develop equations for this study is linear regression. Linear
regression is a statistical technique used to determine the best values for the coefficients
of one or more independent variables expressed as a function of a dependent variable. In
a simple linear relationship of formy = a + bx, y is the dependent variable and x is the
independent variable. Data is collected through observations of y and x. Regression
analysis is used to calculate the best values of a and b according to a set of statistical
criteria selected by the analyst. The coefficient of x is b, the slope of the straight line. The
slope represents the expected change in y when the value of x increases by 1 unit. The
intercept is a which represents the value of y when x equals zero. A more detailed
description of regression analysis is included in Appendix A of this report.

The cqua‘tions are derived through use of the multiple regression technique as included in
the SPSS/PC+ statistical package. Sale price is the dependent variable. The regression
yields an equation of the form:

y=>b,+ bx +bx,+ ..+ bx, +m

where y = Sale Price, the Dependent Variable
x = Independent Variable

b = Regression Coefficient

n = Number of Variables Included

m = Error Term

If there are a large number of independent variables, groups of them may be highly
related. Factor analysis is a technique for statistically grouping highly related variables.
The procedure consists of selecting one from each group for the regression analysis.
However, the data included in this study appear to be ill-suited for a successful factor
analysis. The Kaiser-Meyer-Olkin (KMO) statistic is an index for comparing magnitudes
of observed correlation coefficients to the magnitudes of the partial correlation coefficients.
If variables share common factors the partial correlation coefficients should be small
between pairs of variables and the KMO statistic will be close to 1.0. If the partial
correlation coefficients are high, the correlations between variable pairs cannot be
explained by other variables and the KMO statistic will be low. A KMO statistic of 0.8 is
very good while 0.6 is mediocre and anything below 0.5 is not acceptable. Several runs on
these data produced KMO statistics at the 0.4 level. Consequently, the use of factor
analysis in this study was dropped. This had little, if any, impact on the study results.

Refer to SPSS/PC+ Advanced Statistics V2.0, SPSS Inc., Chapter 2.4 for additional

discussion of the KMO statistic.

The regression analysis procedure includes several statistical checks to assure significant
results and avoid problems. These checks include the analysis of variance and F-test for
the significance of regression, t-tests for the significance of the regression coefficients, and
the analysis of residuals for normal distribution. All of the analyses reported herein have
significant regressions and regression coefficients at the 95% level. The exception is in the
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development of the delta value relationship in which case the 51gmﬁcance level is listed in
the text.

Several sets of residuals were tested for normality. The Kolmogorov-Smirnov Goodness of
Fit Test was applied to test the Null Hypothesis (H) that the residuals are normally
distributed. (See Appendix A on Regression Analysis which includes a discussion of
residuals.) The alternative H is that the residuals are not normally distributed. If one can
reject the Null H and accept the alternate H at the one percent significance level, the
alternate H is said to be highly significant while at the 5 percent significance level, the
alternate H is said to be significant. In most applications of the Kolmogorov-Smirnov Test,
one hopes that the Null H cannot be rejected at a high significance level. The higher the
significance level, the more confident one is that the assumed distribution function correctly
describes the observed data. However, the normality assumption is not especially stringent.
Almost all statistical methods based on the normal distribution are quite robust in that
reasonable conclusions may be drawn even if the normality assumption is satisfied
approximately. A one percent significance level is probably satisfactory for assumptions
related to the normal distribution.

233 Post-Metro Rail Equations

The development of post-Metro Rail regression equations is not part of the procedure as
outlined for this study. They were developed at the suggestion of an SCRTD staff member
and are included for information purposes only. The rationale for this step is that if
distance to Metro Rail stations influences the sale price of propemes, the distance may

- show up as significant in a regression model.

In this analysis, the distance to Metro Rail stations is forced to enter the regression model
as the first independent variable to determine its significance level and slope. However,
the stepwise regression method was used to add or delete variables. In most instances, the
distance variable was deleted in the second step but, in several instances, reentered the .
regression model at a subsequent step. (See Appendix A for a discussion of various
regression methods such as stepwise.) The results of this analysis are reported in
Chapter 3.

2.3.4 Analysis of Delta Differences

The residual property value must be determined for each case with a recorded sale in the
post-Metro Rail years. The following steps are employed:

1) list of the actual sale price of a property;

2) estimate the sale price "as if Metro Rail had not occurred” using the pre-
Metro Rail equations described above;

3) subtract the estimated sale price from the actual sale price to obtain the delta
difference in property value.

A bivariate analysis is performed to regress the delta difference in property value as a
function of the distance to the nearest Metro Rail station. If distance does have an impact
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on property value, one would expect property values to decrease as the distance from a
Metro Rail station increases. Thus, the slope associated with distance should be negative
in this instance. Slope refers to the coefficient of an independent variable in a linear
relationship of the formy = a + bx. "b" is the slope {coefficient) of x and represents the
change in the value of the dependent variable, y, for a unit change in x. "a" is the intercept
or the value of y when x is zero.

The R? statistic from the simple bivariate regression is indicative of the impact that station
proximity has on delta property values. For instance, if the R? value is 0.5, it may be
concluded that no more than 50 percent of the delta value is due to Metro Rail. By
extension, it can be concluded that any direct monetary benefit due to Metro Rail is
proportional to the variability in the delta values explained by the distance to Metro Rail
stations.

10
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50 DATA ANALYSIS

The Before-and-After Study data base has been developed in a format compatible with
SPSS/PC+. The SPSS/PC+ Multiple Regression function will be used to carry out the
multivariate statistical analysis of the data. The procedure begins by loading the
appropriate data base and selecting the subset of cases in a particular geographic area and
land use combination. The selection is carried out using algebraic and logical "Select if"
statements in the SPSS function library.

A multiple regression analysis is performed on these cases with sale price as the dependent
variable. The regression function produces an equation and a set of evaluative statistics
for the regression (see Appendix A for additional discussion):

1) The coefficient of determination (R®) is the primary measure of goodness of
fit. R® indicates the amount of variation in the dependent variable that is
explained by the relationship between the dependent and independent
variables. . R® varies from 0.0, which indicates that no linear relationship
exists, to 1.0 which indicates a perfect linear relationship. Obviously the
closer R?is to 1.0, the better. However, when an independent variable enters
the regression model at a probability level of 0.05 or less (see item 2 below),
the linear relationship between the dependent and independent variable is
significant. R’ is a measure of how much variability in the dependent.
variable is accounted for by the independent variable.

2) The F-test tests the hypothesis that there is no linear relationship between the
dependent and independent variables. When this hypothesis can be rejected,
confidence can be placed in the linear relationship represented by the
regression model. SPSS/PC+ constructs an analysis of variance (ANOVA)
table and partitions the total sum of squares into a sum of squares for
regression and a sum of squares for residuals. The sum of squares for
regression is divided by the degrees of freedom for regression which is equal
to the number of independent variables included in the regression model.
The result of this division is termed "the mean square for regression.” The
sum of squares for residuals is divided by the degrees of freedom for
residuals which is equal to the number of cases minus 1 minus the number
of independent variables in the regression. This result is termed "the mean
square for residuals." The F statistic is equal to the mean square for
regression divided by the mean square for residuals. In this context, residual
refers to the vertical deviation between the observed value and the value
predicted by the regression. If these residuals are small, the mean square for
residuals is also small and the F statistic is large. Thus, a large F statistic
implies that a linear relationship exists and the hypothesis of no linear
relationship can be rejected. In fact, SPSS/PC+ calculates the probability of
observing a given F value if no linear relationship exists. The hypothesis of
no linear relationship is rejected whenever this probability is 0.05 or less.
SPSS/PC+ checks the F statistic at each stage of model development. It
should be kept in mind that the analysis selects the significance levels at
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which hypotheses are accepted or rejected or for which confidence intervals
are constructed. In certain instances, the analyst may use the standard 95%
levels but in other instances will use 99% levels and in other applications will
use 80% or 90% significance levels. Often in analyses involving
socioeconomic data as in this study, the analyst may select 80% or 90%
significance levels. The important factor is the inclusion of the significance
level in the reporting document so that an appropriate interpretation of the
results will be made.

3) The t-test also tests the hypothesis that there is no linear relationship.
However, the test is on the hypothesis that the coefficient of the independent
variable (the slope of the regression line) is zero. The t statistic is calculated
as the coefficient divided by the standard error of the coefficient for each
variable in the model. The same logic used in the F-test is applied to the t-
test concerning rejection of the hypothesis that no linear relationship exists.
SPSS/PC+ checks the t statistic at each stage of model development.

3.1 FINANCIAL AREA OF BENEFIT ASSESSMENT DISTRICT A-1

The financial area of Benefit Assessment District A-1 includes the Bunker Hill CRA area
and the Financial Core, South Park, and Central Library CRA subareas within the CBD.
Statistical analyses were carried out for total improved space, office space and
restaurant/retail space.. -

3.1.1 Total Improved Space

The total improved space for a given parcel is calculated as the total square feet of space
in the following use categories: office; hotel; retail/restaurant; service; industrial and
warehouse; parking garage; government; residential; non-profit; vacant’ by code; and
residential hotel. The latter five land use categories are zero for almost all included cases.
The normal procedure is to select the cases included in a particular land use category, in
a particular area, and in a particular time frame. Thus, select cases with total improved
space greater than zero, a location in the Financial area of Al, and a recorded sale prior
to 1984. The pre-Metro Rail equation is developed for this data set. The subset including
cases with a recorded sale during 1984 or later is used in the post-Metro Rail and delta
difference analyses. '

However, each of these data subsets include cases with non-zero values for government and
residential hotel land uses as well as for service and industrial/warehouse land uses. There
are generally only one or two of such land use cases. Such cases are eliminated from the
data subset if such land uses are more than 20% of total improved space. Thus, the only
uses included in the analysis are total improved space, office space, parking garage space,
hotel space, and retail/restaurant space.

A few properties in the financial area have very high sale prices as discussed in Chapter

2.3.1 (item [5] on page 6). The three or four very high priced properties that may be
included in a data set result in a sale price distribution that is highly skewed to the right.
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This results in a much higher total sum of squares than would be observed for a data set
covering that same range in sale prices but which was more normally distributed. A
regression line that is in the vicinity of these data points will have a high value of
regression sum of squares. Even though the vertical deviations (the residuals) between the
actual data points and the regression line are substantial, the magnitude of the residual sum
of squares may be small in comparison to the rcgressmn sum of squares. The result is a
significant regression with a high R* but an equation which does a very poor job from a
prediction standpoint. One means of improving this situation is to delete the cases with
very high and very low sale prices from the data set to the analyzed, i.e. impose a limit of
the range in sale prices to be included in an analysis. The following limitations on sale
price range were analyzed in this study:

1) no limitation on sale price
2) sale prices less than $50,000,000
3) sale prices greater than $1,000,000 and less than $50,000,000.

The impact of these limitations is 1llustrated in the following sections related to the
financial area.

3.1.1.1 No Sale Price Limitations
Pre-Metro Rail Equation (51 cases)
Sale Price = - 922,600 + 127.4 (office space) + 58.3 (hotel space)
R?* = 0.944
Post-Metro Rail Equation (66 cases)
Metro Rail Distance: slope = -20,900
R?* = 0.030
Significant at 84% level

Sale Price = - 6,718,100 + 132 (office space) + 50.4 (total space) + 43.2 (garage
spacc)

R? = 0.960
Delta
Delta Value = 15,175,000 - 5420 (Metro Rail Distance)
R?* = 0.012
95% Confidence Interval = - 17,700 to 6900
Significant at 62% level

Average price increase = $32.26/square foot
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Increase due to Metro Rail = $0.39/square foot

The following comments apply to the statistics listed above but, in general, are applicable
to the statistics reported in the sections which follow. In the pre-Metro Rail equation, a
total of 51 cises were available for analysis. The procedure is to calculate the F-statistic
associated with each independent variable and to select the variable with the highest F-
statistic as the first variable to enter the regression. This is equivalent to selecting the
variable with the lowest probability associated with the F-statistic, i.e. the higher the F-
statistic, the lower is the probability of observing such a high value. The default probability
value is 0.05. In the pre-Metro Rail equation above, the first variable entered is square
feet of office space. Then all F-statistics are recalculated and the variable with the lowest
probability associated with the F-statistic enters the regression. In this case, the square feet
of hotel space is selected. The process continues until none of the remaining variables has
a probability of F to enter less than or equal to 0.05. In this instance, none of the
remaining variables have a probability of F to enter less than 0.05 and the process ends.

The post-Metro Rail equation is presented for information only. The 3 statistics listed for
Metro Rail distance refer to the regression of distance to Metro-Rail station on sale price:

1) slope = -20,900. This is the slope (coefficient of the inciepcndent variable)
which defines the change in the value of the dependent variable for each unit
increase in the independent variable.

2) R? = 0.03. This the amount of the variability in sale price which is explained
by the distance to Metro Rail.

3) Significant at 84% level. This implies that the probability is 0.16 (100%-
84%) of observing the F-statistic calculated for this regression. Although this
is not a probability of 0.05 or less, probabilities of 0.2 to 0.3 or less associated -
with an F-statistic may be considered acceptable when working with
socioeconomic data of this type.

The third set of statistics is related to the regression of Metro Rail distance on the Delta
values. The Delta value is defined as the difference between the post Metro Rail sale
price as recorded for a property and the predicted sale price for that property using the
pre-Metro Rail equation. The statistics are described as follows:

1) Delta Value = 15,175,000-5420* (Metro Rail Distance). From the standpoint
of the study effort, the important factor is the sign of the coefficient of Metro
Rail distance. A negative sign implies that the value of property tends to
decrease as the distance to a Metro Rail station increases.

2) R? = 0.012. This implies that 1.2% of the Delta difference in property value
is due to the impact of Metro Rail.
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3)

4)

5)

6)

95% Confidence Interval = -17,700 to 6,900. This implies that one is 95%
confident that the true coefficient of Metro Rail distance is within the range
from -17,700 to +6,900.

Significant at 62% level. This implies that the probability is 0.38 of observing
the F-statistic calculated for this regression.

Average price increase = $32.26/square foot. This value is calculated for the
post-Metro Rail cases by summing the Delta values for all included cases and
dividing by the summation of total square feet of improved space for all
included cases. A positive sign for the summation of Delta values is
indicative of an increase in property value.

Increase due to Metro Rail = $0.39/square foot. This is calculated by
multiplying the average price increase by the value of R%. The amount of the
price increase due to Metro Rail is assumed proportional to the variability in
the Delta value explained by the distance to Metro Rail stations.

3.1.12 Sale Price Less Than $50,000,000

Pre-Metro Rail Equation (44 cases)
Sale Price = -1,131,400 +83 (office space) + 27.5 (total space)
R? =-0.854

Post-Metro Rail Equation (55 cases)

Metro Rail Distance: slope = -5320

R* = 0.129
Significant at 99.3% level.

Sale Price = 264,000 + 57.8 (office space) + 41.7 (total space)
R? = 0.646

Delta Value = 2,758,000 - 1353 (Metro Rail Distance)

R?* = 0.022 :
95% Confidence Interval = - 3830 to 1120
Significant at 72.2% level. _

Average Price Increase = $11.64/square foot
Increase due to Metro Rail = $.26/square foot
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3.1.1.3 Sale Price Greater th;m $1,000,000 and Less than $50,000,000
Pre-Metro Rail Equation (34 cases)

Sale Price = -479,100 + 112.3 (total space)

R? = 0.82
Post-Metro Rail Equation (45 cases)

Metro Rail Distance: slope = -5470
R* = 0.08 .
Significant at 94.0% level.

Sale Price = 839,700 + 51.8 (office space) + 44.4 (total space)
R? = 0.603

Delta
Delta Value = 3,512,000 - 2026 (Metro Rail Distance)

R?* = 0.025
95% Confidence Interval = - 5900 to 1830
Significant at 70.4% level

Average Price Increase = $12.77/square foot
Increase Due to Metro Rail = $0.32/square foot

3.1.1.4 Summary

The results of these three analyses show that as the sale price extremes, especially the high
side, are eliminated, .the coefficients of determination (R®) for both the Pre- and Post-
Metro Rail equations decrease. The decrease is from 0.944 to 0.82 for the Pre-Metro Rail
cases and from 0.96 to 0.603 for the Post-Metro Rail cases. However, there is a distinct
improvement in measuring the impact of distance to Metro Rail as the extreme sale price
cases are eliminated. In the post-Metro Rail cases, the slope and significance level of sale
price regressed on distance to Metro Rail changes from -20,900 and 84% to -5320 and
99.3% when the cases with sale prices over $50,000,000 are eliminated.

When the extremes are eliminated, the average price increase ranges from $11.64 to $12.77
per square foot. Multiplication by the appropriate R* value yields increases due to Metro
Rail ranging from $0.26 to $0.32 per square foot of total improved area. Notice that the
95% Confidence Interval for the coefficient of Metro Rail distance narrows a great deal
and significance level rises as well. - '

16



3.12 Office Space

The office space subset defined in this analysis consists of all parcels with office space area
greater than 60% of the total improved area. This insured that office space is the
predominant land use considered in the analysis. The comments in Section 3.1.1 for total
improved space apply to office space as well.
3.1.2.1 No Sale Price Limitations
Pre-Metro Rail Equation (34 cases)
‘Sale Price = -2,971,500 + 129.6 (office space)
R? = 0.938 |
Post-Metro Rail Equation (37 cases)
Metro Rail Distance: Slope = -18,000
R* = 0.016
Significant at 54.7% level
Sale Price = -11,618,500 + 206.4 (office space) - 211.7 (hotel space)
R? = 0.986
Delta
Delta Value = 17,344,000 - 6230 (Metro Rail Distance)
R? = 0.013

95% Confidence Interval - 25,000 to 12,600
Significant at 49.4%

-Averagc Price Increase = $33.03/square foot

Increase due to Metro Rail = $0.43/square-foot
3.12.2 Sale Price Less Than $50,000,000
-Pre-M'etro Rail Equation (29 cases)
Sale Price = -2,380,000 + 102.2 (total space)
R* = 0.844
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Post-Metro Rail Equation (31 cases)
Metro Rail Distance: slope = -5900
R* = 0.138
Significant at 96.0% level.
Sale Price = 3,743,700 + 99.6 (office space) - 3208 (Metro Rail Distance)
R? = 0.627
Delta
Delta Value = 3,555,000 - 2330 (Metro Rail Distance)
R? = 0.047
95% Confidence Interval = -6310 to 1650
Significant at 75.9% level.

Average Price Increase = $9.87/square foot
Increase due to Metro Rail = $0.46/square foot

3.1.2.3 Sale Price Greater than $1,000,000 and Less than $50,000,000
Pre-Metro Rail Equation (27 cases)
Sale Price = -2,441,400 +. 102.4 (total space)
R? = 0.838
Post-Metro Rail Equation (28 cases)
Metro Rail Distance: Slope = -4270
R? = 0.044
Significant at 71.8% level
Sale Price = 311,450 + 104.0 (office space)
R? = 0.54
Delta
Delta Value = 4,593,000 - 3940 (Metro Rail Distance)
R? = 0.074 i

95% Confidence Interval = -9600 to 1700
Significant at 83.7% level
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Average Price Increase = $9.73/square foot
Increase-due to Metro Rail = $0.72/square foot

3.12.4 Summary

The results of these three analyses have the same implications as those for total improved
space. As the extreme cost cases are -eliminated, the R? values for the pre-Metro Rail
cases decrease from 0.938 to 0.838 and from 0.986 to 0.54 for the post-Metro Rail cases.
However, the slope and significance levels of sale price regressed on distance to Metro Rail
in the post-Metro Rail cases changes from -18,000 and 54.7% to -5900 and 96.0% when the
cases with sale prices over $50,000,000 are eliminated.

In this instance, there are only 2 cases with a sale price less than $1,000,000 so that
minimal impact is observed when these two cases are deleted. (See Section 3.1.2.3.) When
the extremes are eliminated, the average price increase ranges from $9.87 to $9.73 per
square foot. Multiplication by the appropriate R?® value yields increases due to Metro Rail
ranging from $0.46 to $0.72 per square foot.

3.13 Retail/Restaurant Space

The retail/restaurant space subset defined in this analysis consists of all parcels with
retail/restaurant space greater than zero. The comments in Section 3.1.1 for total
improved space apply to retail/restaurant space as well.
3.1.3.1 No Sale Price Restrictions
Pre-Metro Rail Equation (20 cases)
Sale Price = -1,359,600 + 100.6 (total improved space)
R? = 0.986
Post-Metro Rail Equation (27 cases)
Metro Rail Distance: Slope = -19,900
R?* = 0.119
Significant at 92.2% level
Sale Price = 4,375,000 + 139.4 (total improved space)

R* = -985
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Delta
Delta Value = 6,073,900 - 3922 (Metro Rail Distance)
R? = 0.050 :
95% Confidence Interval -10,900 to 31
Significant at 74.0% level

Average Price Increase = $16.38/square foot
Increase due to Metro Rail = $0.82/square foot

3.1.3.2 Sale Price Less than $50,000,000
Pre-Metro Rail Equation (14 cases)
Sale Price = 550,100 + 46.1 (office space)
R* = 0.713

Post-Metro Rail Equation (25 cases)
Metro Rail Distance: Slope = -4030
R* = 0.187
Significant at 96.9% level

Sale Price = - 6,587,000 + 71 (office space) + 2670 (GNP) - 2704 (freeway off
ramp distance) + 123 (transit boardings)

R?* = 0.920
Delta
Delta Value = 4,492,200 - 2147
R? = 0.142
95% Confidence Interval = 4400 to 300
Significant at 93.7% level

Average Price Increase = $32.76/square foot
Increase due to Metro Rail = $4.65/square foot

3.1.3.3 Sale Price Greater than $1,000,000 and Less Than $50,000,000
Pre-Metro Rail Equation (6 cases)

No analysis.
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Post-Metro Rail Equation (21 cases)

Metro Rail Equation: Slope = -6260
R? = 0.210
Significant at 92.5% level

Sale Price = 11,352,400 + 69 (office space) - 4865 (freeway off ramp distance)
R* = 0.869

Delta
Delta Value = 6,709,600 - 3618 (Metro Rail distance)

R? = 0.168

95% Conference Interval = -8200 to 1000
Significant at 88.6% level

(Use Pre-Metro Rail Equation of Section 3.1.3.2)

Average Price Increase = $35.97/square foot
Increase Due to Metro Rail = $6.04/square foot

3.1.3.4 Summary

The results of the analyses are similar to earlier results. As extreme cost cases are
eliminated, the R’ values for the pre-Metro Rail cases decrease from 0.986 to 0.713 and
from 0.985 to 0.869 for the post-Metro Rail cases. However, the slope and significance
levels of sale price regressed on distance to Metro Rail in the post-Metro Rail cases
changes from -19,900 and 92.2% to -4030 and 96.9% when the cases with sale prices over.
$50,000,000 are eliminated.

When the extremes are eliminated, the average price increase ranges from $16.38 to $35.97
per square foot. Multiplication by the appropriate R’ value yields increases due to Metro
Rail ranging from $0.82 to $6.04 per square foot.

32 CENTRAL CITY AREA OF BENEFIT ASSESSMENT DISTRICT Al

The Central City Area of Benefit Assessment District Al includes the Chinatown and Little
Tokyo CRA areas and the Central City East, Civic Center, Broadway, Spring Street, and
Main Street CRA subareas within the CBD. Statistical analyses were carried out for
retail/restaurant space, industrial and warehouse space, and for office space.
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3.2.1 Retail/Restaurant

The retail/restaurant space subset defined in this analysis consisted of parcels with
retail/restaurant space and no other land uses on the parcel.

Pre-Metro Rail Equation (35 cases)
Sale Price = 44,100 + 10.0 (transit alights) + 21.7 (retail/restaurant space)
R? = 0.332
Post-Metro Rail Equation (83 cases)
Metro Rail Distance: Slope = -912
R* = 0.168
Significant at 99.9% level

Sale Price = - 58,100 - 61.88 (Metro Rail Distance) + 18.4 (reta11/restaurant space)
- 58,100 (industrial employment)

R? = 0.627
Delta
Delta Value = 785,257 - 263.7 (Metro Rail distance)
R? = 0.0315
95% Confidence Interval - 590 to 60
Significant at 89.1% level.

Average Price Increase = $8.86/square foot
Increase due to Metro Rail = $0.28/square foot

3.2.2. Induq'_trigI,fWamngusg Space

The mdustnal/warehouse space subset defined in this analysis consisted of parcels
predominantly in industrial uses with a few parcels including some retail/restaurant space.

Pre-Metro Rail Equation (13 cases)

Sale Price = 100,540 + 32.5 (total improved space) - 30.8 (industrial/warehouse
space)

R? = 0.880
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Post-Metro Rail Equation (20 cases)
Metro Rail Distance: Slope = -217
R? = 0.0067
Significant at 27% level

Sale Price = 509,300 + 903.6 (total improved space) - 888.2 (industrial/warehouse
space)

R?* = 0.795
Delta
Delta Value = 1,435,800 - 222 (Metro Rail distance)
R? = 0.0077
95% Confidence Interval - 1470 to 1020
Significant at 29% level.

Average Price Increase = $32.13/square foot
Increase due to Metro Rail = $0.24/square foot

323 Office Space

The office space subset defined in this analysis consisted of parcels with office space
making up 60% or more of the total improved space. Most of the parcels included some
retail/restaurant space.
Pre-Metro Rail Equation (23 cases)
Sale Price = -535,640 + 6.1 (total improved space) + 99,057 (prime interest rate)
R? = 0.507
Post-Metro Rail Equation (23 cases)
Metro Rail Distance: Slope = 38.1
R? = 0.00008
Significant at 5% level.
Sale Price = -717,260 + 21.0 (total 'improved space) + 2012 (crimes)

R? = 0.351
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Delta
Delta Value = 1,851,700 - 80.5 (Metro Rail distance)

R? = 0.00043
95% Confidence Interval - 1390 to 1230
Significant at 10% level

Average Price Increase = $22.36/square foot
Increase due to Metro Rail = $0.01/square foot

32.4 Summary

Of the three land use categories in the Central City Area of the CBD, only
retail /restaurant space has results that may be considered significant. The pre- and post-
Metro Rail equations have only moderate R® values (0.332 and 0.627 respectively).
However, the distance to Metro Rail stations is more than 99% significant in the post-
Metro Rail equations and 89% significant in the Residual equations.

In the cases involving industrial land uses, the pre- and post- Metro Rail equations have
high R? values of 0.880 and 0.795 respectively but the distance to Metro Rail stations is
significant at less than 30%. The increase in average prices is $8.86/square foot for
retail/restaurant space and $31.13/square foot for industrial space. The increases due to
Metro Rail are estimated at $0.28 /square foot for retail space and $0.24 /square foot for
industrial space.

These very low significance levels do not imply that these land use spaces will not be
benefitted by Metro Rail. At this time, the data relative to sale prices do not reflect an
impact due to Metro Rail. After all, the opening of Metro-Rail to revenue service is-
scheduled for sometime in 1993. The available data for office space provides little
information on Metro Rail impact at this time. However, this situation may change as
Metro Rail comes closer to operation.

33 WILSHIRE/ALVARADO STATION AREA

The Wilshire/Alvarado Station Area consists of Benefit Assessment District A2. Statistical
analyses were carried out for total improved space, office space, and retail /restaurant
space. The only other land use with enough cases to attempt an analysis is vacant land,
however, the results were inconclusive and are not reported.

3.3.1 Total Improved Space

The cases included in this analysis involved parcels with total improved space greater than
zero provided that the following land uses are equal to zero: hotel; service; vacant land;
garage; industrial; residential hotel; and residential. Thus, the land uses associated with a
given parcel are limited to office, parking lot, and retail /restaurant. This limitation applied
to both the pre- and post-Metro Rail Analyses.
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Pre-Metro Rail (44 cases)

Sale Price = 1,208,900 + 26.6 (office space) + 15.9 (total improved space) - 937,048
(foreign exchange rate)

R* = 0.930
Post-Metro Rail (25 cases)
Metro Rail Distance: Slope = -394
R? = 0.082
Significant at 83.6% level
Sale Price = -238,600 + 52.7 (total improved space) + 31.3 (parcel size)
R® = 0.834
Delta
Delta Value = 7,771,740 - 278.3 (Metro Rail distance)
R? = 0.068
95% Confidence Interval - 720 to 170
Significant at 79.2% level.

Average Price Increase = $26.87/square foot
Increase due to Metro Rail = $1.82/square foot

332 Office Space

The cases included in this analysis involved parcels with office space greater than zero.
The only land uses associated with a given parcel are office space, parking lot space, and

retail/restaurant space. This limitation applied to both the pre- and post-Metro Rail
analyses.

Pre-Metro Rail (24 cases)

Sale Price = 1,060,100 +43.96 (office space) - 1,408,854 (foreign exchange rate) +
158.3 (freeway off ramp distance)

R? = 0.962
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Post-Metro Rail (14 cases)

Metro Rail Distance: Slope = -830
R* = 0.378
Significant at 98.1% level

Sale Price = -65,000 + 62.7 (total improved space)
R* = 0.832

Delta
Delta Value = 872,700 - 432.5 (Metro Rail distance)
R® = 0185

95% Confidence Interval = -1000 to 140
Significant at 87.6% level

Average Price Increase = $11.11/square foot
Increase due to Metro Rail = $2.05/square foot

3.3.3 Retail/Restaurant Space

The cases included in this analysis involved parcels with retail /restaurant space greater than
zero. Some of these parcels included non-zero values of office and parking lot land use
while all other land uses have zero values. This limitation applies to both the pre- and
post-Metro Rail analyses.

Pre-Metro Rail (33 cases)

Sale Price = -38,400 + 38.2 (office space) + 32.9 (parcel size) - 24.9 (parking lot
space)

R* = 0.934

‘Post-Metro Rail {15 cases)

Metro Rail Distance: Slope = -335
: R? = 0.037
Significant at 50.7% level
Sale Price = 50,750 + 60.1 (total improved space) + 43.1 (parking lot space)

R? = (.884
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Delta Value = 752,040 - 1424 (Metro Rail Distance)

R? = 0.017
95% Confidence Interval - 790 to 500
Significant at 36% level

Average Price Increase = $40.4/square foot
Increase due to Metro Rail = $0.69/square foot

. 334 Summary

The analysis for total improved space in the Wilshire/Alvarado station area yielded pre-
and post-Metro Rail models with high R? values of 0.93 and 0.83 respectively. The distance
to Metro Rail stations is significant at the 79% level for the Delta value analysis. The
increase in price that may be attributed to Metro Rail is $1.82 per square foot.

The results for office space showed R? values of 0.96 and 0.83 for the pre- and post-Metro
Rail analyses respectively. The distance to Metro Rail stations is significant at the 98%
level for the Delta value analysis. The increase in price that may be attributed to Metro
Rail is $2.05 per square foot.

The results for retail/restaurant space are also impressive with R* values of 0.93 and 0.88
for the pre- and post-Metro Rail analyses respectively. However, the distance to Metro
Rail stations is significant at the 36% level for the Delta value analysis. The increase in
price attributed to Metro Rail is about $0.69 per square foot.
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CONCLUSIONS

Several general conclusions may be drawn from this study:

1L

42

The analysis of Delta values supports the contention that price escalation of
properties in the vicinity of Metro Rail stations is partially the result of such
proximity to Metro Rail.

The distance to Metro Rail stations is correlated with Delta values for the
geographic area.- land use activity pairs investigated in this study. For the six
geographic area - land use activity pairs with a regression significant at the 70%
level of higher, the R® values range from 0.025 to 0.185. (See Table 1.)

The sale price increases for these same six pairs range from $8.86 to $35.97 per
square foot of total space. . The price increases due to Metro Rail range from $0.28
to $6.04 per square foot. (See Table 1.)

The methodology reported on herein appears promising and shows encouraging
results. While the results in some instances are not statistically significant and
marginally significant in other instances, the overriding consideration is that in
virtually every analysis carried out in this study, the results point in the same
direction - namely, Metro Rail is responsible for at least a portion of the price
increases measured for property sales after 1984.

COMMENTS

Several general comments are made relative to the conduct of the study.

1L

Land use activity in the areas is quite diverse. Consider retail/restaurant space:

a) Financial Area. Most of the retail/restaurant spaces are part of larger
complexes. Thus, the data is a mix of 100% retail /restaurant space and
parcels with 15% or less retail/restaurant space.

b) Central City Area. Almost all of the cases are 100% retail/restaurant spaces
with no other involved land uses.

¢) Wilshire/Alvarado Area. The retail/restaurant spaces vary from 10% to
100% of retail/restaurant space but about 40% of the cases include parking
lot space.
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The diversity implies that one must be careful in selecting the cases to be included
in an analysis.

The same selection rules must apply to both the Pre- and Post-Metro Rail analysis.
As an example, if there are 7 or 8 cases including parking garages in the pre- case
group but none in the post- case group (or vice versa), little will be accomplished
by including cases with parking garages in either analysis. In fact, the results may
provide a distorted picture of Metro Rail impacts.

The data base has many missing data points in the cases. In some instances, the
missing data results in the loss of half the available cases. However, the missing
data is concentrated in a group of variables. These variables were not included in
the analyses. These missing data should be included if available or the variable
should be eliminated.

The data base includes a number of variables related to percent change from one
year ago and the absolute change from one year ago for various economic indices.
Such data is generally of little value in a regression analysis and should be
considered for elimination from the data base. Other variables.appear to be more
involved with financing a purchase rather than with the purchase price.

Research should be performed on refining the list of variables to be included in the
overall data base, on determining the most appropriate sale price ranges on which
to conduct a regression, and a2 more precise definition of cases to be included in the
regression. The selection of cases used in this analysis is rational and can be
duplicated easily. A detailed investigation of outliers in the residual analysis could
be very productive in refining and improving the pre-Metro Rail equations which are
very critical to this procedure.

A process to measure the benefits associated with infrastructure development is a
goal of many agencies. The continued development of this promising methodology
is recommended.
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APPENDIX A

REGRESSION ANALYSIS

The following discussion serves as a brief introduction to regression analysis.
Al DATA

Many samples of data are collected for univariate problems, i.e. the data refer to only one
characteristic for a given observation. Statistics is a science concerned with the evaluation
of a sample of data with the intention of making inferences relative to the parameters of
the population from which the sample was taken and to test hypotheses about populations.
As an example, one could collect a sample of automobile speeds, estimate the mean speed
of the sample, and make inferences related to the mean speed of the population of auto
speeds from which the sample was taken. Similarly, one could collect a sample of truck
speeds and test the hypothesis that there is no difference between the mean speeds of
automobiles and trucks.

The numerical values observed for each data point may be plotted on a scale as shown in
Figure A-1(a). Each numeric value is termed a random variable and may be either a
discrete random variable or a continuous random variable. Discrete refers to an outcome
described by an integer such as the number of people in a passing automobile. If one
observed the numbers of people in 50 passing cars, one could count the number of times
one person was observed in a car and calculate the probability of observing one person by
dividing the number by 50. The probabilities could be calculated for observing 1, 2, 3, 4
and 5 persons in a car and plotted on a histogram. A functional relationship which
mathematically describes the histogram is called a probability distribution function.
Probability functions associated with discrete random variables include the binomial,
hypergeometric, Poisson and geometric distributions. Such distributions are useful in
applications such as quality control and queuing theory. An example of a Poisson
distribution is shown in Figure A-1(d).

Continuous random variables refer to outcomes observed over a continuum such as time,
electric power consumption, or the price paid for real property. In a manner similar to
that for discrete variables, one could calculate the probability of observing values within a
given interval and plotting a histogram. A functional relationship which mathematically
describes the histogram is called a probability density function. In reality, a function with
certain attributes is selected and its "fit" with observed data is determined. Probability
density functions associated with continuous random variables include the normal, uniform,
beta, Weibull and exponential density functions. Important sampling distributions are the
t, F, and chi-square distributions. Each of these distributions has particular application to
phenomena characterized by the distributions. The typical bell shaped curve associated
with the normal distribution is illustrated in Figure A-1(b). Figure A-1(c) shows a density
function skewed toward one end of the domain of definition.
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A2 DESCRIPTIVE MEASURES

A probability density function has an assoc1ated measure of its center, the mean, and of its
spread, the variance. The Greek 4 and o’ are used to indicate the theoretical mean and
variance of the density function while ¥ and s’ indicate the mean and variance of a set of
observed data. The mean of a sample is defined as the sum of the observed y values
divided by n, the sample size. The variance of n observations of y is defined as the average
of their squared deviations from their mean, y. The actual devisor is n-1 rather than n.
Note that the sum of all deviations about ¥ is zero and that a single y has no deviation.
Thus, at least two observations are required to calculate deviations about the mean.
Division by n-1 accounts for the degree of freedom used in calculating the mean. The
numerator of the variance, the sum of squares of deviations about the mean, is termed
the total sum of squares for y.

The standard deviation of y is defined as the square root of the variance. The mean and
the standard deviation are the parameters which define the normal distribution. For a
normally distributed random variable, the following distribution values apply:

1) 68.26% of the observations are within plus or minus 1 standard deviation of
the mean.

2) 95.00% of the observations are within plus or minus 1.96 standard deviations
of the mean.

3) 99.00% of the observations are within plus of minus 2.57 standard deviations
of the mean.

The numbers of standard deviations in these 3 examples are termed the normal deviates
and are symbolized by 2. Tables of normal deviates are found in many textbooks.

The mean of a random sample taken from a normally dlstrlbuted population is a random
variable whose distribution has the mean s and variance o° divided by n. Thus, a sample
of size n has mean ¥ and standard deviation s while the distribution of sample means has
mean y and standard deviation s divided by the square root of n. The standard deviation
of sample means is usually referred to as the standard error of the mean.

A3 ESTIMATION AND HYPOTHESES

The standardized mean is the statistic employed in developing interval estimates of
population parameters and in testing hypotheses related to the parameters. The
standardized mean is the difference between the sample mean, ¥, and the population mean,
u, divided by the standard error of the mean. This statistic is distributed as the standard
normal distribution for large values of n, the sample size. In the general case, the
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value of ¢ is unknown and the sample standard deviation is used. For small values of n
(less than 30), this statistic is distributed as t with n-1 degrees of freedom. When n = 30
or more, the statistic is approximately normally distributed and set equal to z, the normal
deviate:

Some algebraic manipulation enables one to set up a confidence interval for x. For large
n, a 95% confidence interval for y is given by :

Y + 1.96s//n

As an example, consider a sample of size 100 with a mean of 21.6 and a standard deviation
of 5.1. A 95% confidence interval on the population mean is given by:

21.6 + 1.96 * 5.1/10,

and constitutes the interval from 20.6 to 22.6. It cannot be known with certainty if the
population mean is included in this interval or not. However, the method used to construct
the interval is 95 percent reliable and can be expected to work 95 percent of the time.

Many problems in analysis are concerned with more than merely the value of a parameter.
A decision is sought as to whether the value exceeds a certain number, is less than a
certain number, etc. The question is whether these statements (hypotheses) are true or
false. In the above example, one could test the hypothesis that the population mean is
equal to 21 against the alternative hypothesis that the population mean is not equal to 21.
For these data, the hypothesis cannot be rejected and one is 95% confident that the
population mean lies in the interval 20.6 to 22.6 which includes 21. On the other hand,
one could test the hypothesis that the population mean is equal to 20.5. In this case the
hypothesis can be rejected and one is 95% confident that the population mean represented
by the sample is different from 20.5. The difference is said to be significant at the 95%
level. One could test the hypothesis at the 99% confidence level by substituting the normal
deviate, z = 2.57, in the above example. This produces an acceptance interval of 20.3 to
22.9 and the hypothesis cannot be rejected.

The fact that the hypothesis can be accepted or rejected at different significant levels
illustrates that errors can be made in testing hypotheses. A true hypothesis can be rejected
and a false one accepted. The analyst must assess the risks associated with these errors
and devise a sampling program and testing procedure to minimize the risks and achieve
appropriate results. Note that the sample size is an important factor. The larger the
sample size, the smaller the standard error of the mean, and the smaller the interval
involved in hypothesis testing.
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A4 REGRESSION ANALYSIS

In many problems, one is concerned with making predictions about certain operations or
processes. This implies the development of a formula which relates the dependent variable
(whose value one wants to predict) to one or more independent variables. A set of
observations on y, the dependent variable, is plotted on a univariate scale in Figure 2(a).
This distribution of y values is characterized by a mean, a variance, and a total sum of
squares. For each y value, a value of x;, is recorded. A plot of y versus x,, is shown in
Figure A-2(b). This plot indicates that some linear association between y and x,, exists
and that more information on the variability of y is available than provided by the
univariate data set.

The analysis used to gain this additional information is regression analysis. The
relationship of interest is between x and the mean of the distribution of the y’s and is
referred to as the regression of y on x. A linear relationship between y and x is expressed
as:

y =a + bx
where:

y is the dependent variable,

x is the independent variable,

a is the intercept, the value of y when x is zero, and

b is the slope of the regression line, the change in y per unit change in x.

The problem is expressed as follows: there are n paired observations (x; y;) for which a

linear regression of y on x is assumed and the equation of the line which provides the best
fit to the observed data is to be determined. Suppose y is predicted by the equation:

Y;=a+ bx

where a and b are constants and estimates of population parameters alpha and beta
respectively. Obviously, the predicted value of y will seldom be equal to the observed
value of y and the difference is m,, the error term:

Y- ¥ = oy
The methodology consists of calculating a and b so as to minimize the error term. In this
context, the sum of m; over i = 1 to n can be made to equal zero by any of an infinite
number of lines which pass through ¥ because all positive and negative values cancel out.
Thus, the sum of squares of the m; is minimized instead.

The expression for the error term is:

m =y -y;
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and the expression for the predicted y is:
Y; =a+ by
Substitution of the second expression into the first yields:

m; =y;-(a + bx)

This expression is squared, summed over i from 1 to n, and minimized. In Figure A-2(b)
the following distances are observed:

(1)  the deviation of the observed y from,

(2) the deviation of the predicted y from y (the amount of the deviation
"explained" by the regression line),

(3)  the deviation of the observed y from the predicted y, the error term.

The procedure is equivalent to minimizing the sum of squares of the vertical distances
represented by (3) for all observations in the sample.

A condition under which the sum of squares expression is minimized is that the partial
derivatives with respect to a and b are equal to zero. Completion of this step yields the
normal equations:

SUM(y,) = an + bSUM(x;)
SUM(x*y;) = aSUM(x) + bSUM(x?)

in which summation is over i = 1 to n. For n paired observations of y and x, these
equations are solved simultaneously for a and b. From a statistical standpoint, the method
of least squares as outlined here provides the most reliable estimators of a and b because
the least square estimators have the smallest variance.

Further study of Figure A-2(b) indicates that data on a second independent variable may
provide even more information on the variability of the y’s. In this instance, data is
collected for n-tuples of observations for y and each independent variable mcluded The
procedure is the same. A linear model of the form:

y=a+ bx, + bx,

is assumed. An expression for the error term is formulated, squared and summed. Partial
derivatives with respect to a, b,, and b, are taken and equated to zero. The resulting set
of 3 normal equations is solved simultaneously for the least square estimates of a, b,, and
b,. The result is illustrated in Figure A-2(c) which shows a family of 3 lines, each showing
the relationship between y and x, for 3 different levels of x,. Note the reduction in the
error term from distance (3) in Figure A-2(b) to distance (4) in Figure A-2(c). Thus, a
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very substantive portion of the variability in the y’s is explained by the additional
information provided by x; and x,.

In the example data illustrated in Figure A-2, the values of x; and x, appear to be selected
at certain predetermined levels. Data coding procedures are available for reducing the
amount of computation required for fixed values of the x’s. In the general case, however,
the x’s as well as the y’s are samples of random variables. If this were the case, the data
in Figure A-2 would not look quite so obvious with respect to the 3 levels of x, although
the information provided by x, could be just as valuable. For this reason, the statement
above that Figure A-2(c) shows a family of 3 lines is not strictly correct. The correct
interpretation is that of a surface and must be visualized in 3 dimensions. For 3 or more
independent variables, the interpretation is very difficult because visualization must be in
4 or more dimensions.

AS5 SOME REGRESSION STATISTICS

The least squares procedure provides estimates of population parameters such as the
intercept and the slopes associated with each independent variable. In order to make
inferences about population parameters, the major requirements are the standard errors of
the statistics. The population variance of the errors is not known but must be estimated.
The error term is defined as the difference between the observed and predicted values of
y. This error term is referred to as the residual. The estimate of the population variance
of the errors is the sum of squares of residuals divided by n-p-1 where p is the number of
independent variables in the estimating equation. In every case, the number of degrees of
freedom is reduced by 1 due to the estimate of ¥ (as explained earlier) and by 1 for each
estimated slope for the independent variables. The positive square root of the estimated
population of errors variance is the standard error of the estimate or alternately, the
standard deviation of the residuals.

The standard errors for the intercept and slopes are calculated in terms of the standard
error of the estimate. Then, confidence intervals can be calculated and hypotheses tested
just as described in Section A.3. Recall that 95% confidence means that if a large number
of samples are taken from a population and 95% confidence intervals are calculated for
each sample, 95% of the confidence intervals will include the unknown population
parameter.

The total sum of squares for y is partitioned into two components, the regression sum of
squares and the residual sum of squares. This procedure is referenced to Figure A-2(b).
The total sum of squares refers to the squares of deviations represented by distance (1).
The regression sum of squares refers to the squares of deviations represented by distance
(2). The residual sum of squares refers to the squares of deviations represented by
distance (3). The mean square for regression is calculated by dividing the sum of squares
for regression by p, the degrees of freedom for regression. The mean square for residuals
is caleulated by dividing the sum of squares for residuals by n-p-1, the degrees of freedom
for residuals. The ratio of the mean square for regression to the mean square for residuals
is distributed as the F-statistic with p and n-p-1 degrees of freedom. The probability of
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observing this value of F is calculated. If the F-statistic is large, the probability associated
with F is small and a hypothesis of no linear relationship is rejected. If the F-statistic is
small, the probability will be large and the hypothesis may be accepted. Most often, the
probability level for acceptance/rejection is set at 0.05 for 95% confidence in the result.
In this context, the probability level is called the significance level.

A common measure for the goodness of fit of a linear model is the coefficient of
determination, R%. R? is the proportion of the variability in the dependent variable
explained by the linear model:

, Regression Sum of Squares
R* =

Total Sum of Squares

An assumption in regression analysis is that the residuals (difference between observed and
predicted y’s) are random variables which are normally and independently distributed with
a mean of 0 and a common variance described above as the population of errors variance.
The normality assumption is tested by application of the Chi Square Goodness of Fit test
or the more powerful Kolmogorov Smirnov Goodness of Fit test. The Null Hypothesis is
that the observed distribution of residuals is normal while the alternate hypothesis is that
the distribution of residuals is not normal. In applications such as this, one is more
concerned with showing that the observed and theoretical distributions are the same rather
than that they are different. In order to show a difference, one wants the confidence level
to be quite high, say 95% or 99%. For a goodness of fit test, one wants the confidence
level to be quite low to show that no difference exists. However, in applications involving
the normal distribution, acceptance of the Null Hypothesis would be satisfactory even at a
very high confidence level as 99%.

When there are several independent variables in a regression analysis, there must be a
procedure for entering the first independent variable, for entering subsequent independent
variables, and for terminating the procedure. In the procedure, the F-test for the
hypothesis that the coefficien