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Chapter 1: Multi -criteria Decision Analysis

1.1 Introduction

According to Florida Chamber of commerce, Florida ranks number one in the US in terms of
transportation infrastructure rankings. It is the third largest state by population, after California
and Texas with a yearly growth rate of mdhan 1.5%. Orlando is the most thriving city of

the Central Florida region; its growth being bolstered by its job creation rate (1,000 jobs are
added per week). The economic and demographic trends suggest that Orlando has an expanding
consumer market drthese trends are set to drive increased demand for passengers and freight
transportation in the coming years. To accommodate the future demand in an efficient and
sustainable manner, several small and big transportation projects are underway in the regio
including second phase of SunRail commuter rail extensibexpansion, and bicycle sharing
system (Juice) introduction. The impacts of these investments can be classified into two broad
categories: transportation system effects that result in dieeeffibs for system users (drivers,
passengers, companies) and community (social and economic) effects that affect the
community as a whole. There are wedlfined performance measures, based on engineering
and economic criteria, for assessing the direstesy user benefits. For example, how a new
facility leads to reduced journey time or reduced travel cost. On the other hand, such indicators
are scarce for assessing the community impacts of transportation projects.

In the previous phase of research, xaraine the community impacts tifreetransportation
infrastructure investment projedtsSunRail commuter rail extensiondlexpansion and Juice
bicycle sharing systerwe proposed five community impact assessment measures or measures
of effectivenessNIOE):

(1) property value change: computed as change in property value in the vicinity of the chosen
projects by land use type for (1) Single family residential, (2) Multiple family residential, (3)
Retail/Office area, (4) Institutional, and (5) Industfaaid use.

(2) changes to job accessibility: estimated as the change in number of jobs accessible around
the chosen investment projects,

(3) commuting time change: evaluated as change in commuting time in the vicinity of the
chosen projects,

(4) land usaype change: measured as change in vacant land use type to other land use patterns

(5) changes to travel patterns for zero car households: estimated as change in travel mode
patterns for work travel

The development of these MOEs was a data intensivegziotieese indicators/measures were
developed by collating appropriate data collected from different sources using the ArcGIS
platform. While the MOE generation and evaluation provided visual and qualitative
understanding of the impact of these investméhese was no overall quantitative finding
from the analysis from the last phase.

In this phase of research, the research tieausedon two objectivesparsing the comparison
results to identify the community benefits to the region.fireeobjectiveof the research effort

was to develop and implement a framework to compare the changes in MOEs across scenarios
to identify benefits to the€entral Floridaregion. Through this framework, a net positive,



neutral or negative rating of a projeeinbe provded for the three projects chosen abdve

second objective of the research was on conducting an extensive knowledge transfer activity
through the development and delivery of training to FDOT personnel. Specifically, through
webinars and supporting marsiawe provide stepy-step guidance on the various data
preparation, data download and data analysis tasks conducted for the project from all phases 1
through 4.

The report is organized as follows. Chapter 1 focuses on the framework development and
implementation of multcriterion decision analysis. Chapter 2 provides a summary of the
knowledge transfer activitiaghile supporting material is provided in the Appendidée rest

of Chapterl is organized as followsSection 2 presents the outcome ofratere review
performed in this studySection3 provides a detailed overview of methodological approach.

In the next section, detailed analysis is presented with final outcome of the analysis. Finally,
section5 concludes thehapter

1.2 Literature Review

Multi-criteria Decision Making (MCDM) ia general class of operations research mahbats
are associatedith decisionprocesses ithe presence of a number of decision critdvi@DM

can be classified into two categories: (1) Multi objective decision mga¥iODM) and (2)
Multi attribute decision making (MADM) (see Figure The main distinction between the two
groups of methodis based on the determination of alternatives. In MO@lMgoreferred tcas
multi objective programming or a vector optimizafimaximization/minimization problem
the alternatives are ngredetermined but instead a set of objective functions is optimized
subject to a set of constrain{€ristéba] 2011) In MADM, where alternatives are
predetermined, a small number of alternatieee to be evaluatejainst a set of attributes
(Cristéba) 2011) As MADM is relevant to our study context, we confine our review of
literature to MADM models.

Multi Criteria
Decision Analysis

(MCDA)
Multi objective Multi -attribute
decision making decision making
(MODM) (MADM)
| |

1) Alternatives are not predeterminec

2) A set of objective functions is
optimized subject to a set of
constraints

A small number of alternatives are
evaluated against a set of attributes

Figure 1: Classification of multicriteria decision making

1.2.1 Multi-Attribute Decision Making(MADM)

Multi-Attribute Decision Making (MADM) is a welgstablished branch of decision making.
There are number of methods that are commonly employed as a part of MADM. While the
methods differ in terms of their complexity, the mlearchitecture is consistent across these
methods.



l Step 1: Defining alternativ%s
I
l Step 2: Identifying differen]
criteria
I
Step 3: Weighting each
l criterion
I
l Step 4: Measuring each
criterion ]
|
l Step 5: Scoring each
alternative J
|
l Step 6: Ranking the
alternatives J

Figure 2: Hierarchical process of muiéittribute decision making

MADM models follow a hierarchical process presented in Figure 2. lfirftestep of the
analysis differert alternatives are chosen by the decision makers. For example, expansion of
existing roadway and improving transit system can be two alternatives for meeting increased
transportation demand. In teecond stepcriteria or performance measures are deflreeskd

on project objectives by the decision makers such as travel time reduction, property value
change, increasing job accessibility etc. Inttiied step each criterion is assigned weightage

by the stakeholders based on their judgment. For examplel tiae reduction and property
value change get 4 points and job accessibility gets 3 points. ihh@fourth step each
criterion is measured for each alternative. For example: property value may change by 10%
and 15% respectively for the abenentoned alternatives. Ithefifth step each alternative is
scored based on their criteria values and criteria specific weights.findhstep alternatives

are ranked based on their scores.

Table 1provides a reverse chronological summary of the stut@viewed, specific MADM

model employed, weighting method, and if the study is applied in the transportation domain.
Several observations can be made from the summary. First, the various methods considered in
the literature include:

(a) Weighted sum mébd (WSM)

(b) Weighted product method (WPM)

(c) Analytical hierarchy process (AHP)

(d) VIKOR Method

(e) Preference ranking organization method for enrichment evalU@ROMETHEE)
(f) The elimination and choice translating reality (ELECTRE

(g9) Thetechnique for order preference by similarity to ideal solutions (TOPSIS
(h) Compromise programming (CBhd

(g) Multi-attribute utility theory (MAUT)

Based on the review, the most commonly employed approach is the Analytical hierarchy
process. Approdes a through e have been employed multiple times in the literature. Second,
the weighting approaches considered include: (a) Five points rating, (b) Point allocation, and



(c) Pairwise comparison. Of these approaches, the pairwise comparison methoohastthe
commonly employed. Finally, the application of MADM methods in transportation literature,
while prevalent, is still not very frequent. We provided details of the MADM models and

weighting methods in the subsequent-sabtions.

Table 1: Reviewed Literature in DM

Study Model Weighting method transﬁgﬁgﬁgr:c’r:riject?
Bottero et al., 2018 PROMETHEE Point allocation Yes
Song and Kong, 2016 Analytical Hierarchy Pairwise comparison No
Til et al., 2014 . Review of aailable No
methods
Cristébal, 2011 VIKOR method Pairwise comparison No
Afshari et. al., 2010 Weighted sum Pairwise comparison No
method
Daégdeviren AHP and Pairwise comparison No
PROMETHEE
Saaty, 2008 Analytical Hierarchy Pairwise comparison No
Macharis et al., 2007 Multi-actor Mult: - Yes
criteria
Yan et al., 2007 PROMETHEE Point allocation No
Yang and Hung, 2007 TOP?IgpaSr]gszy Five points rating No
Eg{;‘%@?gggg'os and PROMETHEE Point allocation No
Lai et al., 2002 Analytical Hierarchy Pairwise comparison No
Pohekar and Review of available _ No
Ramachandran, 2001 method
Combined Data
SinuanyStern et al., 200C AnaEI)r/]s\,/iik()BEK)n E';m d Pairwise comparison No
AHP
Triantaphyllou and Review of available _ No
Sanchez, 1997 method
Simulation
Zanakis et al., 1998 comparison between  Pairwise comparison No
MCDM methods
Saito, 1987 Analytical Hierardy Pairwise comparison Yes
Saaty, 1980 Analytical Hierarchy Pairwise comparison No

1.2.2 Prevalent MADM Models

To describe the MADM models in detail we focus on the five most commonly adopted
approaches (a). The models are illustrated through numerical em@ntations for ease of

understanding.

1.2.2.1Weighted Sum MethdqtVSM)

The weighted summethod(WSM) is the simplest anthe most widelyused MADM method
If there are M alternatives and N criterihen the best alternative is the one that satisfies the

following expression (Triantaphyllou and Sanchez, 1997):

0 D OW W]

Where,i =

1, 2, 3,

M
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rtance, drnt wei qaqHts, o assumeshitmaits tdlewdyd |

B1 p
To illustrate the method, consider the following example. Three Projects A, B and C are three
alternative projects to be considered by the decisionmakers. Hence,

Alternative 1, A = Project A
Alternative 2, A = Project B
Alternative 3, A= Project C

For these three projects, five measure of effectiveness or five criteria have been estimated. So,
five criteria are:

Criterion 1, G = Property value by land use type
Criterion 2, G = Land use changes over time

Criterion 3,Cs = Accessibility to employment

Criterion 4, G = Travel commuting time

Criterion 5, G = Travel patterns for zero car households

In the next step, the aboweentioned criteria need to be weighted suchBhat p. As s ume

that the assigned weights of the criteria ar
Table 2: Weights of different criteria
Criteria Ca Cz Cs Ca Cs
Weight, 0 = 0.3 0.2 0.2 0.2 0.1

Now, each of the alternatives needs to be scorestb@s each criterion to get the evaluation
matrix. For demonstration, evaluation matrix of the alternative is shown below:

Table 3:; Value of criteria obtained from detailed evaluation

Alternatives C:1 C> Cs Cs Cs

Project A 10% 20% 10% 30% 5%
Project B 20% 30% 10% 10% 15%
Project C 30% 10% 20% 10% 20%

Based on the weights assigned and the value of the criteria, each alternative can be scored.
Score of alternative 1 =0.3x10+0.2x20+0.2x 10+ 0.2 x 30 + 0.1 x5 = 1565sdtmes
of all alternatives is shown in table below:

Table 4. Scoring of alternatives

Alternatives Scores
Project A 155
Project B 175
Project C 19.0

On the basis of scores, alternatives are ranked and the alternative, thavinghest score, is

ranked .




Table 5: Rank of the alternatives

Alternatives Rank
Project A 3
Project B 2
Project C 1

In our example, Project C would be the preferred project.

1.2.2.2Weighted Product Mod€¢\WWPM)

The weighted grduct model (WPM) isnalogous to th&/SM. Thedistinction between two
methodsis that instead oadding the scores for each criterion, scores are multipiadh
alternativeis compared to each one by multiplying a number of ratios, one forcegaton.
Each ratio is raised to the power equivalent to the relative weight cbtresponding criterion
(Triantaphyllou and Sanchez, 199If) general, in order to compare the alternativeando
the following product is obtained:

— o6

is the numbes ohecactenliayvalue of jthhe i t}F
ri osa, t hmdwkei gmpojfftancteioebint hgreater tha

e
rnatsi viomre desirabl(ei nt htahne anhatxei Fmi aztaitviéoen
l ous example illustrated i@remetctcoint er.iz
arized bel ow:

Table 6: Weights and value of different criteria

. Criteria
Alternatives L ) Cs Ca Ce
We i gdvt |, 03 0. 2 02 02 01
Project A 10% 20% 10% 30% 5%
Project B 20% 30% 10% 10% 15%
ProjectC 30% 10% 20% 10% 20%

In the next step, alternatives can be compared to each other based on weights and criterion
measure usingboveequationFor example: alternative 1 can be compared to alternative 2 by

the functional value oY — .

'Y — = (10/203x (20/30§2 x (10/1092x (30/1092x (5/1501= 0.836

Alternative 2 is preferred over alternative 1"¥s— is less than 1. Comparison between
available alternatives is shown in following table:

Table 7: Table of preference by WPM

Comparing alternatives =| j— Preference Rank
Project A 0.836 2
Project B 0.778 3
Project C 0.933 1

Therefore, it can be concluded that Project C is the most preferred project areong th
alternatives considered. The result for the most preferred alternative is similar to what was
obtained for WSM approach.



1.2.2.3The Analytical Hierarchical Proceg&\HP)

Analytical Hierarchy Process (AHP) is developedTbl. Saaty(1980). In this methodthe
decision hierarchys structuredrom the top with the goal of the decision, thencheeria to

be fulfilled for achieving the goal to the alternatives considered at the bottom. For example,
improving existing transportation infrastructure is the maitu§ of a transportation project

and land value change, travel commuting time and accessibility to employment are set as the
criteria. At the bottom of hierarchy, two alternatives (e.g. Project A and Project B) are selected.
Based on this scenario, hiefayccan be structured as presented in Figure 3:

Improving
transportation
infrastructure

Land value
change

Project B

Project A

Figure 3: The analytical hierarchy process

In the following stepa set of pairwise comparison matricesonstructedeach element in an
upper level is used to compare theneénts in the level immediately below with respect to it.
Priority of each criterion can be derived by normalizing elements of each column and then,
summing each row to get priority column. At the last step, elements of priority column also
need to be noralized by their sum. For example: land value change is used to compare Project
A and Project B as follows:

Table 8: Priority table by AHP

Alternatives Project A Project B Priority
Project A 1 4 4/5
Project B 1/4 1 1/5

In the last step of the analysihe priorities obtained from the comparisons and weights of

criteriaare usedo get the overall priorities of alternatives.

Table 9: Ranking by AHP

. Land value | Travel commuting Job
Criteria change time accessibility I(D)r\ll grriaty" Rank
Weights 0.2 04 0.4
Project A 0.8 0.5 0.4 0.52 1
Project B 0.2 0.5 0.6 0.48 2

1.2.2.4VIKOR Method

The Compromise Ranking method, also kn@asgnthe VIKOR method, introduces the Multi
criteria ranking index based on the partés measureoi c |l oseness o
(Cristobal 2011). Basic steps of VIKOR method with its application on previous example

showed in section 2.2.1 are described below:

to




Step 1: Alternatives and criteria are defined. In this section, attees and criteria will be
same as section 2.2.1. Table 2 and Table 3 are used for weights and value of criteria

respective

ly.

Step2: Deter mi n®amlde t h@svtad uets of

al |

cr

i teri

on
eeé.n. liff trheet i on repr e entn@an®eneBltn t hen
contragfunkct i oher epr@senQasnt=con@g8Actchemi ng t
Tabl e 3:
"= Max (Property value change) = 30
"3= Max (Land use changes) = 30
"= Max (Job accessibility) = 20
"= Max (Travel commuting time change) = 30
A= Max (Travel pattern change) = 20
Q= Min (Property value change) = 10
Q= Min (Land use changes) = 10
Q= Min (Job accessibility) = 10
Q= Min (Travel commuting time change) = 10
Q= Min (Travel) patht ern chang
Stegomput e tYaem'dV¥ g u=e slé,é  2u,sidn,g the expression
nY _| “Q “Q 7 "Q “Q
Y add Q MQTQQ
Thus,’Yan d&¥yf or t he three alternatives are presenit
Table 10: Estimation of§ andR
Alternatives Criteria
Ci1 C2 Cs Cs Cs
Weight, © 0.3 0.2 0.2 0.2 0.1 ] 9
f 30 30 20 30 20
f- 10 10 10 10 5
Project A 10 20 10 30 5 0.70 0.30
Project B 20 30 10 10 15 0.58 0.20
Project C 30 10 20 10 20 0.40 0.20

Step 4: Determine Index, using the following equation and the alternative with lowlest s
toabevehe

consi

der ed

p

best

Y

Y T'Y

al ter

Y
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s introduced as a weight for the’'rsampdsgy
om QAdsoumed 0.5 . fHAGRt=GIESY=e 0ad MOk @&@P= 0. 70,
Y=a®RY= 0ar”¥® da®¥= 0.30. Using the abdwe dqua:
1, 2 and 3 are provided in Table 11:

Table 11. Ranking by VIKORmethod

Alternatives I Rank
Project A 1.00 3
Project B 0.30 2
Project C 0.00 1

1.2.2.5Preference Ranking Organization Methiod Enrichment Evaluation

(PROMETHEE)
Preference ranking organization method for enrichment evaluation (PROMETHEE) performs
a pair-wise comparison of alternatives (Bottero et al., 20B8sic steps of PROMETHEE
method is illustrated below:

Evaluation matrix of the
alternatives A and B

Estimating Preference Functi
between two alternatives

Determining overall prefereng

Determining inflow and outflo

Estimating net flow

Rank the alternatives

Figure 4: Steps of PROMETHEE method

The steps of PROMETHEE method is described briefly below using the exarsptédd in
section 2.2.1:

Step 1: An evaluation matrix between two alternatives is construdteddmatrix accounts for
deviations of evaluations on pairwise comparisons of two alternattves)d B, on each
criterion.For example: evaluation matrix shownTable 3.

Step 2:ldentify the preference functioBo(¢) &) for each criterion.jThe method uses
preference functioBo(6) &) which is a function of the difference between two alternatives a

and b for any criteriof. Based on threshold valsidor the difference, preference function is
assigned values of 1 and 0O where A00 represce
two alternatives, a and b.

D@ =1 if fai foj OC

12



=0 if fqif< jd

For the example in section 2.2.1, value$afy &) using threshold value 10 is shown in table
below:

Table 12;: Preference matrix

Criteria P (1,2 P (1,3) P(2,1) P (2,3) P(3,1) P (3,2
1 0 0 1 0 1 1
2 0 1 1 1 0 0
3 0 0 0 0 1 1
4 1 1 0 0 0 0
5 0 0 1 0 1 0

Step3Cal cettheat over al | pdive. The ownalcpeferencedirelex (¢ ¢)
represents the intensity of preference of a over b and it is calculsiegl thefollowing
formula

~
v~

1 0 ¢ho

Using above equation, Table 12 and Table 2, overall preference index for all combination of
alternatives is tabulated below:

Table 13; Overall Index Calculation

Overall
Preference (1, 2) 1,3) (2,1) (2, 3) (3,1) 3, 2)
Index
Estimated 0.2 0.4 0.6 0.2 0.6 0.5
value
Step 4 Cal cul ate the ou%ram#&i nggadiBwa, f i ow
PROMETHEE met hod, two flow measale¢esraani be.c
positive flow (it expresses how alternative
% P hd
€ P
And negative flow (it expresses how alternat
% ahéd
€ P

Positive and negative flows for three altern

Table 14: Outranking Flow Calculation

Alternatives Positive flow Negative flow
Project A 1%*(0.2+0.4) = 0.30 1%*(0.6+0.6) = 0.60
Projec¢ B 0.40 0.35
Project C 0.65 0.30
St efohegtahe outranking flows to defThee
the net f1l ow, t hTeh eb entette rf Itohwe: al t er nat

%0 %o - %o




Net flow of three alternative®er thegiven example is tabulated below:

Table 15. Net Flow and Ranking by PROMETHEE

Alternatives Net flow Rank
Project A -0.30 3
Project B 0.05 2
Project C 0.35 1

1.2.3 Weighing the Criteria

As described earlier, an importaneeient of the MADM approaches is the development of
weights for the evaluation criteria. Several weighting methods have been discussed in literature
(see van Til et al., 2014). We describe three common methods that are useful for our research.

1.2.3.1 The five paits rating method

This exercise is a technique in which all criteria are rated on gf6iveé scale ranging from

(1) not important to (5) very importafirom the scores obtained, weights of each criterion can
be computed by normalizing the points by kstam of the points.

1.2.3.2 Point allocation (PA)

In this method, a budget of 100 points is allocadetbss differentriteria to reflect their
relative importanceand these assigned points can be used as weights (by dividing them with
100).

1.2.3.3 The pairwise compasbn (PC) technique

In this approach, weompareall possible pairs ofriteria(e.g. Criteria A and Criteria B)n a
reciprocal numerical rating scale ranging fra® (extremepreference for criterid) to 9
(extremepreference for criterid). A descrigion of the mmerical scale for preference rating
is given below:

Table 16: Preference rating point table
Definition

Equal importance

Weak or slightly important
Moderate importance
Moderate plus

Strong importance

Strong plus

Very, very strong

Extreme importance

Preference rating

OO (N0 IN|[F-

* T.L. Saaty (2008)
An example of pairwise relationships for four criteria is provided in Table 17.
Table 17: Pairwise comparison Matrix

Criteria 1 2 3 4
1 1 4 3 6
2 1/4 1 3 5
3 1/3 1/3 1 2
4 1/6 1/5 1/2 1

Priorities of the criteria can be computed from the pairwise comparison matrix. First, elements
of each column are normalized by sum of the column (See Table 18). Then elements of each

14



row are summed tget priority column. Elements of priority column are normalized at the last
step (see Table 18 column 6 and 7).

Table 18 Determining priorities from Pairwise comparison matrix

Criteria 1 2 3 4 Priorities qumahzed
Priorities

1 0.57 0.72 0.40 0.43 2.12 0.53

2 0.14 0.18 0.40 0.36 1.08 0.27

3 0.19 0.06 0.13 0.14 0.53 0.13

4 0.10 0.04 0.07 0.07 0.27 0.07

1.3 Methodology

1.3.1 Weighting of Criteria
In this study, we will follow pairwise comparison method for determining weights of the

criteria. We compare all possible pairs of criteria (e.g. Criteria A and Criteria B) on a reciprocal
numerical rating scale ranging from 1/9 (extreme preference for criteria B) to 9 (extreme

preference for criteria A). Numerical scale for preference rasigiven below:

Table 19: Preference Rating Point Table

Preference rating

Definition

Equal importance

Weak or slightly important

Moderate importance

Moderate plus

Strong importance

Strong plus

Very strong

OIN|O|O|R~[W|IN]|F

Very, very strong

9

Extreme importance

Source: T.L. Saaty (2008)

To illustrate the use of the process from Tal8ecbnsider the following example. Between
criteria A and B, an individual prefers A very strongly. In that case the rating for A versus B
will be scored as 7 and B versus A will be scored as 1/7. Once a ranking for A versus B is

avail abl e, the ranking for B versus A
pairwise relationships for four criteria is provided in Talide 2
Table 20: Pairwise Comparison Matrix

Criteria 1 2 3 4

1 1 4 3 6

2 1/4 1 3 5

3 1/3 1/3 1 2

4 1/6 1/5 1/2 1

Priorities of the criteria can be computed from thgwise comparison matrix. First, elements

of each column are normalized by sum of the column (See 2apl@hen elements of each

row are summed to get priority column. Elements of priority column are normalized at the last

step (see Tabl21l column 6 ad 7).
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Table 21: Determining Priorities from Pairwise Comparison Matrix

Criteria 1 2 3 4 Priorities Normalized
Priorities

1 0.57 0.72 0.4 0.43 2.12 0.53

2 0.14 0.18 0.4 0.36 1.08 0.27

3 0.19 0.06 0.13 0.14 0.53 0.13

4 0.1 0.04 0.07 0.07 0.27 0.07

1.3.2 Scores of the Criteria
Scores of the criteria are one of the basic inputs for evaluating the projects considered. Five
MOEs for the three projects in consideration are set as the evaluation criteria in this analysis.
These criteria @& scored based on percentage changes of them in case and control area from
year 2011 to 2017. For example, commuting travel times in case area of project A are 25
minutes and 20 minutes in 2011 and 2017, respectively. Commuting travel times in control
areaof project A are 30 minutes and 28 minutes in 2011 and 2017, respectively. Therefore,
commuting travel time reduction in case and control are 20% and 6.67%. We will take the

difference of these percentage changes, therefore, 13.33% as the score of mgriraui
time for project A. Similarly, other criteria are scored with justified modification in few cases.

1.3.3 Scoring and Ranking the Projects
In the final part of the analysis, three projects are scored and ranked using scores of the

criteria and respectvweights. While scoring the projects, we will use weighted average
methods. To provide an example, scoring of project A using assumed values of weights and
criteria is presented in TabB2.

Table 22 Scoring Example of the Project

Criteria 1 2 3 4

: Scores Rank
Weights 0.53 0.27 0.13 0.07
Project A 10 20 15 15 13.7 3
Project B 15 30 5 10 17.4 1
Project C 25 5 15 10 17.25 2

1.4 Analysis and Results

1.4.1 Weighting of Criteria
To weight the criteria, pairwise comparison method has bédepted in this study. To get
(FDOT)
judgmental weights for the criteria in pairs in a scale of 1/9 to 9. Total 21 responses were
collected and average values of the pairwissaghts were taken for computing the final
normalized weights. Average pairwise weights of different criteria are presented in following

stakehol

Table23:

der 6s

assigned

v al

ues
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Table 23: Pairwise Comparison of Criteria (MOEs) Based on Survey

Criteria Progerty value Job Commuting Land Use Travel
change accessibility time Change Pattern
Property value 1.000 0.198 0.178 0.236 0.221
change
Job accessibility 5.048 1.000 0.187 0.274 0.258
Commuting time 5.619 5.360 1.000 0.280 0.235
Land Use Change 4.238 3.644 3.573 1.000 0.250
Travel Pattern 4,524 3.878 4.251 4.000 1.000

Weights of the criteria can be computed from the pairwise comparison matrix. First, elements
of each column are normalized by sum of the column (See 24dhl&@hen elements of each

row ae summed to get weights column. Elements of weights column are normalized at the last
step (see Tabl24 column 7 and 8).

Table 24: Weights of the Criteria

- Property Job Commuting| Land Use| Travel : Normalized
Criteria value - . Weights .
accessibility time Change | Pattern Weights
change
Property value | 549 0.014 0.019 0041 | 0113 | 0.236 0.047
change
Job accessibility | 0.247 0.071 0.020 0.047 0.131 0.517 0.103
Commuting time | 0.275 0.381 0.109 0.048 0.120 0.933 0.187
Land Use Changg 0.207 0.259 0.389 0.173 0.127 1.155 0.231
Travel Pattern 0.221 0.275 0.463 0.691 0.509 2.160 0.432

From the normalized weights, it can be found that zero household travel pattern change is the
most important and property value change is the least important&eal criteria.

1.4.2 Value of the Criteria (MOES)

1.4.2.1Property Value Change

(a) SunRail Project

In this step, values of the criteria were determined by the changes of property value in case and
control areas in the following order:

o At first, changes of the proggrvalue for a particular land use are estimated for case
and control areas.

o Secondly, the changes are normalized by the sum of the changes in case and control
and expressed in percentages or in a scale of hundred.

o Thirdly, difference between the nornmdd percentages of case and control is
determined. This difference in percentages is then weighted by the land use share in
respective region of the projects to find a single scoring for each region.

o Finally, scores for different regions are weightedhsygroject allocations of respective
region to find a single score of property value change for the project.
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Table 25: Property Value Evaluation for SunRail Project

Property Property % Weighted Total Property
Value Value % % chat;l e % Property Invest Value
Region Land Use Change in| Change in| Change| Change (Casge Arga Value ment Change
Case ($ | Control ($ | (Case) | (control) Control) Change (million) (%/$100
per Acre) | per Acre) (%) million)
Single 456,558 | 315,503 | 59.13 | 40.87 | 18.27 | 53.89
Family
Multi-
Family 1915,108| 381,978 | 83.37 16.63 66.74 | 5.67
Downtown ] 35.40 176.4%
Retail 570,925 | 163,763 | 77.71 22.29 55.42 | 21.20
Industrial 237,311 | 76,954 | 75.51 24.49 51.03 | 13.03
Institutional | 340,343 | 100,801 | 77.15 2285 | 5430 | 6.21
Single 221,968 | 201,879 | 52.37 | 47.63 | 4.74 | 53.89
Family
Multi-
Outside Family 767,571 | 369,499 | 67.50 3250 | 35.01 | 5.67
Downtown . 14.15 529.41 1.99
Phase | Retail 192,578 | 144,824 | 57.08 | 42.92 14.15 | 21.20
Industrial 170,936 | 96,988 | 63.80 36.20 | 27.60 | 13.03
Institutional | 110,475 | 38,303 | 74.25 25.75 | 48.51 | 6.21
Single 309,987 | 322,017 | 49.05 | 50.95 | -1.90 | 53.89
Family
Multi-
Family 1459,670| 163,480 | 89.93 10.07 79.86 | 5.67
Phase Il ] 20.99 294.12
Retail 955,465 | 98,549 | 90.65 9.35 81.30 | 21.20
Industrial 54,423 | 115,120 | 32.10 67.90 | -35.80 | 13.03
Institutional | 792,467 | 91,732 | 89.63 10.37 79.25 | 6.21

1 = Total project investment, 1,000 million (Source: Railway Technology) is allocated considering number of
stations

For example, consid@roperty value change in phase 2 of SurRail project. Total property value
change per acre for single family residential in case and control of phase Il are $309,987.42
and $322,017.15, respectively. Then, these changes are normalized by the totalicltasges
control and expressed in percentages. Therefore, normalized changes for case and control are
49.05% and 51.95% respectively. So, difference between percentage chah@84s Thus,
percentage changes for each type of land uses are computedighttd average of them are
estimated using land use share. Similar analysis has been performed for Phase | Outside
Downtown and Downtown area. Weighted averages of property value change of three phases
are then raveighted by corresponding project coatsl final score was estimated as 1.99%

per $100 million of investment. Therefore, final result indicates that SunRail project has
improved overall property value near SunRail stations. Detailed calculations are presented in
Table 25.

(b) I-4 Expansion Piect

Similar to SunRail Project, property value was scored-tbrekpansion project. Final result
shows that property value has increased by 1.4% akaxpansion project area for each $100
million of investment from 2011 to 2017. Detailed calculatias heen presented as tabulated
form in Table26.
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Table 26: Property Value Evaluation for4 Expansion Project

Property Property Weigh
Value Property
Value % ted Total
Change % % Value
) Change . change % Proper | Invest
Region | Land Use | . in Change| change Change
in Case (Case Area ty ment(m
Control (Case) | (control) -~ (%/$100
(% per Control) Value illion) -
($ per million)
Acre Change
Acre)
Single | 506104 | 269,953 | 64.94 | 35.06 | 29.89 | 49.94
Family
Multi-
Family 771,574 | 1038,100 42.64 57.36 -14.73 7.82
Attraction ] 30.49 | 773.53
Retail 869,466 | 492,299 | 63.85 36.15 27.70 31.34
Industrial | 544,392 | 91,069 85.67 14.33 71.34 6.18
Institutional| 537,273 | 69,961 88.48 11.52 76.96 471
Single | 550217 | 230,254 | 48.89 | 51.11 | -2.23 | 49.94
Family
Multi-
Eamily 836,234 | 269,488 | 75.63 24.37 51.26 7.82
Downtown - 29.93 569.97
Retail 519,365 | 72,903 87.69 12.31 75.38 31.34
Industrial | 152,030 | 118,220 | 56.26 43.74 12.51 6.18
Institutional| 649,855 | 183,579 | 77.97 22.03 55.95 471
0.88
Single
. 354,816 | 143,717 | 71.17 28.83 42.34 49.94
Family
Multi-
Family 1509,037| 449,386 | 77.05 22.95 54.11 7.82
lvanhoe - 55.66 664.97
Retail 270,338 | 30,586 89.84 10.16 79.67 31.34
Industrial | 212,890 -192 100.09 | -0.09 100.18 6.18
Institutional| 85,756 124,795 | 40.73 59.27 -18.54 4.71
Single | 141 806 | 148,119 | 48.91 | 51.00 | -2.18 | 49.94
Family
Multi-
Family 588,380 | 699,996 | 45.67 54.33 -8.66 7.82
Altamonte ) -5.86 868.53
Retail 68,099 | 102,032 | 40.03 59.97 -19.95 | 31.34
Industrial | 142,913 | 231,700 | 38.15 61.85 -23.70 6.18
Institutional| 43,924 5,763 88.40 11.60 76.80 4.71

1 = Total project investment, 2877 million (Source: U.S. DOT) is allocated considering length in each region

(c) Juice Bikeshare Project

Analysis of property value change for JuRikeshare project indicates that property value near
Juice Bikeshare stations has increased by 1016.7% from 2011 to 2017. Detailed calculation of
property value change for Juice Bikeshare project has been presented as tabulated form in Table
27.
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Table 27: Property Value Evaluation for Juice Bikeshare Project

Property Property
Value % % Change Weighted | Investm %
Value Ch inl cn %Change D % P ch
Land Use | Change in ange in ange (Outside (Downtowrt () roperty ent ange
Outside | (Down Outside | Area Value Differ- $100
Downtow Downtown) ; -
n Downtow | town) Downtown) Change ential million
n (million)
Single | g39733 48| 712860.72 54.04 |  45.96 8.08 53.8
Family 9
Multi-Family 1147255.82 3442447.7¢ 25.00 75.00 -50.01 5.67
Retail |125656100 | 937687.26) 57.27 | 42.73 1453 2%)'2 4.27 0.4z | 10167
. 13.0
Industrial | 402773.13| 448302.90| 47.33 52.67 -5.35 3
Institutional| 1396720.64 1242913.01 52.91 47.09 5.83 6.21

1= Calculated considering $3 million investment per 50 stations/500 bikes (Source: bilsysteme feasibility
study in Redmond, Washington)

1.4.2.2 Job accessibility

(a) SunRail Project

Scoring of job accessibility has been performed based on difference of percentage change of
number of accessible jobs in case and control area. For example, increasabiar of
accessible jobs from 2011 and 2017 in case and control of Downtown region are 66,958.60 and
80,805.96 per unit area, respectively. Then, increases of job accessibility in case and control
areas are normalized by their sum and expressed in fEgesnSo, percentage changes of job
accessibility in case and control area are estimated as 45.31% and 54.69%, respectively. So,
difference of percentage change in case and control of Downtown reg@o87%o0. Similarly,
differences in percentage charfge other two phases were estimated and weighted based on
corresponding investments. Thus, final score for job accessibility has been calcul2i88%s

per $100 million of investment.

Table 28: Job Accessibility Evaluation Chge for SunRail Project

Change | Change in %
Reqion in Case | Control | % Change| % Change % Change Investment | Change/
9 per unit | per unit in Case | in Control %€ in $million $100
area area million
Downtown | 66958.60| 80805.96 45.31 54.69 -9.37 176.47
Outside
Downtown 12733.35| 38325.90 24.94 75.06 -50.12 529.41 -2.38
Phase |
Phase Il 68855.06| 50796.25 57.55 42.45 15.09 294.12

The reader would note that reduced job accessibility due to a transportation project is not a
valid assessment and is a manifestation of tteleriges associated with generating these
MOEs. In this event, for plausibility reasons, we consider the impact of SunRail project on Job
accessibility as 0 i.e. no impact.

(b) I-4 Expansion Project

Similar to SunRail Project, job accessibility was scdiadl-4 expansion project. Detailed
calculation has been presented as tabulated form in Z8ble
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Table 29: Job Accessibility Change Evaluation fed Expansion Project

Change in Change in %
. 9 Control | % Change| % Change Investment | Change/
Region Case per ) X ; % Change | . -
; per urit in Case | in Control in $million $100
unit area o
area million
Attraction 75803 2992.12 96.20 3.80 92.41 773.53
Downtown 57355 17113.78 77.02 22.98 54.04 569.97 123
Ivanhoe 42301 11921.67 78.01 21.99 56.03 664.97 '
Altamonte 5830 14611.18 28.52 71.48 -42.96 868.53

(c) Juice Bikeshare Project
Detailed calculation of job accessibility change for Juice Bikeshare project has been presented

as tabulated form in TabRO.

Table 30: Job Accessillity Change Evaluation for Juice Bikeshare Project

Change in Change in Outside % o Investment
. . 0% Change % . . % Change/
Case per unitf Downtown per unit _Change in Control | Change I_lefergn_tlal $100 million
area area in Case in $million
474.48 672.12 41.38 58.62 -17.24 0.42 -4104.8

As discussed earlier, for plausibility reasons, we consider the impact of Juice project on Job
accessibility as 0 i.e. no impact.

1.4.2.3 Commuting Travel Time Change

(a) SunRail Project

Commuting travel time change is scored based on pagemrhanges of commuting time in

case and control from 2011 to 2017. Difference between commuting time changes in case and
control area of Downtown region from 2011 to 20171i$1%. For outside downtown phase |

and phase Il, the differences arel4% anl -3.91%, respectively. These percentages are then
weighted to find a single scor€®.52% per $100 million of investment.

Table 31: Commuting Travel Time Change Evaluation of SunRail Project

0,
Reqion % Reduction| % Reduction % Reduction Investment in ChanA)e/$1OO
9 in Case in Control (Case- Control) $million mil?ion
Downtown -2.66 -1.05 -1.61 176.47
Outside
Downtown Phase -11.76 -4.62 -7.14 529.41 -0.52
Phase Il -6.86 -2.95 -3.91 294.12

(b) I-4 Expansion Project
Similar analyss is performed for-B expansion project and final score is found te#&1%
per $100 million of investment. Detailed calculation is presented in B&ble
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Table 32 Commuting Travel Time Change Evaluation ¢f Expansion Pject

%
. % Reduction| % Reduction| Reduction | Investmentin| -
Region inCase | inControl | (Case $million % Change/$100 million
Control)

Attraction -3.42 -3.40 -0.02 773.53
Downtown -6.55 -2.50 -4.05 569.97 0.07

lvanhoe -8.31 -7.18 -1.13 664.97 '
Altamonte -7.07 -3.99 -3.08 868.53

(c) Juice Bikeshare Project
Detailed calculation of zero car household travel pattern change for Juice Bikeshare project has
been presented as tabulated form in T8Ble

Table 33: Commuting Travel Time Ginge Evaluation of Juice Bikeshare Project

% Reduction in | % Reduction in Outsidg % Reduction (DT Investment in | % Change/ $10(
Downtown Downtown Outside DT) $million million

-1.00 -5.87 4.88 0.42 1161.9

1.4.2.4 Land Use Change

(a) SunRail Project

To estimatehe score for land use change, changes of total vacant area from 2011 to 2017 in
case and control area were used. For example, total changes in vacant area in case and control
from 2011 to 2017 were 17.36 and 3.41 acre per square mile, respectivelyciiéeges are

then normalized by their total and expressed in percentages or in a scale of 100. The difference
of two percentages, therefore, 67.14% is taken as the score for Downtown region. Similarly,
other two regions are scored, and scores are thentedigi respective investments to derive

a single score which is found as 6.62% percent per $100 million of investment.

Table 34: Land Use Change for SunRail Project

Change of Change of o % %
Reqion Vacant Area | VacantArea Ch::n e Change| Change | Investment| % Change/
9 in Case in Control in Cage in (Case in $million | $100 million
(Acre/sgmile) | (Acre/sgmile) Control | Control)

Do"‘g'to"" 17.36 3.41 8357 | 1643 | 67.14 176.47

Outside
Downtow 24.29 6.53 78.80 | 21.20 | 57.61 529.41 6.62

n Phase |

Phase Il 62.93 6.57 90.54 9.46 81.08 294.12

(b) I-4 Expansion Project
Similar analysis has been performed fa@r éxpansion project and final score was found to be
1.55% per $100 million of investment. Detailed calculation is presented in Table 17.
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Table 35: Land Use Change for4 Expansion Project

Change of Change of o %
Reqion Vacant Area in| Vacant Area in Chf:n e Change| % Investment| % Change/
9 Case Control in Cage in Change| in $million | $100 milion
(Acre/sgmile) | (Acre/sgmile) Control
Attraction 23.62 21.49 52.36 | 47.64 | 4.72 773.53
Downtown 31.66 20.96 60.17 | 39.83 | 20.34 569.97 0.97
Ivanhoe 21.70 24.47 47.00 | 53.00 | -6.01 664.97 '
Altamonte 81.31 9.23 89.81 | 10.19 | 79.62 868.53

(c) Juice Bikeshare Project
Detailed calculation ofand value change for Juice Bikeshare project has been presented as
tabulated form in Tabl86.

Table 36: Land Use Change for Juice Bikeshare Project

%
Total Change of o %
Total Change of Change | Vacant Areg /o Ch_ange Investment | Change
Change | Vacant Area . . . Change in % it ial
(Acre) in | in Downtown (Acre_) in | in Outside in Down | Outside | Change Differentia ber
Downtown| (Acre/sqmile Outside | Downtown town Down in $million $100
q Downtown| (Acre/sgmile million
town
51.35 32.28 105.24 99.19 21.44 78.56 | -57.12 0.42 -13600

1.4.2.5 Zero Car Household Travel Pattern Change

(a) SunRail Project

To score zero car households travel pattern change, public transportation share changes in case
and control area were used for SunRail project. For example, public tratgporisage
increase from 2011 to 2016 in case and control area of Downtown region are feOQmDas
and-4.95% respectively. Therefore, difference of the increases is 4.55%. Thus, the increases
for Downtown phase | and Phase Il regions are determink®&% and 10.37%, respectively.

These three changes are then weighted by respective investments to find a single score of 0.47%
per $100 millions of investment.

Table 37: Travel Pattern Change Evaluation of SunRail Project

. : %
% Change of Public | % Change of Publig % Change/

Region Transport Share in | Transport Share in ((Zgggge :Q?rifm::t $100
Case Control Control) million

Downtown -0.40 -4.95 4.55 176.47

Outside
Downtown Phase 1.01 -0.66 1.68 529.41 0.47
I
Phase I 11.24 0.87 10.37 294.12

(b) 1-4 Expansion Project
Similar analysis has been performed tdr éxpansion project and final score was found to be
-0.17% per square mile. Detailed calculation is presented in B8ble
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Table 38 Trawvel Pattern Change Evaluation ed Expansion Project

% Change of % Change of | % Change . 0
Region Public Transport| Public Transport| (Case In\;enim?oe:t ni % C?naillrlligﬁ/ $100
Share in Case | Share in Control| Control)
Attraction 1.15 -0.65 1.8 773.53
Downtown -4.61 -4.8 0.19 569.97 011
Ivanhoe -5.56 -3.84 -1.72 664.97 '
Altamonte -7.38 3.44 -10.82 868.53

(c) Juice Bikeshare Project

Percentage changes in share of bike/walk has been utilized in case of Juice Bikeshare project
to score travel patterchange criterion. Detailed calculation of zero car household travel pattern
change for Juice Bikeshare project has been presented as tabulated form 89.Table

Table 39: Travel Pattern Change Evaluation of Juice Bikeshare Rrojec

% Change of o . % Change Investment % Change/
Bike/Walk Share in & Change qf Bike/Walk (Case Differential in $100
Share in Outside Downtow - -
Downtown Control) $million millions
6.19 -14.44 20.63 0.42 4911.9

1.4.3 Overall Scoring

Final step of the multicriteridecision analysis is overall scoring of the projects and rank them
based on their scores. Overall scoring of the projects is performed by weighting the scores of
the criteria. In this section, overall scores of the three projects will be performed amdlthey

be ranked on the basis of their individual scores. Detailed calculation of scoring has been shown
in following Table40. Final result shows that among the three projects considered, SunRail
project has maximum scores followed b €xpansion projecfuice Bikeshare project has the
minimum score.

Table 40: Scoring and Ranking of the Projects

. Property Job Commuting Land Travel
Criteria C\gﬁg e accessibility time C#asr?g e Pattern OSV g?él Rank
Weights 0.047 0.103 0.187 0.231 0.432
SunRail 1.99 0.00 -0.52 6.62 0.47 1.729 1
1-4 Expan. 0.88 1.23 -0.07 0.97 -0.11 0.332 2
Juice Bike 1016.7 0.00 1161.9 -13600 49119 | -754.599 3

1.5 Conclusion

The report discussed multtriteria analysis methodology adopted for this stadgt presented
analysis steps in details. At the end of this report, three projects were scored on the basis of
criteria scores and their respective weights. Results show that SunRail project is the highest
ranked project among these three projects. Irirasty Juice bikeshare project is the lowest
ranked project. Of the three projects SunRail addproject offered positive overall values
indicating they offer a positive return. It is important to note that the results for Juice system
need to be consided with an abundance of caution as the spatial distribution is smaller
(relative to the other projects) and there is substantial variation in the results across MOEs. The
definition of the MOEs also has significant influence on the findings. For instdrecgb
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accessibility measured for SunRail project offered negative values, indicating that job
accessibility has reduced due to SunRail project. In analyzing data, it is possible to arrive at
nonplausible results due to the inherent complexity of tleegss being considered. In such
events, it is important that we evaluate the result as engineers and possibly ignore the MOE or
consider alternative MOEs. In our case, we considered SunRail impact on job accessibility as
0 for further computations. For thend use type change MOE, we considered changes from
vacant to other land use types. It is possible to consider changes at a finer resolution such as
single family to multifamily (if any) and so on. However, in our context these changes were
minimal. Bradening the definition, could potentially affect the results. The main contribution

of the research conducted is to develop a useful and customizable framework for evaluating
the impacts of transportation projects. Every project/study is unique and wdfitoffom
analystos experience and judgement.
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Chapter 2: Knowledge Transfer
The current research effort was envisioned as a mechanism to provide hands on experience to
FDOT personnel and other stakeholders on the state of the art approaches fongvhkat
impact of transportation infrastructure projects on community building. Towards this objective,
the research team developed a knowledge transfer plan through a mix of webinarg; step
step tutorials and webpage designed to host the researchainateri

The research team organized a webinar serieBD®@T personnel and stakeholdetfiree
webinar sessions were held in July and August, 2020. Dr. Naveen Eluru, Dr. Samiul
HasanSudipta Dey Tirtha and Jiechao Zhang presented in the webinar seShiengbinar
series include the following3 modules:

1. Measures of Effectiveness (MOE) Data Preparation and Anali/ses development of the

MOEs is a data intensive process. These indicators/measures can be developed by collating
appropriate data collectéabm different sources using the ArcGIS platform. la fffwebinar

held on July 16we discussd the data preparation stepEMOE computation processith
examples and visualizatiaris this webinar, we discussed the steps for estimating changes of
property values by land use types in case and control areas. The steps for job accessibility
change estimation are also discussed in a separate presentation (video) sbdrasely
uploaded for easy access to webinar participants

2. Social Media dataa@wnload and analysis for Transportation Projedibe second webinar,

held on July 23, providenhstructiors for running the codeand scripts fosocial media data
download andanalysis The webinar consisted of four topi¢sdata collection, ii) sentient
analysis, iii) visualization of the sentiment analysis results, iv) visualization of the topic
analysis resultsin the presentation, all the codes and required steps were presented with
detailed instructions, examples and visualizations.

3. Project ewaluation in the presence of multiple MOEs using matttibute decision making:

The last webinar, held on August 6, descrittexiproposeffamework to compare the changes

in MOEs across scenarios to identify benefits to the rediotiis presentatiorwe discussed

how each of these projects were scored by MOEs by comparing their changes in case and
control areas. We also discussed how the criteria/MOEs were weighted based on the responses
from the FDOT officials. Based on the analysis, we presenitapositive, neutral or negative

rating for the three projectonsidered. The webinar was concluded with a discussion of the
implications of the findings.

The research team also prepared two supporting documents to facilitate the knowledge transfer
activity. The two tutorials include 1) Estimation Procedure of Various Measures of
Effectiveness (MOE) for Transportation Investmeatsd2) Social Media Data Analysi3he

tutorial provides detailed steps of MOE computation process in ArcGIS and socialdatedia
analysis with examples and visualizatiomke tutorials aréncludedin AppendicesA and B
respectively

Finally, in addition to webinar series, the research team also prepared an online résource
webpagejo facilitate theeasy access of the wehr videos, presentation material anigrials.

The URL of the webpage igtp://www.people.cecs.ucf.edu/neluru/CommunityBuilding.html
The webpageontent is organized along && modules reflecting the structure of the three
webinars
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Appendix A: Tutorial for Measures of Effectiveness Estimation

A.1 Background

A.l.1Transportation Infrastructure

According to Florida Chamber of commerce, Florida rankalyar one in the US in terms of
transportation infrastructure rankings. It is the third largest state by population, after California
and Texas with a yearly growth rate of more than 1.5%. Orlando is the most thriving city of
the region; its growth being ®tered by its job creation rate (1,000 jobs are added per week).
The economic and demographic trends suggest that Orlando has an expanding consumer
market and these trends are set to drive increased demand for passengers and freight
transportation in theoming years. To accommodate the future demand in an efficient and
sustainable manner, several small and big transportation projects are underway in the region
including second phase of SunRail commuter rail extensidnexpansion, pedestrian and
bicycling facility installation, and bicycle sharing system (Juice) introduction. The proposed
research effort is geared towards examining the community impacts of three transportation
infrastructure investment projects: SunRai¥ kexpansion, and JUICE Orlandikeshare

system (see Figure 1).

A.1.2MOE Computation
The development of the MOEs is a data intensive process. The process involves collection of
appropriate data from different sources, extracting data for the geographic regions under study,
and eventally combining layers of data as needed. Informed from the literature review, we
propose five MOEs to evaluate the community building effects of the major transportation
investment projects currently underway in the Central Florida Region. The proposesl MOE
are:
Property value change
Changes to job accessibility
Commuting time change
Land use type change
Changes to travel patterns for zero car households
The proposed changes will be evaluated for the time period2012. For sake of brevity, we
presentlte layer preparation steps for 2012. The procedure was repeated for the entire time
period of analysis. For job accessibility, commuting time and zero car household pattern based
MOEs, data for 2017 was unavailable and the analysis was conducted fro/R0A®1 1

The development of these MOEs is a data intensive process. These indicators/measures
can be developed by collating appropriate data collected from different sources using the

ArcGIS platform. In this deliverable, we discuss the data preparatios, $&E computation
process.

= =4 4 A A

A.1.3Current Study
The development aciboveMOEs is a data intensive process. These indicators/measures can
be developed by collating appropriate data collected from different sources using the ArcGIS
platform. In thisreport we discuss the data preparation st&fSE computation process using
ArcGIS and SPSS.

The proposedIOE changes will be evaluated ftire time period20112017 and also
for all three transportation infrastructure (SunRa#, ultimate and JUICE Orlandgikeshare
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system). For sake of brevjtywe present the layer preparation steps for 20i®for SunRail

stations only
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FigureA.5: Major Transportation Investment Projects (SunRall Bxpansion and JUICE

Bikeshare) in Centtdlorida Region
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A.2 Property Value Estimation by Land Use Type

To estimate the property value for different

data preparation steps were followed for estimating the property value by using GSweler
will give a brief description of estimation steps of property value using GIS for SunRail stations
only.

A.2.1Parcel Data Preparation

A.2.1.1County Parcel Shapefile
1 To capture the change in property value, parcel data for {2017) obtained &m
Florida Department of Revenue (FDOR) were utilized
(ftp://sdrftp03.dor.state.fl.us/Map%20D3gta/
1 County parcel shapefile contains unique parcels within each county that indicated by
uni queel6PMaod together with eaA?. parcel 06s
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FigureA.6: Parcel Shapefile

1 The transportation infrastructure projects considered in our research passes through
four counties: Orange, Osceola, Seminole andidia (See Figuré.3).
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FigureA.7: Counties Parcel Shapefile

A.2.1.2Shapefile Cabrdination System Projection

1 The F'step among all is to project all the parcel shapefile to same coordination system.

1 Following are tle steps to project all parcel shapefile to same coordination system:

15t select Geoprocessing

Choose Arc Toolbox bar in Geoprocessing (See Figutéa))

Sel ect O6Data ManageAdgpnt Tool sd (See Fi g
Select OProjections arvihnTargemefndr natoil srds
Then click to O6Projectédé to select coordi
Select county shapefile in as input features (See FRIIE))

<K<K KL
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V Click 60Output Coordinate Systemb

V There are two coordinate systems available in Output Coordinate System
Geographic ath Projected Coordinate System (See Figurdd))

V Select NAD 1983 within Universal Transverse Mercator (UTM) bar (See Figure

A.4(e))
V Finally Select NAD 1983 UTM Zone 17N that represents the infrastructure zone

(See FigureA.4(f))
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A.2.1.3Parcel Data Layer Preparation
1 The NameAddressLegal (NAL) file for 20122017 was used together with parcel level

county shapefile to get the propertyalue
(ftp://sdrftp03.dor.state.fl.us/Tax%20R0ll%20Data%20Files/)

information for

parcel

level

1 NAL file has unique parcel ID with equivalent parcel level attribute informatich su
as property/feature value, land value, land area in square feet, land use codes (DOR
UC), owner name, owner address, physical address, physical zip code, building details
and so on (Figuré.5).
1 Please note that Just Value (land just value, buildingeyand special feature value)
of a property includes: present cash value; use; location; quantity or size; cost;
replacement value of improvements; condition; income from property; and net proceeds
if the property is sold. The net proceeds equal the \&ltige property minus 15% of
the true market value. This accounts for the cost of selling the property. In calculating
the change in property values, we consider Just Value reported by DOR as a surrogate
measure for direct property value and in the foitmysections, we will refer to this
value as the property value for simplicity.

3 *Orangessav [DataSet1] - 1BM SPSS Statistics Data Editor
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FigureA.9: NameAddressLegal (NAL) File

A.2.1.4Merging NAL File Information
1 Parcel No from county parcel shapefile contains unique parcelis wdlbh county file

linking it with equivalent parcel level attribute information contained in the Name

AddressLegal (NAL) file.

1 Following are the steps to linking parcel shapefile with NAL file information:

V  1%click right cursor

WW2CK Vo dedyiRe yw St |

v { St SO

V 52dz0f S Of A 0]

2y ASANZ A Y

[]
Q

1Sa

0FNJ 6{SS CAIdzNB

9 There are three options in Join todl and 3 is the joining field option based on these options
NAL file information were added to Parcel shapefile while 2 is the option where NAL file must
be inclded (See Figure 6(b))
V { St SOG Wt NOSt

V | K22

as Wt NOST

b2Q FTNRY
L5Q FTNRBY b![ TFAf
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a
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KIFILSTAES
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V Select NAL file for corresponding year for option 2
V Finally click Ok

1 From Figure 6(c), it is clearly seen that property value (JVleaduse type value (DOR_UC)
was added to shape file attributes table.
V Select shapefile and click on right side of mouse
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FigureA.10: Adding NAL Informaton to Parcel Shapefile

A.2.2Create Appropriate Information

To continue further estimation, we categorized few land use types from DOR_UC (Land use
value) information and area was transformed into acres unit also.

A.2.2.1Land Use Type

A.2.2.1.1Adding New Field
Several steps were followed to categorize DOR_UC to various land use types as follows:

Cl

= =4 =4 -8 -8 -9 -9

Sel

A.7(c))

Select shapefile and click on right cursor

{ St SO0 WhLISyYy !'GiNAROGdzIS ¢l ofSQ
Click drop-down bar as shown in Figufe7(a)
ick on OAdd A7bpl do (
Choose a new name as 0
Select variable type (See Figuker(c))

ect O0Stringd as a variable type since

e Figure

Se
NAL2012 LAGS
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FigureA.11: New Field Addng Procedure

A.2.2.1.2Selection of Land Use Category

1 For our analysis purpose, we consolidated the land use categories reported by DOR into
12 land use categories. These are Single Family Residential;Rantily Residential,
Retail/Office, Industrial/NMnufacturing, Agriculture, Institutional/Infrastructure,
Public, Recreational, Water, Vacant, and Others (see Pab)eSee Appendix A for
DOR land use code.

1 However, we will be reporting values for the following 5 out of the 12 categories: (1)
Single family residential, (2) Multiple family residential, (3) Retail/Office area, (4)
Institutional, and (5) Industrial.

TableA.41: Land Use Category Based on DOR Land Use Codes

Land Use Category DOR Land Use Code
Single Family Resiadgal 1
Multi-Family Residential 3,8

Other Residential 2,479

Retail/Office 11-39
Industrial 41-49
Agricultural 50-69
Institutional 71-79, 81, 84
Public 83, 8591
Recreational 82, 97
Water 95
Vacant 0, 10, 40, 70, 80
Others 92-96, 98, 99, 10995, 999
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A.2.2.1.3Land Use Type Conversion Technique from DOR Land Value

Following steps were used to convert DOR_UC land value to selected 12 land use categories.
T Select new added variable 6NAL2012 LAG6 an
T Sel ect OFidel(dS eCA.8)ugl uarteo r
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FigureA.12 Land Use Type Conversion Technigue from DOR Land Value
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TableA.42: VB Script for Land Use Type Conversion

Dim x

If [ DOR_UC] >=1 and [DOR_UC] <=9 Then
x="Residential"

elseif [ DOR_UC] = 11 and [DOR_UC] <= 39 Then
x="Retail/Office"

elseif [ DOR_UC] >= 41 and [DOR_UC] <= 49 Then
x="Industrial"

elseif [DOR_UC] >=50 and [DOR_UC] <= 69 Then
x="Agricultural”

elseif [ DOR_UC] >= 71 and [DOR_UC] <=79 Then
x="Institutional"

elseif [ DOR_UC]= 81 Then

x="Institutional"

elseif [ DOR_UC] = 84 Then

x="Institutional"

elseif [DOR_UC] >= 85 and [DOR_UC] <=91 Then
x="Public"

elseif [ DOR_UC] = 83 Then

x="Public"

elseif [ DOR_UC] >=92 and [DOR_UC] <=96 Then
x="Other"

elseif [ DOR_UC] = 98 Then

x="Other"

elseif [ DOR_UC] =99 Then

x="Other"

elseif [ DOR_UC] = 82 Then

x="Recreational"

elseif [ DOR_UC] = 97 Then

x="Recreational"

elseif [ DOR_UC] = 95 Then

x="Water"

elseif [ DOR_UC] = 0 Then

x="Vacant"

elseif [ DOR_UC] = 10 Then

x="Vacant"

elseif [ DOR_UQ =40 Then

x="Vacant"

elseif [ DOR_UC] = 70 Then

x="Vacant"

elseif [ DOR_UC] = 80 Then

x="Vacant"

else x=0

end if
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A.2.2.2Area Unit Conversion

A.2.2.2.1Adding New Field

Several steps were followed to categorize DOR_UC to various land use typdeves (Ske
FigureA.9).

1 Select shapefile and click on right cursor
T {StSO0G WwhLSy !'GidNROGdzGS ¢l o6f SQ
1 Click drop-down bar
T Click on 6Add Fiel dbo
T Choose a new name as OArea_Acresbo
1 Select variable type
T Sel ect ODoubl ed as a vawdiablkel e type since
Q
=]
Vl:llecfdéi t::w Bcokr;\;rks Insert  Selection
RANQII *.
e
°
O Sunrail_Rout
g Set a Name
O Merge Counts
~ _Ic:“lis:’:;:ublvc Bibhas\Community Buil
- Select Double for
L .
= 0 G Numeric Value
O Clip_Buffer
P e

£ C:\Users\Public\Bibhas\Community Bu
o
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10 » [ | ©outof 46175 Selected)
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> | EETT T >

-29878647.659 10103474.987 Feet

FigureA.13: Area Unit Conversion

A.2.2.2.1Area Unit Conversion

Following steps were used to convert shape area to new area unit such as acres.
T Sel ect new added variable O6Area_ Acresbod
T Sele¢ 6 Cal cul ate GeAdo@t ryo (See Figure
1 Then choose Area option on top and select area unit such as Acres (Seé Rigflonp

an
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A.2.3Merge Counties

After preparing parel data layer for all four counties (Orange, Seminole, Seminole and
Volusia), a merged county shapefile was created. Following steps were followed to merge all
four counties.

T At first, select O06Geoprocessin
T Then click on O0MeAl@) option (
T Then put all f the count iAesb))w
1 Ok

g
S
o] [
Finally, click o

0
e
t

After merge all counties a new shapefile was created (see FAgLRE

ol

om0 &
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bl

E]
i
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(@)
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FigureA.15: Merging Techniques
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FigureA.16:

Merged Counties Shapefile
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A.2.4SunRall Stations Layer Preparation

We divided the stations into three segments: (1) Downtown Statimisding Lynx Central
station, Church Street station, and Orlando Health/Amttatos; (2) Outside Downtown
Stations comprised of DeBary, Sanford, Lake Mary, Longwood, Altamonte Springs, Maitland,
Winter Park, Florida Hospital Health Village, and Sand Lake Road stations; (3)-Phase
stations including northbound DelLand and Southbddeddow Woods, Osceola Parkway,
Kissimmee Amtrak, and Poinciana stations. Fighré3 represents all 17 SunRail stations
along with SnRail route.

ol

e
90?’, 4

esppererrrbrpreRRRRPP R

L.

FigureA.17: SunRail Staions

A.2.4.1Case Area Selection

A.2.4.1.1Creating Bufer

Then put SunRail stationbés RAHAHP)ef i |l e i
Il n 6Linear Unitdé option put the numer.|
Select default buffer type 6Roundb©d
Finally, c¢click 060kb©®

= =4 =4 -8 -8 -9

A new buffer map was created around SunRail stations (see Riduter)).

At first, select O0Geoprocessingdé toolbar
Then click on O60BuAfd4@ny 6 option (see Figure

Downt own Stations are fixed baseldl toinmathe Rrowng otwihh @aa

at https://i4ultimate.com/constructieinfo/constructioamap/#constructionAlerts
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FigureA.18: 1 mile Buffer Around SunRail Stations

A.2.4.1.2Clip from MergeCounties

At

I n

= =4 =4 -2

Then

Upl

first, t ool
Fi
erge

previ

sel ect O0Geoprocessi
click on O6CAIi5m) opti on
0l nput Featuresoésect iAdSDb))p
oad SunRai l buffer create

ngo
(see
ut M
d in

A.15(b))

Finally, a new buffer layer was created contains corresponding parcel level information

such property value, land use type, area etc. (see FAgLB€C))
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FigureA.19: Case Area Selection

A.2.4.20verlappng Problem

A.2.4.2.1Theoretical Approach

1 A Imile buffer was created around each of the SunRail stations. Please note that the nearness
of the stations, particularly in the downtown areas, cause overlapping problem.

1 As aresult of the overlapping, tlsame parcel might be part of two different stations.

1 ArcGIS proximity tool (Near Generate Table operation) was used to assign a parcel to a unique
station. More specifically, we computed the straight line distances from each parcel to the
nearest statiorand the parcel was assigned to the station which was the nearest. FAdLe
demonstrates an example of the station overlapping problem in the downtown area.
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FigureA.20: Example of Overlapping Buffers and Proximity Analysis

A.2.4.2.2Practical Overlapping Solution Technique
Three downtown stations are clear example of overlapping parcels (Bidui@)). Following
are the steps to solve the overlapping buffer problem:
1 1s'select Geoprocessing
Choose Arc Toolbox bar in Geopessing (See Figukel7(b))
{SEtSO0 W ylrfteaamabyrz22ftaQ o{SS CAIdNB
{StSOG WtNREAYAGEQ FTNRY Wl ylLfeaara ¢22f40Q
¢tKSy OftAO01 (G2 WbSIND F2NJ GKS 2@SNIFLIAyYy3I a2t c
Select parcel buffer layer shapefile in as input features (See Fdliféc))
Then put SoRail stations as Near Features

=A =4 =4 =4 4 =9
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T /tA01 WwhiQ

After all the actions were taken, three new columns will be added in the attribute table (See
FigureA.17(d)). They are:

1 In_FID = Parcel ID

1 Near_FID = Station ID

1 Near_Dist

= Estimated nearest distance from paocehch SunRail statins
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FigureA.21: Uses of Near Tool to Overcome Overlapping Problem on ArcGIS

A.2.4.3Property Value Estimation

After allocating all parcels to their nearest stations, dbf file ezawerted to SPSS file for

estimation of property value by land use type. Following steps were followed:
T Sel ect oDatad tool bar
T Click on 6Aggr egaAlB@) option (See Figure
T Put oOoLand Use Typed assl8b)reak variable (Se
T For O Summaéabrlye sodf s\acrtiiaon choose JV as prop
T Al so change the OFunctiond option from de

This action will give a new dataset of total property value and total area in acres for each land
use type. Then average properglue was estimated for each land use type by dividing the
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FigureA.22. Average Property Value Estimation

A.2.4.4Average Property Value Estimation
I The property value evaluation was cadieut for the parcels within the-nile buffer. These
parcels are referred to as Case parcels. Figut8-A.22 presents the result.
1 The average property value (per acre) for all parcels for each station by 5 land use types
mentioned before (see Table 3).
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FigureA.23: Average Property Value (DeLand, DeBary and Sanford Station)
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