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ABSTRACT

DEVELOPING TRIP GENERATION RATES AND MODELS FOR
SELECTED COMMERCIAL AND SERVICE LAND USES

Changing social, economic and environmental conditions necessitates planning
studies. Transportation demand created by different land use categories is known to vary
considerably and therefore trip generation rates or functions of different land use
categories have been developed for several countries in detail for estimating this demand
(ITE, 2003). Trip generation rates/functions have not been developed for Turkish cities
yet. Once these trip generation rates or functions are created for different land uses, it
becomes possible to directly use them in various studies such as transportation planning in
small urban areas, traffic operational studies and traffic impact analysis without
performing household travel studies, site surveys, traffic counts, and so on, which require
considerable time and financial resources. In Turkey, these types of studies are performed
mostly according to the rates/functions which are presented in the Trip Generation Manual
of ITE. The main goal of this study is to investigate and present the theoretical
background of trip generation modeling and to develop such rates/functions for some
selected commercial and service land use types. The data that have been used in this study
have been collected by the Transportation Planning Directorate of the Istanbul
Metropolitan Municipality'. The trip generation relationships are developed by using

regression analysis and found to be statistically significant.

As the next step, the trip generation rates and models for General Office Buildings
and Hotels are developed. Afterwards, an example application showing the methodology
to follow for performing a simple traffic impact analysis with the obtained results is
presented and finally conclusions and recommendations for further research needed in this

area is given.

" “Trip Generation of Land Use Categories Handbook Project that was included in the Revision of
Transportation Master Plan Project, 2008”



OZET

SECILMIS TICARET VE HIZMET ALANLARI iCIN YOLCULUK
YARATIM ORANLARI VE MODELLERININ GELISTIRILMESI

Degisen sosyal, ekonomik ve g¢evresel kosullar planlama c¢aligmalarini gerekli
kilar. Farkli arazi kullanim tiirlerinin olduk¢a degisik ulagim talepleri olusturacagi
bilinmektedir. Bu amagla, bir¢ok iilkede degisik arazi kullanim tiirleri i¢in yolculuk
yaratim oranlar1 ve fonksiyonlar1 detayli olarak gelistirilmistir (ITE, 2003). Tirkiye illeri
icin bdyle bir ¢alisma heniiz yapilmamistir. Arazi kullanim tiirleri i¢in talep fonksiyonlari
ve yolculuk yaratim oranlari olusturuldugunda bu fonksiyonlar ve oranlar, kiiciik 6l¢ekteki
ulagim planlama, trafik etiit ve trafik etkilesim analizleri gibi ¢aligmalarda hayli zaman ve
finansal kaynaga gereksinim duyan hane halki anketleri, arazi ¢alismalar1 ya da trafik
sayimi gibi c¢aligmalara ihtiyag duyulmaksizin kullanilabilmektedir. Bahsi gecen
calismalar icin Tiirkiye’de genel olarak ITE tarafindan gelistirilen Yolculuk Yaratimi El
Kitab1 kullanilmaktadir. Bu ¢aligmanin ana hedefi yolculuk yaratim modellemesinin teorik
altyapisinin incelenmesi, sunulmasi ve secilen bazi arazi kullanim tiirleri (ofis binalar1 ve
oteller) i¢in yolculuk yaratim oranlar1 ve fonksiyonlarinin olusturulmasidir. Bu ¢alismada
kullanilan veriler istanbul Biiyiik Sehir Belediyesi (IBB), Ulasim Planlama Midiirligii®
tarafindan toplanmigtir. Yolculuk yaratim modelleri regresyon analizi ile olusturulmus ve
elde edilen sonuglarin ilgilesim katsayisi degerlerinin neredeyse tamami 0.50°den fazla

olmakla birlikte yolculuk yaratim modelleri istatistiksel olarak anlamli ¢ikmistir.

Bu c¢aligmada oncelikle yolculuk yaratim modellemesinin teorik altyapisi
incelenmis ve sunulmus; sonraki adimda Ofis Binalar1 ve Oteller i¢in yolculuk yaratim
oranlar1 ve modelleri gelistirilmistir. Bunun sonrasinda elde edilen sonuglarla basit bir
trafik etkilesim analizi yapilirken izlenecek yontem sunulmus ve en son olarak da bu

alanla ilgili gelecek arastirmalarda yon gosterecek Onerilere yer verilmistir.

? “Ulastm Master Plam Revize Edilmesi Projesi kapsaminda Arazi Kullanim Tiirleri Trafik Uretim Kilavuzu
Hazirlanmasi, 2008”
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1. INTRODUCTION

1.1. Problem Definition

Istanbul is one of the major capital cities in the world having a population of
approximately 12 million and a population density of 1,596 person/km®. Istanbul,
basically, is composed of two geographic segments; European and Asian sides, which are
separated by the Bosporus Strait passing between them. The former side shelters 63.2 per
cent and the latter one accounts for 36.8 per cent of Istanbul’s total population. (Istanbul
Transportation Master Plan, 2008) These values are similar to values in large and
problematic metropolitan cities such as Tokyo with a population density of 1,546
person/km’®; London with 1,846 person/km® and New York with a density of 922
person/km? (Dericioglu, 2007). These kinds of cities are faced with serious transportation
problems. Anderson (1976) defines a modern nation as a modern business, which must
have adequate information on many complex interrelated aspects of its activities in order
to make decisions. Stemming from this idea, several transportation studies have been
performed in the world. For Istanbul, the foremost one is the Transportation Master Plan
Study which was completed in 2008. It basically presents not only the existing traffic
conditions (transportation demands and productions), but also the effects of ongoing
projects and the planned ones on the current transportation network of Istanbul. In this

dynamic situation, accurate, meaningful, current data on land use are essential.

In transportation literature, land use is defined as the functional dimension of land
for different human purposes or economic activities (OECD, 2007). Some of the typical
categories for land use are dwellings, general office buildings, hotels, shopping centers,
restaurants, schools, stores, banks, insurance buildings, libraries, universities, industrial

use, transport, recreational use, and so on (ITE, 2003).

Land uses affect transportation by physically arranging the activities that people
want to access. Changes in the location, type, and density of the land uses change people’s
travel choices and thereby transportation patterns. Before travel forecasts are made, it is

necessary to determine how the community will be in the future. Transportation is directly



linked to land use type and intensity and trips are assumed to follow future land use
patterns. If land use is changed, there should be a change in travel (Beimborn, 2006).
There are various types of land uses which generate different trip rates. These rates can be
used in transportation planning, traffic impact studies, and so on. These studies are
conducted by transport professionals to address concerns on traffic congestions, future
travel demands and system for planning public and private transport requirements. These
methods would require accurate and reliable trip generation data which are a crucial input
to determine the impacts of different land uses along their surrounding highway and public
transit networks. Therefore having accurate trip generation values for different land uses is

the first step of travel demand studies.

1.2. Goals, Objective and Scope

The main goal of this research is to develop average trip rates and equations for
selected land uses in the metropolitan city of Istanbul. To serve this main goal, following

objectives have also been targeted:

e to do a thorough literature review about the trip generation theory and the
methodology for development of the trip generation rates and models;

e to develop the trip generation rates/models for selected land use types;

e to present an example application for using these trip generation rates/models;

e to recommend topics for further research in this area.

Because the process that will be used in the development of the trip generation
rates/models will be similar among various land use types, only two types of land uses,

namely “office buildings” and “hotels” were selected for this work.

1.3. Outline

The next Chapter is a brief summary of some of the previous research in the trip
generation modeling area; different models and types of studies in this research field. In

Chapter 3, the methodology used in this study and the statistical background are presented.



Chapter 4 focuses on the method of data collection and the preliminary analysis of the
data. The regression analysis and model development stage is presented in Chapter 5. The
final Chapter summarizes the research findings and conclusions and presents

recommendations for further research.



2. LITERATURE REVIEW OF TRIP GENERATION MODELLING

2.1. The Types of Transportation Planning Studies

Generally, it is believed that the Urban Transportation Planning Process (UTPP)
originated with the Chicago Area Transportation Study (CATS, 1959), in which traffic
demands are forecasted based on the assumption that they are related to human travel
behavior, land use, and travel patterns. The UTPP has been the most popular tool for
travel demand forecast in urban areas since 1959 (Dickey, 1983). Papacostas and
Prevedouros (2005) define UTPP as “to perform a conditional prediction of travel demand
in order to estimate the likely transportation consequences of several transportation
alternatives”. Transportation planning process also includes the determination of travel
demand in terms of trip generation, trip distribution, mode of travel and the selected route

assignment.

There are three major classes of transportation planning studies which utilize trip
generation rate values. The first of these studies is a regional study which forecasts person
trips by different trip purposes for a metropolitan area with a planning horizon of 10 to 30
years. Household survey data and socioeconomic characteristics such as income,
automobile ownership, and family size are usually used to determine the number of person
trips generated per household. Then these person trips are converted to vehicle trips using
appropriate automobile occupancy values (ITE, 1992; FHWA, 2002). The second one is a
subarea study which focuses on a subset of a metropolitan region in greater detail than the
long-range regional study with a planning horizon of 20 years. The relative advantage of
subarea studies is reduced computational requirements and data collection costs.
Methodologically, the literature indicates that the subarea approach is similar to the
regional approach: the trip generation, trip distribution, and traffic assignment steps are
replicated for the subarea and modified as necessary to match modeled and observed
traffic volumes (Winslow et al., 1995). The last of these studies is a site impact study
which estimates trip generation rates as the number of vehicle trips that will result from a
specific new land use development such as a shopping center, restaurant, or residential

neighborhood. The time frame until the build-out of the site for traffic forecasting is



usually 3 to 5 years. Unless local data are collected, residential trip generation rates are

usually taken from the Institute of Transportation Engineers’ handbook (ITE, 2003).

2.1.1 Trip Generation as the First Step of Transportation Planning

Transportation planning is a process that develops information to help make
decisions on the future development and management of transportation systems, especially
in urban areas. It involves the determination of the need for new or expanded highways,
transit systems, freight facilities, transportation terminals, their location, their capacity and
the management of their demand. Typically transportation planning involves a forecast of
travel patterns 15 to 25 years into the future with an aim to develop a future transportation

system that will work effectively at that time.

Transportation can have significant effects on mobility, economic development,
environmental quality, government finance and the quality of life (Beimborn, 2006). Wise
planning is needed to create high quality transportation facilities and services at a
reasonable cost with minimal environmental impact and to enhance economic activity.
Failure to plan can lead to severe traffic congestion, dangerous travel patterns, slow
economic growth, adverse environmental impact and wasteful use of money and
resources. Transportation planning is required by law in many countries as well as in
Turkey in order to receive local funding for transportation projects. Significant
transportation projects require a long lead time for their design and construction.
Furthermore, they can have major effects on future land use patterns which need to be

assessed.

The modeling of trip generation is an essential stage of the conventional four-step
transportation modeling procedure. In the four steps —trip generation, trip distribution,
modal split and trip assignment- the total number of trips produced by and attracted to
each part of the area in the first two steps. In the last two steps, the modes of the travel to
make the trips and the specific routes taken are found. This is a standard method used by

transportation planners to forecast travel demand which has been in use for decades.



The number of trips estimated at trip generation stage is later input to models that
merely redistribute the total number of trips among different destinations, modes or routes.

Poor estimates at the trip generation stage are carried over to other modeling steps (Stambi

and Bilt, 1998).

Researchers have been trying to improve and eliminate the deficiencies of the
conventional four-step travel demand forecasting scheme. There exist some combined
models for travel demand forecasting which integrate some or all of the steps of this
scheme. Some researchers tried to eliminate the deficiencies of the scheme by approaching
the problem as an optimization process. One of these models approaches the problem as
equivalent optimization process in which all the steps are combined together (Safwat and
Magnanti 1998). When the process is solved, it yields the desired equilibrium solution.
The common perspective of the models is to solve the steps of the travel demand
forecasting problem simultaneously. Another model only combines the first two steps of
the conventional four-step process which are trip generation and trip distribution (Cesario,
1975). This model proposes that since each step is independently processed of the others,
it may include certain inconsistencies. Like other simultaneous equilibrium models, this
one also proposes to eliminate the inconsistencies in between the steps by combining the

first two steps.

The main function of the trip generation is to process and estimate the total
number of trips generated and attracted by each area unit (zone) in conjunction with the
land use and the socio-economic characteristics of each zone (Oyedepo et al., 2009).
Basically, there are three approaches commonly used in the trip generation analysis:
regression analysis, trip rate analysis, and cross-classification analysis. These three

approaches are used in this study.

2.2. Trip Generation Modeling

The first step in transportation planning is trip generation. In this step, information
from land use, population and economic forecasts are used to estimate how many trips will

be made to and from each zone, land use or building type.



Trip generation rates vary depending upon land use types. These values are
generally the basis for studies such as transportation planning, traffic impact assessment,
and so on. According to Hutchinson (1974), information-gathering and the coding of data
are important parts of urban transport planning and this aspect of the systems approach
absorbs, typically, from one half to two thirds of the total budget. Therefore, being a costly
procedure, obtaining trip generation rates every time for a study (i.e. traffic impact,
planning) is practically impossible. Stemming from this idea, the Institute of
Transportation Engineers (ITE) has developed Trip Generation Handbook (ITE, 2003) for

various land use trip generation models.

Trip Generation Handbook is an informational report of the Institute of
Transportation Engineers (ITE). The handbook includes three basic information of land
use: weighted trip generation rate, a plot of the actual trip ends versus the size of the
independent variable for each land use type (such as number of employees, number of
beds, gross floor area, etc.) and regression equation of trip ends related to the independent
variable. Its primary objective is to provide traffic and transportation engineers with a
single document on trip generation for all land uses and building types. Estimation of the
number of trips that may be generated by a specific building or land use have been
developed for the average weekday, weekend; for the peak hours of the generator; and for

the one hour when the adjacent street traffic is at its peak (ITE, 2003).

The procedures applied the initial steps of the established ITE methodology in
estimating the trip generation rates which entails basic survey of the site characteristics.
Since gross floor area (GFA) and number of employees (E) -obtained from the
accomplished survey forms- are physical, measurable and predictable units describing the
study sites, they are identified as the independent variables. Table 2.1 presents the trip
generation rates and volumes (two-way volume) for General Office Buildings with the

independent variable selected as GFA and E for different time zones.



Table 2.1 General office building vehicle trip generation rates (ITE, 2003)

GrozsreFaloor Average Weekday Vehicle Number of Average Weekday Vehicle
(1,000 feet?) Trip Ends per 1,000 feet’ Employee Trip Ends per Employee
10 24.39 50 4.72
50 16.31 100 4.31
100 13.72 200 3.94
150 12.40 300 3.74
200 11.54 400 3.60
300 10.42 500 3.50
400 9.70 600 3.42
500 9.17 800 3.29
600 8.77 1000 3.20
700 8.43 1200 3.12
800+ 8.16 1600+ 3.01

Researches in United States have revealed that when the gross floor area of
general office buildings increases, the employee density decrease even if the number of
employee increases (ITE, 2003). Like the decrease in employee density, average weekday

vehicle trip ends decline when gross floor area increases. Table 2.1 demonstrates this

issue. For instance, a gross floor area of less than 10.000 ft* (9,000 m?) corresponds to an

employee density of 4.72 and an average weekday vehicle trip end of 24.39 per 1,000 ft*
(=90 m?). On the other hand, a gross floor area of 300.000 ft* (%27,000 m?) gives an

average weekday vehicle trip end of 10.42 per 1000 ft* and 3.5 per employee.
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Figure 2.1. Regression plot example (ITE, 2003)

In Trip Generation Manual, regression plots and equations are provided for land
uses at different time periods. The collected data fits into the methodology for establishing
regression equations described in Trip Generation Handbook (2003). An example data
plot and regression model for Shopping Centers are depicted in Figure 2.1. In this plot, the
relationship between Average Vehicle Trip Ends and Gross Leasable Area of the
Shopping Center is demonstrated. The figure does not only show the data plot and the
outputs explaining the quality of the model (regression equation and curve, R?), but also
gives information about the directional distribution percentages for entrance and exit, and
states information about the time period (One Hour Between 4-6 P.M.) and the area

constraint (Greater Than 175,000 Square Feet Gross Leasable Area) where the figure is

valid for use.

One of the main concerns about the data that needs attention is that, the sample

size may not cover the variations in trip generation characteristics of a land use when the



10

sample size is relatively small. Therefore, it is imposed to the users of the report to take

extreme caution when using the rates of small sample sizes.

The average rates in the report are the weighted averages of studies collected
throughout United States since 1996 (ITE, 2003). Because of the availability of a good
public transportation service, ride sharing, or because of the proximity of the specific site
to other developments at specific sites, the users can modify the trip generation rates
presented in the report. Since these issues may reduce vehicle trip making through
walking or combining trips or other, special characteristics of the site or surrounding areas

may affect the rates.

2.3. Transferability of Trip Generation Models

The transferability of trip generation models has been the subject of investigation
since soon after the development of the system-wide transportation planning process (Hill
and Dodd 1966, Schmidt 1969). In order to improve the use of urban transportation
planning in developing countries, an expedient and resource efficient transportation
planning process, which neither requires expensive data collection nor complex or
sophisticated techniques, must be provided (Kawamoto, 2003). Therefore, if some basic
models could be transferred from one geographical area to another in a reliable way, the
forecasting of travel demand will become simpler, saving time and money by combining

transferable mathematical models with recent census data.

Because of the high cost associated with collecting the data, trip generation rates
are sometimes extracted from one study and applied elsewhere. Although national
references point out that locally collected data are preferable, the feasibility of using
existing rates rather than collecting data anew is an attractive option that agencies with
scarce resources often wish to explore (Mann, 2003a; 2003b). If there is not much
difference in data collection method and the socio economic characteristics of different
locations, there are no statistically significant differences in trip generation rates.
However, if the socio economic, environmental or behavioral characteristics are so
different, it is so obvious that these rates should be obtained locally. In other words, the

applicability of the trip rates developed by ITE would be doubtful for Turkish cities.
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Istanbul Greater Municipality (IBB), Transportation Planning Directorate had collected
data for different land uses to overcome this deficiency. This study is focused on the
development of trip generation rates of Istanbul for selected commercial and service land

uses.

Socio economic, environmental and behavioral characteristics obviously differ
between United States and Turkey. In a research (Wilmot, 1995), transferability of trip
generation rates was measured within cities (inter-cities), between areas in a region (inter-
regional) and between several cities (intra-cities) for three different data sets. In this study,
transfer of an entire model is referred to as full transfer (Koppelman and Wilmot 1982).
According to the results of this research, models transfer better between areas of similar
income (high and low income areas). The research proposes that income is the most
significant factor influencing the trip rate transferability, that is, models transfer better
when the average income levels are similar as long as the influence of other factors such
as the quality of the data in the area in which the model is transferred into is reduced.
Knowledge of some of the characteristics of a local situation permits local estimation of
portions of a model (Wilmot, 1995). Partial transfer could be achieved in this case when
some model parameters are estimated locally and the remaining parameters are
transferred. It is mentioned that full transfer could be achieved under favorable conditions,
that is the requirement of high consistency of data sets of the two area or the high quality
of the data used while modeling trip generation. One of the outcomes of this research is
that, application of a simply partial transfer would improve all transfers. The results show

that a partial transfer with only using local constants improves the results dramatically.

Although transferability of trip generation models is not in the scope of this thesis,
it is of primary importance due to the fact that the rates generated for Istanbul would be

helpful in the preparation of a trip generation manual for Turkey.
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3. METHODOLOGY

3.1. Introduction

In this section the methodology used in the research is explained. In the
following sections the types of analyses performed for the preliminary investigation of the
collected data, an explanation of the basic terminology that was used in the research,
statistical methods and their performance measures that were used in the model building

are presented.

3.2. Error Checking and Preliminary Analysis of the Data

The data that has been used in this study has been collected by Transportation
Planning Directorate of the Istanbul Greater Municipality in 2008. The ultimate aim of
this study was to develop a Trip Generation Handbook which would combine the land use
categories and their characteristics (area of the land use category and/or the number of
employee) with the person/vehicle trip ends and present their relationships. This purpose
stems from the need of an informational report which would present trip generation rates
and equations for different land use categories for the use of engineers and planners who
would assess the travel demand of current/new land uses and find out the effects (traffic
load) of them on the existing transportation system. In this thesis only two of the land uses
were selected for investigation. Figure 3.1 depicts the stages of the preparation of this

report.

Having the data collected, it was first checked for any type of error by the staff of
BIMTAS (Istanbul Greater Municipality, Metropolitan Planning and Urban Design
Center). As the next step, the data were coded and entered in the statistical analysis
software SPSS (2008) which became the basic environment for all of the statistical
analysis performed. The coded data was further checked for any missing or wrong entries
and logical errors. The errors were either corrected by going through the original survey

forms or by deleting the case if the error was found to be an uncorrectable type.
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Figure 3.1. Development stages of Trip Generation Handbook

The data was further subjected to simple preliminary analysis such as obtaining
frequency distributions, cross tabulations, descriptive statistics and correlation analysis
using various statistical procedures in the SPSS (2008) program. These analyses also
revealed some further anomalies in the data set which were either corrected or if the
anomaly could not be corrected the whole case was deleted. These analyses are described

in Chapter 4.

3.3. Basic Terminology and Definitions

The definitions of the terminology that was used in the research are given below

(ITE, 2003):

o Weighted Average Trip Generation Rate: The number of weighted trip ends per
one unit of the independent variable (i.e. per employee or per 100 m?). The

average rate was calculated by summing all trips or average trip ends and all
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independent variables where paired data were available and then dividing them
by the sum of the independent variables to obtain a weighted average.

Average Trip Rate for Peak Hour of Generator: The weighted average trip rate
during the hour of highest volume of traffic entering and exiting the study site in
the A.M. or in the P.M. In this study A.M. peak hours are determined as between
6 and 10 in the morning; P.M. peak hours are 6 and 8 in the afternoon,
respectively. Peak hour calculations were carried out for one hour in those
specified time intervals.

Average Weekday Vehicle Trip Ends (WVT): The weighted 24-hour total of all
vehicle trips counted to and from a study site a weekday from Monday through
Friday.

Average Weekday Passenger Trip Ends (WPT): The weighted 24-hour total of all
passenger trips obtained from Istanbul Origin Destination Household Survey
2006.

Gross Floor Area (GFA): The gross floor area of a building is the sum of the area
at each floor level, including cellars, basements, mezzanines, penthouses,
corridors, lobbies, stores and offices that are included within the principle outside
faces of exterior walls, not including architectural setbacks or projections. For
trip generation calculations the gross floor area of parking garages are not
included within the area of the entire building.

Independent Variable: A physical, measurable and predictable unit quantifying
the study site or generator (e.g., building area, employees)

Regression Equation: An expression of the optimal mathematical relationship
between two or more related items (variables) according to a specified criterion

as,

Y = a+bX 3.1)

The objective in developing the relationship between X (independent variable)
and Y (dependent variable) is to determine values of the parameters ‘a’ and ‘b’ so
that the expected error involved in estimating the dependent variable given

estimates of the independent variable will be a minimum.
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e Coefficient of Determination (R®): A measure of what proportion of the total
variation in the dependent variable is explained by the fitted model.

e Trip: A single or one-direction vehicle movement with either the origin or
destination (exiting or entering) inside the study site.

e Trip Ends: In this report, trip ends are the total of all trips entering plus all

leaving a designated land use or building type over a given period of time.

3.4. Statistical Analysis and Modeling

Trip generation equations were developed using Simple Linear Regression

Method which is briefly explained below.

Modeling refers to the development of mathematical expressions that describe in
some sense the behavior of a random variable of interest. This variable may be the price of
wheat in the world market, the number of deaths from lung cancer, the rate of growth of a
particular type of tumor, or the tensile strength of metal wire. In all cases, this variable is
called the dependent variable and denoted with Y (Rawlings et al., 1998). Regression
Models in general; use a relationship between two or more variables so that one dependent
variable can be predicted from the other independent variable(s). Other variables which
are thought to provide information on the behavior of the dependent variable are
incorporated into the model as predictor or explanatory variables. These variables are
called the independent variables (regressors) and are denoted by X with subscripts as
needed to identify different independent variables. Assigning X to the independent
variable and Y to the dependent variable respectively; for every X value plugged into the
equation there will be a corresponding Y value produced. The relationship between X and

Y values can be generalized as in Equation 3.2 (Walpole et al., 2001).

Y; = Bo + B1X; (3.2)

Where,
Y; = The number of event occurring (in this case number of trips generated)

X; = The value of the independent variable
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Bo, 1 = Regression coefficients

The concept of regression analysis deals with finding the best relationship
between Y and X, quantifying the strength of that relationship, and using methods that
allow for prediction of the response values given values of the regressor. In other words,
regression analysis examines the relationship between a quantitative dependent variable Y
and one or more (in multiple regression analysis case) quantitative independent variables,
Xi,...Xs (Fox, 1997). The subscripts denote the observational unit from which the data
were taken. The X’s are assumed to be known constants. In addition to the X’s, all models
involve unknown constants, called parameters, which control the behavior of the model
(Rawlings et al., 1998). These parameters (f3,,5;) , are denoted by Greek letters and are to

be estimated from the data.

An analysis of the relationship between Y and X requires the statement of a
statistical model and it must include the set [(x;,);); i = 1,2,... ,n] of data involving » pairs
of (x, y) values. The statistical model for simple linear regression takes the form of the
equation below and shows how the response (dependent variable) Y is related to the

independent variable x.

Y=a+bx+e (3.3)

In Equation 3.3, a and b are unknown intercept and slope parameters, respectively,
and e is a random variable that is assumed to be distributed with E(e) = 0 and Var(e) = ¢°.

The quantity o” is often called the error variance or residual variance (Walpole et al.,

2001).

The simple linear model has two parameters 3, and [5;, which are to be estimated
from the data. If there were no random error in Y;, any two data points could be used to
solve explicitly for the values of the parameters. The random variation in ¥, however,
causes each pair of observed data points to give different results. (All estimates would be
identical only if the observed data fell exactly on the straight line.) A method is needed
that will combine all the information to give one solution which is “best” by some

criterion.
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The least squares estimation procedure uses the criterion that the solution must

give the smallest possible sum of squared deviations of the observed Y; from the estimates
of their true means provided by the solution. Let 3, and ; be numerical estimates of the

parameters 3, and f3;, respectively.

Y = Bo + BuX; (3.4)

Let Equation 3.4 be the estimated mean of Y for each X; = 1,....,n. The least

squares principle chooses f, and 3; that minimize the sum of squares of the residuals
(Rawlings et al., 1998). In other words, the least squares method of regression minimizes
the squares of the differences between actual points of a data set and points predicted by a
linear equation. These squares of the errors are added up and the total is called the

Residual Sum of Squares (RSS) and the calculation of RSS is shown in Equation 3.5.
n
RSS = ) (% — 1)
i=1

=X(e?) (3.5)

Where, e; = (Y; —Y;) is the observed residual for the /™ observation. The
summation indicated by ) is over all observations in the data set as indicated by the index
of summation; i = 1ton. (The index of summation is omitted when the limits of

summation are clear from the context.)

The estimator for 8, and 5; are obtained by using calculus to find the values that

minimizes RSS. The derivatives of RSS with respect to S, and f8; in turn are set equal to

zero. This gives two equations in two unknowns called the normal equations:
n(Bo) + EXDh = T¥;

EX)bo + (BX:%)By = TX.Y; (3.6)
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Solving the normal equations simultaneously for §, and f3; gives the estimates of

p1 and S, as;

b = (X=X -Y) _ XXV
! ((X; — X)? Yx;?

fo=Y-pX (3.7)

Note that x; = (X; —X) and y; = (Y; —Y) denotes observations expressed as

deviations from their sample means X and Y, respectively.

In general, the linear regression model has been used for trip production or
attraction of trip generation, first step in the conventional four step travel demand
forecasting model (Goulias and Kitamura 1989; Monzon et al. 1989; Goulias et al. 1990).

The linear regression method was used to obtain the trip generation models in this thesis.

The most common criterion for comparing the goodness-of-fit of regression
models is the Coefficient of Determination (Coefficient of Multiple Correlation), or R,

Mathematically it is defined as:

oSSR XL’
SST Y= bip)?

(3.8)

Where,
SSR = Regression Sum of Squares

SST = Error Sum of Squares

This is the proportion of the (corrected) sum of squares of Y attributable to the
information obtained from the independent variable(s). The coefficient of determination
ranges from zero to one and is the square of the product moment correlation between Y;
and Y, . If there is only one independent variable, it is also the square of the correlation

coefficient between Y; and X; (Rawlings et al., 1998).
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The Coefficient of Determination is indirectly an indicator of how much of the
explained behavior that can be captured by the model is contained in the model. It could
also be interpreted as the “quality of data”. In other words, (R* value) per cent of the
variation in the dependent variable is explained by its linear relationship with the

independent variable

Aside from merely estimating the linear relationship between x and Y for purposes
of prediction, the experimenter may also be interested in drawing certain inferences about,
the slope and intercept (Walpole et al., 2001). Therefore, t and F tests were utilized for the
significance assessment of slope and the intercept in developing trip generation rates and

models.

The most common hypothesis in simple linear regression is the hypothesis that the
true value of the linear regression coefficient, the slope is zero, that is, the dependent
variable Y shows neither a linear increase nor decrease as the independent variable
changes. The coefficients of the slope and the intercept of the models can be tested via

Equation 3.7.

fom
s ,b’/;)

t= (3.9)

In equation 3.7, the numerator B, — m tests the hypothesis that H, : §; = m,
where m is any constant or slope of interest and of course can be (in most cases) equal to
zero. In any case, the numerator of the Z-statistic is the difference between the estimated
value of the parameter and the hypothesized value. The denominator is the standard error
of B,. The computed r-value is compared to the appropriate critical value of Student’s ¢
(available in several books as t-tables), determined by the Type I error rate @ and whether
the alternative hypothesis is one-tailed or two-tailed. If t <t,; (for two tailed case
a=a/2) where f is the degrees of freedom, the conclusion is that the data do not provide
convincing evidence that f; is different from zero. Otherwise, the conclusion would be so

that B; is significantly different from m.
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The F-statistic can be used as an alternative to Student’s t for two-tailed
hypotheses about the regression coefficients (Rawlings et al., 1998). F-test in the context
of this thesis is used to test the overall significance of the established models (the
relationship between the variables) yet it has various other uses as well. MS (Regr) is an
estimate of ,802 + ,812 ¥ x;2, and that MS (Res) is an estimate of 2, the standard error

term. Equation 3.8 calculates the F value of the model.

MS(Regr
= #&i)) (3.10)
This is next compared to the critical value of the F-distribution with a and f values
(available in several books as F-tables). If the calculated F value is higher than the table
one, then the relationship between dependent and the independent variables comes out as
significant. Otherwise, the conclusion would be so that, there would not be a relationship

between the variables.
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4. DATA COLLECTION AND ANALYSIS

4.1. Introduction

The data that have been used in this study have been collected by Transportation
Planning directorate of the Istanbul Greater Municipality (IBB, 2008). In this section first,
the data and the methodology for the data collection that has been used in the study was

explained and this was followed with a preliminary analysis of this data.

4.2. Trip Generation of Land Use Categories Data Collection

The data points were selected randomly for the chosen land use categories
(general office buildings and hotels) via a land survey accomplished previously. The
general office buildings were observed at 53 locations and hotels were investigated at 37
observation points. This data gathering work was completed between September 2007 and
March 2008. Land use and employee information were obtained through the Development
Survey Forms (DSF) which is one of the questionnaires used in this thesis. This form
made the calculation of person trip ends possible by the direct addition of customers
visiting the building and number of employees working in the building and is presented in
Appendix A. Traffic Observation Forms (TOF) which is given in Appendix B, is the other
form that was requested to be filled by the authorized people in the building under
investigation which are used to obtain the information of the number of vehicles and
people entering and exiting the facility exist. TOF not only made possible to obtain 24-
hour vehicle and person inflow and outflow values but also provided information about

the modal distribution of vehicles.

4.3. ITE Trip Generation Handbook Method of Data Collection

Before beginning the comparison of the trip generation rates, the differences
between the methodologies used to gather information for the trip generation rates should

be discussed. ITE trip generation rates are mostly based upon data that has been collected
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with automatic counters that record the vehicular traffic entering and exiting a site.
Sometimes the automatic counts are supplemented by manual counts to verify the results
or to determine vehicle occupancy and classification (ITE, 1991). Because the automatic
counters record both the entry and exit of a vehicle from a building under investigation,
the trip generation rates represent two average trip ends per vehicle. Moreover, because
traffic on foot or other modes not counted by the equipment is missing, the data represent
the vehicle (auto) average trip ends (Steiner, 1998), whereas data used in this thesis enable
the calculation of person trip ends since the counts of person was available with the survey
forms. Hence, the vehicle occupancy rates could be calculated with the available vehicle
and person trip end data. On the other hand, the automatic counters seem to be more
advantageous than the manual counts in terms of the reliability of the data. Therefore, for
developing more reliable trip generation models, automatic counters may be preferred.
Furthermore, these counts should be supported by manual count to have the vehicle

occupancy rates and classification scheme.

4.4. Preliminary Data Analysis

In this section, a preliminary analysis for the two selected land uses which are
“General Office Buildings” and “Hotels” are presented. The data was first subjected to a
thorough check for missing data, out-of-range fields, wrong coding etc., and they were
corrected by either referring to the original survey forms or by completely deleting the

case if this was not possible.

Firstly, an outlier analysis was performed for general office buildings to see if
there were any anomalies in the data. As a result of this analysis, six offices which had no
trip ends data (most likely missing information), two money-exchange bureaus which had,
relatively, too many visitors in very small offices, one timber factory which had very few
visitors and, and one sports club were discarded from the data. Most of these deleted cases
obviously have different characteristics than a general office building and obviously form
a special land use type that needs to be analyzed separately. Totally 10 observations were
removed and thus 43 data points were utilized in the analysis of general office buildings.

In Figure 4.1, the general office building data locations can be observed.
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Figure 4.1. General office buildings’ data locations

Secondly, hotels were investigated through an outlier analysis with the aim of the
elimination of possible anomalies in the data. The analysis showed that three of the
observation points were not hotels and did not include land use information (gross floor
area); hence they were excluded from the data. Furthermore, one women’s refuge house, a
security camp, a motel and a hostel were discarded from the data since the average mean
trip rate and land use outputs (gross floor area and number of employee) were different
from the other data points in this land use category. Totally, seven observations were
removed and remaining 30 hotels were used in the analyses of hotels. Unlike general
office buildings, hotels were also classified according to the zonal area classification
employed by IBB.

These classes include “CBD”, “urban”, “suburban”, “rural boundary” and “rural”

segments. The locations and the zonal separation of hotels’ data are shown in Figure 4.2.
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Figure 4.2. Hotels’ data locations and zonal separation

4.4.1. Preliminary Analysis of General Office Buildings’ Data

General Office Buildings are defined as a type of building which houses one or
more tenants and is the location where affairs of a business, commercial or industrial
organization, professional person or firm are conducted (ITE, 2003). The building or
buildings may be limited to one tenant, either the owner or lessee, or contain a mixture of
tenants including professional services, insurance companies, investment brokers,
company headquarters, and services for the tenants such as bank or savings and loan, a

restaurant or cafeteria, and service retail facilities.

Initial analyses were performed with the purpose of finding out the employee
densities for Weekday, Saturday and Sunday and gross floor area (GFA) intervals. In
Table 4.1 it can be observed that the employee densities decrease when the gross area of
the office building increases. One other observation from this table, which is expected, is
that the employee densities decrease in the weekends. Further, it seems that on Saturdays,

most of the office buildings are open since the difference in employee densities between
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weekday and Saturday is insignificant. Although there are 6 observations in 500 to 750 m’
GFA range, the employee density is zero due to the fact that those offices are closed on

Sundays.

Table 4.1. General office building employee densities (Employee per 100 m* GFA)

Gross Floor | Sample Size .
Area (N) Statistics Weekday | Saturday Sunday
(m’)
Mean 6.37 5.09 1.67
Under 250 26 Std. Deviation 355 4.47 367
Mean 3.95 3.28 0.48
250 to 500 5 Std. Deviation 295 3.46 0.72
Mean 3.33 1.62 --
500 to 750 6 Std. Deviation 1.48 2.44 ~
Mean 3.11 1.74 1.47
Over 750 6 Std. Deviation 2.79 137 1.62
Average 43 Mean 5.21 3.93 1.27
g Std. Deviation 342 4.04 2.96

In Tables 4.2 and 4.3, the trip rates and the traffic volumes for five different time
periods under the gross floor area intervals of 250 m? are presented. Table 4.2 presents the
trip rates, number of observations and standard deviation of each segment. For example,
for general office buildings with a GFA of less than 250 m” attracts and generates 13.43

vehicle trips per 100 m* with a standard deviation value of 15.84 in an average weekday.



Table 4.2. General office building trip generation rates (GFA)

(Vehicle & Person, Two-Way Volume)
Independent Variable — Trips per 100 m” Gross Floor Building Area
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Average Average AM. P.M.
Gross Weekday Weekday Peak Hour Peak Hour Saturday Sunday
Floor Vehicle Trip Person Trip Vehicle Trip Vehicle Trip Person Trip Person Trip
Area Stats Rates Rates Rates Rates Rates Rates
(m?) (vehicle/100m?) | (person/100m?) | (vehicle/100m?) | (vehicle/100m?) | (person/100m?) | (person/100m?)
Rate 13.43 35.06 0.84 225 36.15 27.88
Under [N 26 26 26 26 26 26
Std. Dev. 15.84 23.73 0.89 3.69 59.86 72.96
Rate 7.93 20.22 0.63 1.37 16.43 9.76
250 -
500 N 5 5 5 5 5 5
Std. Dev. 2.37 14.24 0.64 1.7 16.67 18.85
Rate 6.3 11.85 0.31 0.89 6.9 -
500 -
750 N 6 6 6 6 6 6
Std. Dev. 425 7.25 0.19 1.46 9.74 -
Rate 2.17 22 0.13 0.34 9.84 3.79
(;‘S’f)r N 6 6 6 6 6 6
Std. Dev. 241 355 0.18 0.33 13.31 3.72
Rate 10.22 28.28 0.64 1.69 26.11 18.52
Average | N 43 43 43 43 43 43
Std. Dev. 13.09 2431 0.77 3.03 48.54 57.85

An interesting outcome of the analysis is that, P.M Peak Hour trip generation
values are much greater than A.M. ones. The reason behind this situation may stem from
the fact that, offices open generally at between 8 and 9 A.M., whereas the data collected
gives the A.M. trip ends in the interval of 6 and 10 A.M. Therefore, A.M. Peak Hour
calculations seem to underestimate the trip generation rate since the total volume should
be divided by 4 to obtain the hourly rate. This calculation involves the 2 hours —6 to 7
A.M and 9 to 10 A.M. intervals — in which the vehicle volume is expected to be very low.
On the other hand, in order to clarify this issue according to the working hours of the
employees in the buildings are obtained from the collected data and the hourly variation of
the openings of the office buildings are listed in Table 4.3. It could be observed from
Table 4.3 that, all office buildings open either at 08:00 or at 09:00. Therefore, if the
average travel time is assumed as approximately one hour for the city of Istanbul, than the
morning peak hour generated by the office buildings would be between 07:00 and 09:00
or around this interval. Therefore, users of Table 4.2 should be aware of the

underestimation of morning peak trips and should perform the calculations accordingly.
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Table 4.3. Hourly variation of the opening times of general office buildings

Time 06:00 07:00 08:00 09:00 10:00 | Total
Per cent 0,0 0,0 41,5 58,5 0,0 100

Figure 4.3 demonstrates the dramatic increase of trip volumes for general office
buildings having more than 750 m* GFA. The attractiveness of the building particularly
rises up when the GFA of it goes beyond 625 m”.

800
£ 600
5 = Average Weekday
S 400 Vehicle Volume
2 200 Average Weekday
= B Person Volume
O I 4_7I T 1

Under 250-500 500-750 Over 750

250
Gross Floor Area (GFA)

Figure 4.3. Trip volume variations versus GFA for average weekday

Table 4.4 cross-tabulates the variation of trip generation rates and volumes for the
previously mentioned five time periods with a classification of number of employees
working in the office building as less than 20, between 20 and 100 and over 100. The
classifications of GFA (Table 4.3) and number of employee variables were made
according to several trials of ANOVA statistics and the best categorization was found as
stated above, that is, the mean rates of each category were found to be significantly
different from each other and the classifications increased the models quality by
decreasing the variation and the standard error values. This situation could be observed by
comparing the standard deviation values at each categorized rows with the average rows in
Tables 4.2 and 4.4. Hence, rather than stating only the average values for trip rates and
volumes, researcher tried to render the results by categorization for the sake of the

accuracy of the analysis.

As can be observed from Table 4.4, it appears that for office buildings having

relatively small number of employees, average weekday vehicle trip ends per employee
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value is much greater than for buildings having relatively high number of employees.

Another conclusion is that, Saturday person trip ends per employee values are greater than

average weekday ones. This is due to the less number of employees working on weekends.

Table 4.4. General office building trip generation rates (Employee)

(Vehicle & Person, Two-Way Volume)

Independent Variable — Trips per Employee

Average Average A.M. Peak P.M. Peak Hour
Weekday Weekday Person | Hour Vehicle Vehicle Trip Saturday Sunday
Number Vehicle Trip Trip Ends Trip Ends Ends Person Trip Person Trip
of Ends (vehicle/ (person/ (vehicle/ (vehicle/ Ends (person/ | Ends (person/
Employee Stats employee) employee) employee) employee) employee) employee)
Rate 2.63 6.59 0.16 0.44 8.15 19.04
Under20 | N 33 33 33 33 23 9
Std. Dev. 2.58 5.09 0.11 0.79 7.11 14.35
Rate 1.35 3.69 0.06 0.3 4.92 2
20-100 |N 6 6 6 6 5 1
Std. Dev. 1.11 1.49 0.05 0.25 4.66 -
Rate 0.72 5.24 0.04 0.14 3 2.58
Over 100 | N 4 4 4 4 3 2
Std. Dev. 0.42 3.96 0.02 0.17 0.74 0.04
Rate 2.28 6.06 0.13 0.39 7.13 16.06
Average | N 43 43 43 43 31 12
Std. Dev. 2.39 4.71 0.11 0.7 6.58 14,44

The hourly variation of daily trips (vehicles and persons respectively) by mode is

given in Table 4.5 and Table 4.6. In table 4.5, the average vehicle trips to the buildings are

presented, whereas the outputs listed at Table 4.6 are the average trip values counted in

terms of the passengers (person) inside the vehicles and the pedestrians. These two tables

show that, the office building trips mostly occur in walking mode with a factor of

approximately 2.5 than the other modes in total. The time intervals presented in those two

tables were not converted into hourly values by dividing them by the duration in hours.

However, if the values were converted into hourly rates, A.M Peak Hour seems to fit into

the 10:00-12:00 interval. The morning peak calculations were made according to the

06:00-10:00 interval with the purpose of sticking to the general method of A.M. peak hour

calculations. It can also be observed that P.M. peak values (values that occur between

16:00-18:00) are higher than the A.M. peak values.



29

Table 4.5. Hourly variations of vehicle trip ends and modal split in a weekday
Others Total Hourly Entrance Exit
Time Auto | (All type) | Motorcylce | Vehicle Variation (%) (%) (%)
06:00-10:00 5.2 0.7 0.1 6.0 25.8 83.6 16.4
10:00-12:00 3.7 0.3 0.0 4.0 17.4 51.2 48.8
12:00-16:00 5.7 0.5 0.0 6.2 26.9 45.3 54.7
16:00-18:00 3.0 0.7 0.0 3.7 16.0 33.0 67.0
18:00-06:00 2.6 0.4 0.2 3.2 13.9 14.3 85.7
Total 20.1 2.6 0.4 23.1 100.0 49.9 50.1
Modal Split (%) | 87.0 | 11.2 1.7
Table 4.6. Hourly variations of person trip ends and modal split in a weekday
. Others | Motorcylc . Total Hourl Entranc | Exit
Time Auo | e | Walking | p Ul ation(6) | e (%) | (%)
06:00-10:00 7.8 0.5 0.1 14.5 22.9 20.0 87.2 12.8
10:00-12:00 5.2 1.1 0.0 19.4 25.7 22.4 51.3 48.7
12:00-16:00 8.2 0.2 0.0 22.5 30.9 26.9 45.2 54.8
16:00-18:00 5.0 0.2 0.0 20.3 25.5 22.2 33.5 66.5
18:00-06:00 3.6 0.1 0.5 5.6 9.8 8.6 14.4 85.6
Total 29.8 2.1 0.6 82.4 114.9 100.0 50.0 50.0
Modal Split (%) | 25.9 1.8 0.6 71.7

Figure 4.4 presents the modal split of person trips. Walking mode is the leading

one with a 71.7 per cent, while the other modes -Vehicle, Others (All Types) and

Motorcycle- share the remaining percentages.

Person in
Vehicles
25,9%
Person in
Trucks
1,8%
Person on
Walking Motorcycle
Mode 0,6%
71,7%

Figure 4.4. Modal separations of trips
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The comparison of vehicle and passenger vehicle mode travels is presented in
Figure 4.5. The direct division of person trips (the number of visitors inside their vehicles)
to vehicle trips gives the occupancy values for each time interval. The occupancy value for
automobile travel ranges from 1.4 to 1.5 which is very near to the occupancy rate 1.75,

obtained in the Transportation Master Plan (IBB, 2008).

10,0
8,0 =
6,0

4,0 \"/\g vehicle trips

2,0 person trips
0,0 T T T T 1
06:00-10:00 10:00-12:00 12:00-16:00 16:00-18:00 18:00-06:00

Trip Ends

Time Interval

Figure 4.5. Hourly variations of vehicle and person trip ends for automobile trips

To sum up, in this section the trip rates and volumes in general office buildings
were projected. The example shown below figures out how a trip end value should be
calculated with the given input and declares the differences of trip values between ITE

Trip Generation Manual and Turkish ones.

If a general office building has 50 employees; average weekday trip ends could be
calculated as 236 for ITE conditions (From Table 2.1; p. 8) and 68 trip ends (from Table
4.4) for Istanbul/ Turkey. The difference in the number of trips between these two could
be due to many reasons, such as difference in socioeconomic characteristics or mode
choices of visitors, average income difference, etc. Given example could be expanded for
other time periods, but the difference in number of trip ends would still remain. This
situation supports the initial hypothesis stating the necessity of establishment of trip

generation rates for Turkey.

When the average weighted trip rates and corresponding standard deviations are

examined, one could easily observe the high variation in average trip generation rates.
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Hence, in Table 4.7, necessary sample sizes are calculated for various confidence intervals

(90, 80 and 75 per cents) using the sample size formula:

n=(2“%0)2 4.1)

In formula 4.1, e stands for the error term and 0.10 is used as the allowed error

value in the calculations. The confidence interval of the sample is determined by z,/,

term, that is, the error will not exceed the assigned 0.10 value with a 100(1 — a)%

confidence.
Table 4.7. Sample size calculation for general office buildings
Average Average Weekday
Weekday Weekday Weekday Evening | Saturday | Sunday
Independent Vehicle Passenger Morning Vehicle | Passenger | Passenger
Variable Statistics Trips Trips Vehicle Trips Trips Trips Trips
Rate 10.22 28.28 0.64 1.69 26.11 18.52
N 43 43 43 43 43 43
GFA Std. Dev. 13.09 2431 0.77 3.03 48.54 57.85
90% confidence N 211 141 198 295 306 514
85% confidence N 184 124 173 258 268 449
75% confidence N 147 99 138 206 214 360
Rate 2.28 6.06 0.13 0.39 7.13 14.87
N 43 43 43 43 31 12
E Std. Dev. 2.39 4.71 0.11 0.7 6.58 14.37
90% confidence N 172 128 139 295 152 159
85% confidence N 151 112 122 258 133 139
75% confidence N 121 89 97 207 106 111

For instance, for 85 per cent confidence, 184 observations are needed in weekday
vehicle trip rate case. 43 observations are found to be unsatisfactory for all time periods at
each confidence interval. In order to have a sample size not exceeding 0.10 error value in a
confidence interval of 90 per cent, at least 296 observations are required for vehicle trip

and 515 for person trip calculations.
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4.4.2. Preliminary Analysis of Hotels’ Data

In ITE, Trip Generation Handbook, a hotel is defined as a place of lodging that
provides sleeping accommodations, restaurants, cocktail lounges, meeting and banquet
rooms or convention facilities, and other retail service shops. All suites hotel, business
hotel, motel and resort hotel are presented in that informal report as “the other types of

hotels™.

In Trip Generation Manual, the independent variables are chosen as “number of
rooms”, “gross floor area” and “number of employee”. Therefore unlike in this thesis, the
trips per room were listed in the manual. The inexistence of room information in the data
collected by BIMTAS in 2007 prevented the calculation of the trip rates in terms of
number of rooms.

While calculating the GFA for hotels, “main building”, “general store”, “social
facilities” and “common use” areas were summed up. Five observations were discarded
form the vehicle trip rate calculation analysis since the TOF were not available for them
and five observations were eliminated due to the inconsistencies existing in TOF.
Consequently, the vehicle trip rates (Average Weekday, A.M Peak and P.M Peak Hour)
were calculated for 20 locations. On the contrary, the calculation of person trips, (Average

Weekday, Saturday and Sunday) with the addition of previously discarded locations which

did not have TOF and having inconsistencies in TOF, was performed for 30 hotels.

Initially, as it was done in the previous section, the employee variation in terms of
employee/100m” GFA was investigated but this time it was done for the predefined zoning
scheme. The results are presented in Table 4.8. The examination of these results brings out
the following observations: CBD zone employee rates are the highest; mean GFA of CBD
and urban zones do not differ that much but employee densities are distinctive; suburban
and rural zones’ GFA values are much higher than the other ones; the expected decrease in
employee density going through CBD to rural was not observed which might happened
due to the random nature of the data, or because, the analysis was performed for all kind

of hotels ,without the distinction like resort hotel, business hotel, etc., unlike the ITE Trip
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Generation Manual case as mentioned previously, or due to insufficient number of

observations in the cells.

Table 4.8. Hotel employee densities
(Employee per 100 m* GFA)

Average Weekday Saturday Sunday
Area Number of Employee Number of Employee Number of Employee Gross Floor Area
Categorization | Stats. per 100 m* GFA per 100 m> GFA per 100 m* GFA (GFA)
Mean 1.32 1.31 1.30 3141.64
CBD Std. Dev. 0.86 0.87 0.88 4495.38
N 14 14 14 14
Mean 0.74 0.74 0.74 3363.33
Urban Std. Dev. 0.38 0.38 0.38 6206.34
N 6 6 6 6
Mean 1.02 1.02 1.02 23220.00
Suburban Std. Dev. 0.85 0.85 0.85 32125.36
N 3 3 3 3
Mean 0.71 0.69 0.69 13597.14
Rural Std. Dev. 0.44 0.42 0.42 25530.09
N 7 7 7 7
Mean 1.03 1.02 1.02 7633.43
Total Std. Dev. 0.73 0.73 0.73 16399.90
N 30 30 30 30

The first set of analyses for Hotels were performed with the purpose of calculation
of trip rates in different time periods previously described in the last section. Unlike the
analysis for General Office Buildings, the trip rates were calculated for the zoning

schemes as well. The results are shown in Table 4.9.

When the results are examined for all columns in Table 4.9 showing trip rates for
different time periods, it can be observed that trip rates decrease as the density of the zone
declines. In other words, for CBD zones the trip rates are the highest, whereas for rural
zones they are the lowest. If the results are compared with the total (average) trip rate
values, one can say that, CBD and urban zones trip rates are greater for almost all columns
which was an expected result to occur. The weekend trip rates are slightly greater than the
weekday ones which was an expected situation and as a result, there seems to be a higher

trip attraction and production for hotel trip rates in the weekends.
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Table 4.9. Hotel trip generation rates (GFA)
(Vehicle & Person, Two-Way Volume)
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Average Average AM. P.M. Saturday Sunday
Weekday Weekday Peak Hour Peak Hour Person Person Trip
Vehicle Trip Person Trip Vehicle Trip Vehicle Trip Trip Rates Rates

Area Rates Rates Rates Rates (person/10 | (person/100
Categorization | Stats. (vehicle/100m?) | (person/100m?) | (vehicle/100m?) | (vehicle/100m?) 0m?) m?)

Mean 1.76 9.83 0.05 0.10 9.42 9.28
CBD N 8 14 8 8 14 14

Std. Dev. 1.60 5.27 0.05 0.17 5.28 5.35

Mean 1.41 8.19 0.05 0.33 7.87 8.71
Urban N 4 6 4 4 6 6

Std. Dev. 0.91 522 0.07 0.37 4.40 5.64

Mean 0.69 4.73 0.14 - 6.11 6.11
Suburban N 2 3 2 2 3 3

Std. Dev. 0.86 4.92 0.19 - 6.83 6.83

Mean 0.72 3.43 0.03 0.05 6.41 6.33
Rural N 6 7 6 6 7 7

Std. Dev. 0.61 1.90 0.05 0.06 3.78 3.83

Mean 1.27 7.50 0.05 0.12 8.08 8.16
Total N 20 30 20 20 30 30

Std. Dev. 1.20 5.20 0.07 0.21 4.89 5.15

AM and P.M Peak Hour trip generation rates seem to vary significantly on the

ground that, standard deviations of these rates are relatively greater. Furthermore, at
suburban row there was no rate calculable for P.M Peak Hour. It is recommended to
increase the data points to have more reliable results for these peak hours. In general,

however, P.M. peak hour rates are higher than the A.M. ones for all different zonal areas.

In Table 4.10 the trip generation rates per employee for different time segments
versus area segmentation are summarized. Inference to this seems that, the weekday trip
generation rates for urban zone are slightly higher than the inside-centre ones which may
stem from the lower employee density in the urban zone as could be observed from Table
4.10. However, both of these rates are higher than the average trip generation rate. In
general, the trip rates seem to decrease as the hotels get away from the city center. Also,
although trip rates are comparable for urban areas for weekday and weekend passenger
trip rates, for outside zones the passenger trip rates are higher. For passenger trip rates,

weekend values are higher than the weekday values in general.
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Table 4.10. Hotel trip generation rates (Employee)

(Vehicle & Person, Two-Way Volume)
Independent Variable — Trips per Employee

Average Average AM. P.M.
Weekday Weekday Peak Hour Peak Hour Saturday Sunday
Vehicle Trip | Passenger Trip | Vehicle Trip Vehicle Trip Vehicle Trip Vehicle Trip

Area Ends per Ends per Ends per Ends per Ends per Ends per
Categorization | Stats. Employee Employee Employee Employee Employee Employee

Mean 1.70 9.47 0.04 0.08 8.29 8.34
CBD Std. Dev. 1.65 5.74 0.05 0.17 3.53 3.79

N 8 14 8 8 14 14

Mean 1.99 10.33 0.05 0.57 11.79 11.75
Urban Std. Dev. 1.39 6.13 0.06 0.77 4.88 5.46

N 4 6 4 4 6 5

Mean 0.40 4.17 0.07 - 5.09 5.09
Suburban Std. Dev. 0.36 1.12 0.09 - 1.66 1.66

N 2 3 2 2 3 3

Mean 1.28 6.05 0.05 0.12 11.03 10.98
Rural Std. Dev. 1.11 5.09 0.09 0.15 9.96 10.02

N 6 7 6 6 7 7

Mean 1.50 8.31 0.05 0.18 9.31 9.23
Total Std. Dev. 1.36 5.59 0.06 0.39 5.89 6.06

N 20 30 20 20 30 29

The average trip ends for hotels are presented in Table 4.11. As can be observed
in this table, the average weekday vehicle and passenger trip ends for suburban area
categorization zone are much higher than the weekend trip ends. Since most of these

hotels are located in the historical peninsula which has a significant amount of tourists this

Table 4.11. Hotel average trip ends
(Vehicle & Person, Two-Way Volume)

Weekday Weekday
Average Average Morning Evening Saturday Sunday
Weekday Vehicle Weekday Vehicle Trip Vehicle Trip Passenger Passenger
Area Trip Ends Passenger Trip Ends Ends Trip Ends Trip Ends
Categorization | Stats. (vehicle/day) Ends (Pass./day) | (vehicle/hour) (vehicle/hour) | (Pass./day) | (Pass./day)
Mean 39.50 188.51 2.13 2.81 173.00 169.71
CBD Std. Dev. 57.07 332.34 4.19 4.78 332.44 332.36
N 8 14 8 8 14 14
Mean 40.75 159.00 3.06 5.50 122.67 126.00
Urban Std. Dev. 60.53 244.28 5.17 5.80 153.71 151.98
N 4 6 4 4 6 6
Mean 16.00 543.33 3.00 0.00 580.67 580.67
Suburban Std. Dev. 14.14 656.70 3.54 0.00 625.75 625.75
N 2 3 2 2 3 3
Mean 54.67 176.57 3.17 3.58 352.86 355.14
Rural Std. Dev. 91.29 182.96 5.59 5.18 487.60 487.17
N 6 7 6 6 7 7
Mean 41.95 21531 2.71 3.30 245.67 245.33
Total Std. Dev. 64.09 330.10 4.45 4.81 387.13 387.12
N 20 30 20 20 30 30
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might be a particular characteristics for this area. Another interesting point is that, the
weekend person trips for rural zone are higher than the week ones and this might be

explained by the fact that these hotels may be used as a weekend retreat possibility.

Tables 4.12 and 4.13 present the hourly variations and modal split of trips. In
Table 4.12, it can be observed that, trip ends in the automobile mode is the highest with a
per cent of 82.5. When the modal split values listed in Table 4.12 are compared with the
ones in Table 4.13, the decrease in automobile and an increase in the others mode could be
observed. This situation reflects the visitors” modal choice to the Hotels coming with a

vehicle.

Table 4.12. Hourly variations of vehicle trip ends and modal split in a weekday

Others® Total Hourly Entrance

Time Auto (All type) | Motorcylce | Vehicle | Variation (%) (%) Exit (%)
06:00-10:00 8.0 2.1 0.8 10.9 259 61.8 38.2
10:00-12:00 9.0 0.7 0.0 9.7 23.0 50.3 49.7
12:00-16:00 4.8 0.6 0.0 53 12.6 443 55.7
16:00-18:00 6.2 0.4 0.0 6.6 15.7 432 56.8
18:00-06:00 6.7 2.9 0.0 9.6 22.8 36.6 63.4

Total 34.6 6.6 0.8 42.0 100.0 48.3 51.7

Modal Sph‘[ (%) 82.5 15.6 1.9

# tractor trailer, truck, pickup truck, bus, minibus

When the hourly variation of vehicle trips is examined, as presented in Table 4.12,
the morning peak seems to occur between 06:00 and 10:00 interval. But, if the length of
this interval is considered, the 10:00-12:00 interval seems to be the morning peak since in
the former case the average number of entering and exiting vehicle is 10.9 for four hours,
whereas in the latter case the average number of vehicle is 9.7 in total for two hours. Since
the variation of trips in 06:00-10:00 interval is unknown, it would be incorrect to directly
state that 10:00-12:00 interval is the morning peak although it has a higher average vehicle
per hour value. In order to have a better understanding in this issue, person trips could be
examined. Table 4.13 presents the person trip variation in time and modal split. The total
person column in Table 4.13 designates the lead of morning entrance with the high

number of person entrance in truck. The truck (all types) mode dominates the person trips
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in the 06:00-10:00 interval most probably due to the provision of needs of the hotels in
terms of employee and goods. Unlike the results presented in Table 4.12, person trip
modal split per cents expose the high walking mode trip ends. Further, it would be more

explanatory to present the vehicle occupancy values.

Table 4.13. Hourly variations of person trip ends and modal split in a weekday

Others® Total Hourly

Time Auto | (All type) | Motorcylce | Walking | Person | Variation(%) | Entrance (%) | Exit (%)
06:00-10:00 10.2 15.9 0.8 234 50.3 26.6 61.6 38.4
10:00-12:00 26.0 0.8 0.0 6.7 335 17.7 48.4 51.6
12:00-16:00 8.2 1.9 0.0 21.7 31.7 16.8 45.7 54.3
16:00-18:00 8.0 2.1 0.0 13.6 23.6 12.5 54.6 45.4
18:00-06:00 9.8 11.5 0.0 28.9 50.2 26.5 47.5 52.5

Total 62.1 32.1 0.8 94.2 189.2 100.0 52.0 48.0

Modal Split (%) | 32.8 17.0 0.4 49.8

* tractor trailer, truck, pickup truck, bus, minibus

As it was discussed in the section for General Office Buildings, the direct division
of person trips to vehicle trips, at first glance, yields to the vehicle occupancy value.
However, the person trips include the visitors of walking mode. Hence, the occupancy

values were calculated for an average weekday in a further step and listed in Table 4.14.

Table 4.14. Vehicle occupancy rates in a weekday per period

Others
Time Auto (All type) Motorcylce Average
06.00-10.00 1.3 7.6 1.0 2.5
10.00-12.00 2.9 1.2 - 2.8
12.00-16.00 1.7 3.5 - 1.9
16.00-18.00 1.3 5.1 - 1.5
18.00-06.00 1.5 4.0 - 22
Average 1.8 4.9 1.0 23

When the auto mode occupancy values are examined in Table 4.14, it is seen that
occupancy rate in 10:00-12:00 interval goes beyond the average rate, whereas in other
intervals this rate is below the average one. The others (bus and minibus for Hotels)

occupancy rate is the maximum in 06.00-10.00 interval.
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The calculated average trip rates and corresponding standard deviations due to
high variation observed in the data necessitated the calculation of required sample sizes of
hotels for various confidence intervals (90, 85 and 75 per cents) using Formula 4.1. Table

4.15 presents the calculated sample sizes for these confidence intervals.

Table 4.15. Sample size calculation for hotels

Average Average Weekday Weekday
Weekday Weekday Morning Evening Saturday Sunday
Independent Vehicle Passenger Vehicle Vehicle Passenger | Passenger
Variable Statistics Trips Trips Trips Trips Trips Trips
Rate 1.27 7.5 0.05 0.12 8.08 8.16
N 20 30 20 20 30 30
1.20 52 0.07 0.21 4.89 5.15
GFA Std. Dev.
90% confidence N 156 114 230 288 100 104
85% confidence N 136 100 201 252 87 91
75% confidence N 109 80 161 201 70 73
Rate 1.00 8.32 0.04 0.12 9.31 9.23
N 20 30 20 20 30 30
. Std. Dev. 1.32 5.59 0.06 0.32 5.89 6.06
90% confidence N 180 177 141 251 198 194
85% confidence N 158 155 123 219 173 168
75% confidence N 126 124 99 175 139 135

For average weekday vehicle trip rate case for instance, at 85 per cent confidence,
136 observations are required. Weekday peak hour trip rates suffer more variation than the
other time periods and need larger sample size. One other inference is that, in all
confidence rows both for GFA and E, the required sample sizes are much higher than the

available number of observations.
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5. DEVELOPMENT OF TRIP GENERATION MODELS

Development of Trip Generation Models is one of the most important stages in
modeling process. In Trip Generation Manual (ITE, 2003), the basic and the suggested
rout for the correct use of the manual starts from the selection of either the use of
regression equations or weighted average rate for the determination of the number of trips.
If the number of trips for a specific site and a time is under investigation, first thing to do
is the selection between the two sources which basically depends on the existence of a
regression equation. If there is a regression equation provided where the data plot contains
more than 20 data points at the same time, the use of the regression equation is
recommended. Not only that, but also the regression equation should have an R of at least
0.75 which indicates the desired level of correlation between the trips generated by a land
use and the value measured for an independent variable. If these are not satisfied and
additionally the standard deviation is less than or equal to 110 percent of the weighted
average rate, then the use of weighted average rate is recommended (ITE, 2003). But, in
any case the common requirement is that, the value of the independent variable for the
land use must fall within the range of data included to use either the rate or equation. If the
user cannot take the advantage of rate or equation should collect local data to accomplish

in trip estimation.

This chapter focuses on the regression analysis of the relationships between the
dependent (T) and independent variables (GFA and E). While accomplishing these, the
plots of the collected data were presented so as to have a visual understanding on the
variation of points. Additionally, R” values and the regression model equations were also
presented on these plots with the purpose of having a more representative figure and the
statistics test results were presented in separate tables as “F” and “t” tests’ significance

values and standard deviations.

In the following two sections, trip generation regression models of Office
Buildings and Hotels are given. Separate models have been calibrated for average

weekdays (vehicle and person trips), average weekday peak hours (A.M. and P.M.) and
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weekend (Saturday and Sunday) periods. This chapter ends with an example of how the

obtained results could be utilized.

5.1. Calibration of Regression Models for Office Buildings

Office Buildings were investigated for the average trip generation rates in the last
chapter. In this section model calibration for Office Buildings using regression analysis
have been explained. To have a better understanding of the relationships among the
dependent variable and the independent variables scatter plots were prepared. These plots
revealed the variance of the data, the kind of relationships (linear, logarithmic, etc.)
between the dependent and the independent variables. Using the information obtained
from these plots, regression models were then calibrated. In an example given in Section
5.3, the trip generation rates obtained from the regression equations and average trip rates

were compared.

5.1.1. Data Plots of General Office Buildings

In this section, Figures 5.1 to 5.6 were given so as to show the plots of the
collected data and related outputs such as the regression equation and curve, R* value,
standard deviation, number of observations, the range of the data, average trip rate and the
average value of the independent variable for various time periods (weekday, weekends,

peak periods etc).

When the relations between the trip ends for varying time periods and GFA/ E are
examined, except the relationship of weekday morning peak hour vehicle trip ends and
GFA, all R? values were found to be higher than 0.50. Furthermore, the weekday person
trip ends and WE relations have an R* value of 0.82 which is shown in Figure 5.2. In
weekends, R* values have a range of 0.70-0.87. The models with person trip ends in
weekdays generally have standard deviation values of less than the corresponding average
trip rates, whereas, the models developed with vehicle trip rates in weekdays have
standard deviations which are higher than the average trip rates. These deviations are

shown in Figures 5.1 and 5.2. In Figure 5.4, the standard deviations for both independent
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variables almost double the mean trip rates which are a representation of a high variation
in these models. The models developed with GFA as independent variable, when
compared to the models with E yields higher standard deviation values. This situation

could be observed in Figures 5.5 and 5.6.

5.1.2. Regression Models of General Office Buildings

The plots of General Office Buildings designate the variation of data collected and
several outputs such as regression equation and curve, per cent of entry and exit
(directional distribution) and R* value. Besides, tables showing related statistical outputs
such as trip generation rate, rate range, standard deviation of data, number of studies
(observation) and the average values of the independent variables are given above these
plots. The plots and associated tables are satisfactory for a detailed study which aims to
find the average trip generation value of an Office Building if the analyzer is interested in
the variation of trips. However, due to data restrictions it is not possible to obtain plots
every time. Therefore, a table which states the necessary information for a transportation
study is prepared. Table 5.1 is a summary table showing the Regression Models obtained
from the analysis performed for General Office Buildings which includes the alternative
regression equations, the transformed versions of logarithmic equations listed under plots,

t and F statistics which are not present in the plots.

The column showing F statistics results and the significance values of the models
brings out that all the models are statistically significant with having significance values
much less than the critical value of a = 0.05. All of the R? values are higher than 0.50
except for A.M. Peak Hour Vehicle Trip Ends row, which is 0.48. For the person trip end
results (weekday and weekend) the R” values are found to be in 0.72-0.87 interval;
whereas, the vehicle trip ends are in 0.48-0.66 interval. The difference in these results may
stem from several factors such as, the quality of data and data collection, data entry, the
randomness of the data, etc. One interesting output of the regression analysis results is
that, logarithmic linearization of the variables led to the best models in almost all cases

except for the Saturday person trips’ relation with employee.
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Table 5.1. Regression models of office buildings

48

Regression Equation ATR Percent  Percent
(t-values) F Stats. (Std. Entering  Exiting
Time Alternative Regression Equation (sign) R? Dev.) Trips Trips
Ln (WVT)=-0.382 + 0.542 * Ln (GFA) 47.77 10.22
(-0.884) (6.912) 0.00 0.56 (13.09) 50 50
Average Weekday WVT = e-0382 x GFA0542
Vehicle Trip Ends
X Ln (WVT)=1.152 + 0.658 * Ln (WE) 59.71 228
(vehicle/day)
(5.456) (7.727) 0.61  (2.39) 50 50
WVT = el152 x WE0658 0.00
Ln (WPT) = 0.044 + 0.681 * Ln (GFA) 108.51 28.28
(0.122) (10.417) 0.00 0.73  (24.31) 50 50
Average Weekday WPT = e0_044. X GFA0_681
Peg;‘;‘g;}ga}:;)'ds Ln (WPT) = 1.899 + 0.847 * Ln (WE) 18221 6.06
(12.326) (13.498) 000 0.82 (4.71) 50 50
WPT = e1.899 X WEO.847
Ln (MVT) =-2.592 + 0.448 * Ln (GFA) 34.60 0.64
AM. (-6.112)  (5.882) 0.00 048 (0.77) 83.6 16.4
Peak Hour Vehicle MVT = e~2592 x GFA%448
Trip Ends Ln (MVT) =-1.415+0.594 * Ln (WE) 70.76 0.13
(vehicle/1 peak hour) (-7.987) (8.412) 0.00 0.66 (0.11) 83.6 16.4
MVT = e—1.415 X WEO.594
Ln (EVT) =-1.784 + 0.424 * Ln (GFA) 28.34 1.69
PM. (-3.853) (5.323) 0.00 054 (3.03) 332 66.8
Peak Hour Vehicle EVT = e~ 1784 x GFA%424
Trip Ends Ln (EVT) =-0.539 + 0.494 * Ln (WE) 34.90 0.39
(vehicle/1 peak hour) (-2.360) (5.992) 0.00 060 (0.70) 332 66.8
EVT = e—0.539 X WEO.494
Ln (SAPT) = 0.765 + 0.576 * Ln (GFA) 55.47 26.11
dav P i (1.734)  (7.448) 0.00 0.71 (48.54) NA NA
Satur a};an(eirsson Tip SAPT = e0765 % GFA0576
(person/day) SAPT =37.244 + 2.662 * SAE 154.21 7.13
(2.089) (12.418) 0.00 0.87  (6.58) NA NA
Ln (SUPT) = 1.711 + 0.464 * Ln (GFA) 23.22 18.52
(2.941) (4.818) 000 072 57.85 NA NA
Sunday Person Trip SUPT = el711 x GFA0464
Ends Ln (SUPT) = 3.054 + 0.651 * Ln (SUE) 34.13 16.06
(person/day) (10.416) (5.842) 0.00 79 1444 NA NA

SUPT = e395* x SUE?651

The significance values of the t-statistics results of the coefficients are not stated
in Table 5.1, yet the t-values are given instead. The S coefficients of some equations are
not significantly different from zero since their t values are less than the critical table
value which is around 2.0 for t0s,9.41 Where, 0.05 is the a level and 9-41 is the range of
the degree of freedom. For instance the first equation has an insignificant £, value since its
t value is -0.884. The t-values for f; coefficients are all greater than the table value of t.
Hence, the f; coefficients are all significantly different from zero. The ATR (Average Trip

Rate) column shows the average trip rates for each time category and the standard
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deviations of them. Except for the average weekday person trips relations with GFA and
E, standard deviation results are found to be almost equal or higher than the average trip

generation rates which indicate an existence of high variation in the data.

5.2. Calibration of Regression Models for Hotels

The preliminary analyses of hotels were accomplished in Chapter 4. This section
includes the calibration of regression models for hotels. Like the process followed in the
calibration of regression models for general office buildings, the relationship among the
dependent and the independent variables were investigated. The scatter plots reveal the
variance of the data and regression equation/curve indicates the goodness of fit of the
model visually. Next, the developed models were combined in a look-up table which
includes some statistics that the plots did not have (t and F statistics). Finally, an example
is given in Section 5.3 in which a combination of two office buildings and a hotel were
investigated in terms the trips generated from these buildings; furthermore, the average

trip generation and the regression methods were compared.

5.2.1. Data Plots of Hotels

Figures 5.7 to 5.12 present the plots of the collected data for hotels and related
outputs such as the regression equation and curve, R? value, and so on for various time
periods (weekday, weekends, peak periods, and so on). The R? values of all of the
developed models for Hotels were found to be higher than 0.50. As it was observed for
General Office Buildings, the models developed with person trips have higher R? values
than the models with vehicle trips in weekdays. If the standard deviations of vehicle and
person trips are examined for weekdays which are shown in Figures 5.7 and 5.8, it could
be observed that models with person trips have less variation than the vehicle ones. In
Figures 5.9 and 5.10, high variation could be observed from the plots and from the listed
standard deviation values. Best models for Hotels were obtained for the weekend case
since they have a R? range of 0.73-0.85 and standard deviations of all models are less than

the average trip rates. These values could be seen in Figures 5.10 and 5.11.
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5.2.2 Regression Models of Hotels

Regression models of hotels are collected in Table 5.2 which includes the
alternative regression equations -the transformed version of logarithmic equation listed

under plots- t and F statistics which were not presented in the regression plots.

When the results are examined, the calibrated regression models for hotels have
R? values of higher than 0.50 for every time periods. The person trips have a R” range of
0.64-0.85 in all possible time periods (weekday, weekend) whereas; vehicle trips have a
range of 0.51-0.65. This situation was also observed in the analyses for general office
buildings. The developed models were reasonably good since they were significant
regarding the F statistics and significance values presented in Table 5.2. Moreover, the t-
statistics results which were stated just below the regression equations indicates that, f;
coefficients were all significantly different from zero (as to0s.1328 = 2.0) ; whereas £y
coefficients, except for three cases which are average weekday vehicle trip relation with
employee, P.M. peak hour vehicle relation with employee Saturday person trip relation
with employee, were significantly different from zero. The standard deviations of ATR for
person trips were less than the mean rates; however the deviations for vehicle trips (peak

hours, weekday) were higher than the averages in almost every row.

The resulting regression models for all time periods were logarithmic. Table 5.2
includes the transformed versions of these logarithmic functions with the purpose of an

easy use of the results.

In the next section, the trip generation rate and regression analysis results were
utilized in an example which shows the use of these in an impact analysis and compares

the two methods.



Table 5.2. Regression models of hotels
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Regression Equation F ATR  Percent Percent
(t-values) Stats. (Std.  Entering Exiting
Time Alternative Regression Equation (sign) R?  Dev.) Trips Trips
Ln (WVT)=-4.232+0.920 * Ln (GFA) 25.37 1.27
(-3.079) (5.036) 0.00 0.58 (1.20) 48 52
Average Weekday WVT = e—4232 % GFA-920
Vehicle Trip Ends —
(vehicle/day) Ln (WVT)=0.061 +0.948 * Ln (WE) 21.27 1.00
(0.101) (4.612) 0.00 054 (1.32) 48 52
WVT = e0.061 X WEO.948
Ln (WPT)=0.144 + 0.627 * Ln (GFA)  49.80 7.50
(-0.211) (7.057) 0.00 0.64 (5.20) 52 48
Average Weekday WPT = 0144 x GFA0-627
Person Trip Ends — "
(person/day) Ln (WPT)=2.379 + 0.827 * Ln (WE) 109.75 8.32
(10.103) (10.476) 0.00 080 (5.59) 52 48
WPT = e2.379 X WEO.827
Ln (MVT)=-5.363 +0.767 * Ln (GFA) 10.86 0.05
A.M. (-2.790) (3.295) 0.00 055 (0.07) 62 38
Peak Hour Vehicle MVT = e—5363 x GFA0-767
Trip Ends —
(vehicle/1 peak Ln (MVT)=-2.855+1.073 * Ln (WE)  16.67 0.04
hour) (-2.989) (4.083) 0.00 0.65 (0.06) 62 38
MVT = e—2.855 X WE1.073
Ln (EVT)=-2.955+0.573 * Ln (GFA) 10.61 0.12
P.M. (-2.078) (3.285) 0.01 0.60 (0.21) 43 57
Peak Hour Vehicle EVT = e~2955 x GFA®-573
Trip Ends — -
(vehicle/1 peak Ln (EVT)=0.035+0.513 * Ln (WE) 7.26 0.12
hour) (0.054) (2.694) 0.03 051 (0.32) 43 57
EVT = e0.035 X WEO.513
Ln (SAPT) =0.069 + 0.618 * Ln (GFA) 77.98 8.08
(0.129) (8.831) 0.00 0.74 (4.89) NA NA
Saturday Person SAPT = %069 x GFA618
Trip Ends — "
(person/day) Ln (SAPT) = 2.644 + 0.784 * Ln( SAE) 158.79 9.31
(14.286) (12.601) 0.00 0.85 (5.89) NA NA
SAPT = e2.64—4— X GFAO.784-
Ln (SUPT) =0.147 + 0.611 * Ln (GFA) 73.61 8.16
0.267) (8.580) 0.00 0.73 (5.15) NA NA
Sunday Person SUPT = e0147 x GFA0-611
Trip Ends —
(person/day) Ln (SUPT) =2.632 +0.784 * Ln (SUE) 131.52 9.23
(12.735) (11.468) 0.00 0.83 (6.06) NA NA

SUPT = e2.632 X SUE0.784
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5.3. Trip Generation Calculation Example

As discussed in previous sections, the results obtained in this research can be used
by traffic engineers and transportation planners for various purposes explained above.
Therefore, it would be useful to give an example for the application of the rates and the

regression models. The example given below has been prepared for this purpose.

Suppose that two office buildings and a hotel would be established in the CBD

zone of Istanbul. Figure 5.13 shows the layout of the new facilities and the necessary

inputs.

OFFICE # 1

HOTEL

" «&— Dir. 1
Dir. 2 —>»

OFFICE # 2

DATA SHEET OF THE LAND USES

# of EMPLOYEE

GFA (meters square) |\ ok day/Saturday/Sunday

OFFICE # 1 300 32/21/10
OFFICE # 2 450 25/13/0
HOTEL 4500 55/55/55

Figure 5.13. Data sheet of the example

The example was solved for two cases which are the calculated trip ends with
weighted average trip rate method and the regression equation solution. The results were

obtained for all possible times — average weekday, peak hours and weekend- and they
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were calculated both according to the number of employee (E) in the facility and the gross

floor area (GFA) of the land use. All calculable entrance and exit values were also stated.

Since, the analysis performed for the office buildings do not include results for
zonal categorization, average values would be used for the solution. While calculating the
trip end values for Office 1 in terms of the area of the building, Table 4.2 was used. Since
the GFA of Office 1 was given as 300 m?, the rates were taken from the second row where
the GFA interval is 250-500 m”. Since the rates in Table 4.2 were given as vehicle/100 m*
or person/100 m?, the trip ends for all time periods were found by multiplying those rates
with 3 which is found by dividing 300 by 100. Likewise, the trip ends of Office 1 were
found in terms of the number of the employee which was also given in the example. Those
rates were taken from Table 4.3 in which, the input (given) number of employee which
varies with the day of the week, was entered and then for Weekdays and Saturdays the
row of the employee category “20-100” was used and for Sundays, “under 20” category
was used. The trip ends were found by direct multiplication of the rates with the given
number of employee since the rates were in terms of vehicle/employee or
person/employee. In the calculation of trip rates from average trip generation rate method
for Office 2, the path explained above was followed as well. The trip ends for the Hotel in
terms of GFA was calculated through using Table 4.7. Since the Hotel was planned to be
built in the CBD zone of Istanbul, the first row of this table was used in calculation
process and the GFA of the hotel was given as 4500 m?, hence the trip ends were found by
multiplying the rates by 45 which was found by dividing 4500 to 100. Likewise, trip rates
for the Hotel in terms of number of employee were obtained from Table 4.8 and the first
row of this table was used due to the given zone specification and the number of
employees for different day of week. Once the trip ends were found, the directional trip

ends were found by multiplying the entrance and exit per cents obtained from Figure 5.1.

The calculation of trip ends for the given example by regression method was
completed through several steps. One of the cells in Table 6.3 which was solved by
regression method is explained below. The selected cell is Saturday Person Trips of Office
2. The regression equation was obtained from Table 5.1. The solution steps are shown in

Table 5.3.
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Table 5.3. Example use of trip generation equations

Logarithmic Equation Solution Alternative Equation Solution
Equations Ln (SAPT)=0.765 + 0.576 * Ln (GFA). SAPT = %765 x GFA%-576
= + *
Corutions Ln (SAPT) = 0.765 + 0.576 * Ln (450) SAPT - 60765 x 4500576
=0.765+0.576 * 6.11 =4.28 =72.52
Results SAPT = e*?® = 72.52 person/day SAPT =72.52 person/day

Table 5.4 exhibits the obtained outputs of the problem. Apart from the trip ends
listed in this table, the last two columns were given to show the results for the two
methods used in the analysis in total. Only for A.M. Peak Hour calculated trip end was
higher for the regression method, while for the other time periods average trip generation
rate calculations resulted in higher trip end values. In selecting the results to be used, Trip
Generation Manual suggestions were taken into account which was explained in the initial
paragraph of Section 5. According to these suggestions, the bold numbers at the lowest

two rows in Table 5.4 were chosen.

Another issue which needs attention is the differences of the result found by the
weighted average trip rate and the regression methods. The average weighted trip
generation method obtains the result from a broad range data intervals, whereas regression
equation method gives the trip end values with the entry of the independent variable value
to the function. This situation leads to the conclusion that regression equation method is
more reliable than the average weighted trip generation method. Therefore, in the
calculation of the impact of the attracted and generated traffic on the street, the regression
equation method should be preferable to the rates method. It should be remembered that
the inputs of the problem were in the data range of the regression plots obtained in Section
4 which lead the researcher to utilize the trip end values obtained by regression equation
method in Tables 5.1 and 5.2 wherever the R? values were higher than 0.75. The values

used for the simple impact analysis problem are in bold in Table 5.4.
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Average Weekday Weekend
AM. P.M. Saturday Sunday
Vehicle/Day Person/Day| (1 hour) (1 Hour) [(Person/Day) (Person/Day)
Entr. Exit | Entr. Exit | Entr. Exit|Entr. Exit| Entr. Exit | Entr.  Exit
= GFA | 11.9 119 | 3033 3033 1.58 0.31] 1.36 2.74 NA NA NA NA
(=]
&
= | officet1 Total 23.79 60.66 1.89 4.11 49.29 29.28
8 E 21.6 21.6 | 59.04 59.04] 1.6 0.32]| 3.18 6.41 NA NA NA NA
D
= Total 43.2 118.08 1.92 9.6 103.32 20
=
o, GFA | 15.86 15.86 | 40.44 4044212 041 1.82 3.66| NA NA NA NA
=
. Total . . . . 72 .04
t Officet2 otal 31.72 80.88 2.52 5.48 65.7 39.0
%ﬁ E 16.88 16.88 | 46.13 46.13 | 1.25 0.25| 2.49 5.01 NA NA NA NA
o
g Total 33.75 92.25 1.5 7.5 63.96 --
: GFA | 38.02 41.18 | 230 2124 14 085|194 256| NA NA NA NA
D
~—
.,-E_” Hotel Total 79.2 442.35 2.25 4.5 423.9 417.6
g E 44.88 48.62 | 270.8 250 | 1.36 0.84 | 1.89 2.51 NA NA NA NA
Total 93.5 520.85 2.2 4.4 455.95 458.7
GFA | 7.51 7.51 | 2541 2541|081 0.16] 0.63 1.26 NA NA NA NA
. Total 15.02 . 0.96 1.89 . K
g Office#1 ota 50.82 57.42 78.07
E E 1548 1548 | 62.89 62.89| 1.59 0.31] 1.07 2.16 NA NA NA NA
g Total 30.95 125.77 1.9 3.23 93.15 94.92
g GFA | 9.36 9.36 | 3349 33.49( 097 0.19]10.74 1.5 NA NA NA NA
g
[
g Officet2 Total 18.71 66.98 1.16 2.24 72.52 94.23
= E 13.16 13.16 | 51.02 51.02 | 1.37 0.27] 095 1091 NA NA NA NA
=
1= Total 26.31 102.04 1.64 2.86 71.85 -
1]
§ GFA | 16.01 7.81 [ 1172 721 | 1.84 5.71| 2.78 8.56 NA NA NA NA
on
V] Total 33.34 225.48 2.97 6.46 193.93 197.68
& | Hotel
E 22,78 7.81 | 1543 7.21 | 2.63 5.71| 3.48 8.56 NA NA NA NA
Total 47.46 296.8 4.24 8.09 325.63 321.74
Weighted | = | g336 7.1 | 376 3552|421 141|756 139 NA NA | NA NA
Average Trip| &
Rate Solution | & 170.46 731.14 5.62 21.49 623.23 478.7
Regression —_
Equation g 5142 364512682 121.1] 559 629 55 126 NA NA NA NA
Solution = 87.87 389.33 11.88 18.13 490.63 416.66

The traffic impact of the new facilities were calculated and represented in Table
5.5. These values represent the additional load on the street when the two offices and the

hotel are built.
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Table 5.5. Traffic impact results of the example

Average Weekday Peak Hour Weekend
Vehicle/Day Person/Day (Vehﬁ:.llgilour) (VehiI::.ll:;.Hour) (PcS:rast(l)lrI;?S};y) (Pe?g(l)lrf/%/ay)
Direction Entr. Exit Entr. Exit Entr. Exit Entr. Exit Entr. Exit Entr. Exit
Dir 1 (Entr./Exit) 38 38 114 114 3 1 6 11 NA NA NA NA
(Total) 77 228 3 17 165 95
Dir 2 (Entr./Exit) 9 9 230 212 1 1 2 3 NA NA NA NA
(Total) 19 442 2 5 326 322

One of the major outcomes of this example was to be aware of the extra traffic

load on the existing street that the new facilities (buildings) would generate. For instance,

the example shows that at P.M. peak hour the street should accommodate 17 vehicles in

Direction#1 and five in Direction#2. This example could be a part of a traffic impact

statement which, in many countries is required by law if new facilities are designed.

Moreover, the parking needs of the street or the facility was another matter of fact that

should be under investigation.
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6. CONCLUSION & RECOMMENDATIONS

It is a challenging issue for Turkey to come up with a handbook involving all land
uses’ trip generation rates and models. This study was a part of the study involving all
types of land uses conducted by BIMTAS, for the city of Istanbul showing the method and

theoretical background of trip generation rate and model development process.

In this thesis, trip generation rates and models for General Office Buildings and
Hotels were developed. In order to accomplish the assigned scope, data obtained from
Istanbul Greater Municipality was utilized in SPSS (2008) environment where all required
statistical calculations were performed. In the presentation of the outputs obtained from
these analyses, the format followed in the Trip Generation Handbook (ITE, 2003) was
mostly used. Furthermore, vehicle occupancy rates were calculated and the use of the

developed relationships and rates has been explained through an example.

If the acquired trip rates and regression models are observed regarding their
statistical outputs, R? values are mostly higher than 0.50 which indicate relatively good
models. However, these rates and models could be improved, revised and updated by

other studies using similar data for other locations in Turkey as well.

This study reflects the importance of the requirement of traffic and transportation
studies since they can forecast the impact of new establishments on existing road
networks. One new office building or a hotel may not overload the existing road system
too much but, a combination of these and more land uses which were not investigated in
this thesis might affect the system considerably. Furthermore, small scale travel demand
analysis could be performed without the need of a costly and timely data collection effort.
The completion of this study will come out with the remaining land uses’ trip generation

rate and regression model analysis which could be a further study.

It is strongly recommended to increase the number of observations and integrity of
the data points so as to take care of the high variability that was observed in the data. The

increase of the number of observation will enable more specific and more detailed
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analysis. Hence, sample size calculations were performed for both land use types in
Chapter 4 in order to find the required amount of observations which will satisfy the
assigned confidence interval (90, 85, 75 per cents). For instance, so as to obey a 85 per
cent confidence interval in weekdays for an office building 184 observations are needed
for the models with GFA as the independent variable and 151 observations are needed for
E models (Table 4.7); whereas the available sample size was 43 for general office
buildings in this theses. For hotels, in order to calculate the trip generation rates in an 85
per cent confidence interval, sample sizes should be increased from 20 to 136 for the
models developed with GFA and 158 for the models with E (Table 4.15). In any case, the
available number of observations for both land use types was not satisfactory for all time
periods (weekday, peak hours and weekends) in any of the confidence intervals and needs

to be increased.

Being not divided in equal time intervals, the traffic observation forms (TOF)
sometimes did not yield accurate A.M and P.M peak results. In other words, it was
difficult to separate and assign A.M or P.M peak hours with the current data sheet.
Therefore, it is recommended to survey the land uses in 1 hour intervals. In order to cope
with this problem, researcher utilized the start of working hours of office buildings which
might be a representation of the variation of A.M. peak hour traffic in 06:00-10:00 time
interval. It is recommended to be aware of this variation which was stated in Chapter 4
(Table 4.3) while using the trip generation rates. On the other hand, at Saturday and
Sunday trip rate calculations since the vehicle counts’ data were not collected, vehicle trip
generation rates and regression models could not be obtained. This data should also be

obtained.

Transferability of the outputs was discussed in this study as well. It was
mentioned that with similar socio-economic conditions, the trip rates and models could be
transferred without resulting in erroneous results (Miller et al., 2006).. Therefore, further
studies are needed to study the transferability of the results obtained for Istanbul to other

cities in Turkey.
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APPENDIX A: DEVELOPMENT SURVEY FORM (DSF)

This section includes the customer survey questionnaire form obtained from

BIMTAS.



EK 1B1. iSTAN BUL'DA KENTSEL CALISMA VE ULASIM TESISLERI ALTYAPI
ALANLARI TRAFIK URETIMI SORU FORMU

ISTANBUL BUYUKSEHIR BELEDIYESI
ULASIM PLANLAMA MUDURLUGU
ULASIM MASTER PLANI REVIZE EDILMESI PROJESI

lKAPSAMINDA ARAZI KULLANIM TURLERI TRAFIKIN
URETIM KILAVUZU HAZIRLANMASI HIZMETI ALIMI iSI

YUKLENICI:
BOGAZIGCI INSAAT MUSAVIRLIK A.S.

ISTANBUL'DA KENTSEL CALISMA VE
ULASIM TESISLERI ALTYAPI

ANKET KAPSAMI

Arazi Kullammm Tiiri

[11] Diizenli

[12] Driizensiz

[1]Eonut Yerlesme Alanlan [13] Karma

[14] Topln Komn:

[15] Tarihi Dol

[21]Ticaret ve Hizmet Alanlan )

[2]Kentsel Calisma Alanlan [22]5anayi ve Organize Sanayi (505) Alanlan

[23]Eiigiiks ve Ortm Olgekli Sanayi (KOOS) Alanlan

[24]Eomat Dis Fentel Cahyma Alanlan Y

[31]Eentsel Apk ve Yesil Alanlar
[3]Acik ve Yesil Alanlar

[321DoZal Agk ve Yesil Alanlar

[41]E Zitim Tesisleri

[42]5aglk Tesisleri

[4)Eentsel Sosyal Altyap: Alanlan [43]Sosyal ve Kalrirel Tesisler

[4]Dini Tesisler
[#5]5p® Tesislen

[46]Fanm Euunm Alanlan

[51]Kent igi Ulapm Tesisler v
[3]Ulasim ve Lojistik Altyap: Alanlan

[52]Lojisuk Tesisler
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GEMEL BiLGILER

1. Garilismenin
Yapuldig
Merkez veya
Kurumun
Ad

Adi ve (varsa) tican
linvani

Faks Numarast

E-mail adres:

Web adreci
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2. Gériigmenin

Y apildign XJisaRETI MACE
Merkez veya [EE}E-[ NUZ EKODU
Kurumun
Tiiriini [2101] | Biirolar
Igaretleviniz
[2102] | Cok amach ahisvens
hWerkerlen *
[2103] | Gazino ve Gece
Kuliiplen (Eglence
Merkezi)
[2104] | Lokantalar ve
Festoranlar
[21] TICARET VE . o :
HIZME | ALANLARI [21045] | Tarihi Carsilar
[210¢€] | Bankelar ve Fmans
Kurluslan
[2107] | Otelle
[2108] | Ishanlin
[2109] | Cok kath magazalar
[2110] | Kiigiik ahsvens
mekanlan
[2201] | Akaryvakit zahs ve
R — *
[24] EONUT DISI bakim stasyonlan
ENTS : ] . n
Eﬁiﬁﬁﬁuﬂl{ (22021 | Imalathaneler
[2203] | Oto galenlen
[3101] | Tren Garlan
[3102] | Havaalanlan
?Ellgﬁ;—qu_l[cl ULASTM [5103] | Mongar(ahiis
' Termunalleni
[3104] | Kentig Denizyolu

Isletmecilen ®




® [2102] Markzt, Hiper-Soper-Gross Market, Alisveris Merkezleri, Blylk Alisveris Merkezlen.

[2105] Kapah Cargl, Misir Cargisy, Sahaflar, Sipahi Cargisi.

[2110] Bakkal, Zarkiter.
* [2201] I-;,enslnde maotel ve lokanta da bulunabilen akaryakit satig ve bakim istasyanlan.

[2202] Dumansiz kokusuz atik ve artik birakmayan ve gevre sagidi yaninden tehlike yaramayan

imalathaneler] K53 ve 0SB alanlan digindakiler).

% [5104] iDO, Turyol, Avrasya-Dentur, Deniz Makliyecileri Odasi.

3.
Firmniznmndurum
un Alansal
Kapasiteleri ve
Kullanim
Oranlan Nedir?
|Sadece
Fimnamzin
Kendisinin
Kullanabildigi
Alanlar)

OMCELIKLE TOM
SIKLARI TEK TEK
CKUYARAK
OLUP
CLMADIGINI
VARYOK
SUTUMUMA
ISARETLEYINIZ
DAHA SOMRS,
VAR
ISARETLEMENLE
RIN _ .
BUYUKLOKLERI
Mi ve KAPASTE

BELIRTILEN
BIRIMLERDEN
BiRDEM FAZ_A
DLMASI
DURUMUNDS
CiGER
SECENEGINE NE
OLOUGUNU
BELIRTEREK
TAZINIZ.
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*Maksimumu
3 — Kapasitz
Alan Yol | Var | Toplam Alan (<) Yiiksoldilk Kullanm
Crram (%)
Uretim Binasi 5 ; D:I:I:I:l I:I:l
IL.'ILC'
Uge 2| \LLTTT] [ [ 1]
ILILGE: ..
Yiikleme Bosaltma
e : | [ ]
ILILCE: ..
ARAL KAPASITESI
o2 || T | C
Binek Arag
Ctopark
Alane ARAG KAPASITESI
wa |2 | | EE
ARAT KAPASITESI
v v oepas e | 2 | 1| T T T ] N
Sosyal Donatr Alam *™"
(yesil alan, cami, saghk 2 1 | | |
tesisl, vb.}
Crrtak Kullarm Alam
(e vensore, | 2 | 1 LT ] 1]
vb.}
sowsimws | 2|+ [T [T
1O M | ™
TOFLAM

[TTTTT]

* Maksimum Kapasite Kullanlm Oram [%]): SDH BIR AY igindeki maksimum kapasite kullamim orandir.
* Ana Bina: Firma ya da Kurumun YONETIMININ de iginde bulundudu bina olup, aynca firmaya ya da

kuruma ait diger departmanlan da iginde bulundurabilir.

=+ Binel Arag Otopark Alani: Firmann/Kurumun anlasmah oldugu ya da ortak kullandign otopark
alanlan da dahil olup, SADECE fimramin kullarimina ait alamn bliyaklGgi yazilacalktr.
=% Socyal Donatl Alan: Firmanm/®urumun faaliyet gosterdidi alan igerisinde var olan yessil ala, saglik

tesisi we cami gibi alanlardir.
sk Aok Alan: Firmamn/Kurumun faaliyet gosterdigi alan igecisinde bina alanlan haricindeki tiim alam

kapsar. Om.: 5 bin m2 lik alan iginde var olan 1000 m2 bina taban alam ¢gilonca, Agik alan 4 bin m2

olarak yazilacaktir.
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4. Fimnanzm/Kunimun
Ctopark . .
Ueretlendirme CRETLEMDIRME :

LUICRET
TABLCSU

Durumu Medir?

VAR YOK
FirmayaKuruma ait
ocioparkin ANLASMAL |
veliveya ORTAK KLILLANIN

olmasi durumunu dikkata

alimz. CALISANLAR ICIN
(agagidakilerden
birine [¥] isaret
koyun. )

1. Kendine ait: . 3

2. Anlagmall ve
sadece kendine ait:

3. Anlazmali ve ortak
kullarm:

ZIYARETCILER ICIM
(asagidakilerden
birine [X] igarei
koyun.)

1. Kendine ait: L 2

2. Anlagmah ve
sadece kendine ait:

3. Anlagmall ve ortak
kuillanim:




5. rurumunuznTes!

Sinizin Hizmete Calisma 1. Cahsma 2. Calisma 3. Cabsma
Agak Oldudu War mi? Dilirni Dvilirmi Dilirni
Giinler Galzma Calis Cabs Cals | .
Hangileridir? Giinleri Ew | Hay ma Caliza ma Calisa ma y:nl.-
et r Saalle | nKigi | Saalle | nKisi | Saatle Kisi
(KURUMUNTESISIN fi ri ri
HIEME;I'E AGIK - H : :
OoLDUGU azanz | 2
GUNLERDEKI o sl
VARDIYA SAATLERIMI
VE VARDIYALARDA
CALISAN SAYILARINI Sah 1 2
YAZIM. GEREKIRSE EK
SANT A& HULLAHIMG
E:rs;aﬂ‘" 1 2 _______
)
e 2
Cuma 1 2 1
C‘:umane 1 2
si
Fazar 1 2
Dini
Bayrami 1 2
ar
Raommi
Bayrami 1 2
ar
Farkl
Bir
Cevap
Weriyuns
a
Agiklay
niz

GOK ONEMLI: KURUM YADA TESISTE CALISAN PERSOMELIN YONETICI,
DOKTOR, HEMSIRE, GENEL MUDUR, MUDOR, MODUR YRD., IDARI
PERSONEL, SATIS ELEMANI, TEKNIK PERSONEL, TEKNISYEN, TEKNIKER
GIBl SIMIFLAMAE] VAR ISE, CALISAMLARIM GALISKA ZAMAMLARIMI
(TAM/YARI ZAMANLI) DA BELIRTEN BU LISTEYI EK OLARAK GORUSULEN
KISIDEN TALEP EDiNiZm

STAJYERLER DE belirtilerek DAHIL EDILECEKTIR.




KurumunuzunTesi
sinizn Hizmete
Agik Dldudu
Gilinler

Hangil eridir?

(KURUMUNTESI
SiN HIZMETE
ACIK OLDUGU
GUNLERDEKI
VARDIYA
SAATLERINI VE
VARDI YALARDA
CALISAN
SAYILARINI
FAZIN.
GEREKIRSE EK
SAYFA
FULLAMIN
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Calisma Var . —
Calisma mi’? 4. Gahgmea Dilimi 5. Caligma Dilimni 6. :l‘,i

Gilnler Gahsma | Calsan | Calgma | Calgan | Cals

Bvet | Hayl | Zogher | kisi | Sasben | Kisi | Saan

[ %]

Pazartesi 1

[ %]

Cargamba 1

[ g%

F'er;»embe i

[ g%

Cuma i

[ %]

Cumartasi 1

(%]

Fazar 1

Dini
Bayramlar

Resmi
Bayramlar

Farkli Bir
Cevap
Veriyorsa
Aciklayiniz

COK ONEMLI: KURUM YADA TESISTE CALISAN PERSONELIN YONETICH, GENEL
MUODOR, MODUR, MODUR YRD., IDARI PERSONEL, SATIS ELEMANI, TEKNIK
PERSONEL, TEKNISYEN, TEKNIKER GiBi SINIFLAMASI VAR ISE. CALISANLARIN
CALISMA ZAMANLARINI (TAMVYARI ZAMANLI) DA BELIRTEN BU LISTEY] EK
OLARAK GORUSULEN KISIDEN TALEP EDINiZI

STAJYERLER DE belirfilerck DAHIL EDILECEKTIR.
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6. Goriigmenn
yapildig
iesisin alaniin
yayalann we —
aragiarn Giris Yapiliyor Cikis Yapiliyor
etian o Yaya | Kuglk | YUk/Ticari | Yaya | Kuguk | YOk/Ticar
GiRiS velveya Arac Arag Arag Arag
CIKIS yaptklan
kam saysi 1.Kapi
nedir? 2 Kapl
TAYA ve
ARACLARIN 3.Kap
GIRISICIKIS
YAPTIKLARI 4.Kapi
HAPILAR BAZI
DURUMLARDA AYNI 5-Kapi
OLABILIR BU
DURLIMU DiKKATE 6.Kapi
ALARAK FAP 7 Kapi
OZELLIKLERIMI ap
BELIRTIM 8.Kapi
YANDAKI TABLODA 9.Kap!
CZELLIKLERI
BELIRTILEM _ 10 Kapi
HAPILARI [X] ILE
ISARETLEYIN. Toplam
Kapi
Savyisi
7. Yer segimi yaparken XRTTERLER Evel s 5
bulundufunuz yeri ve yir Dergﬁi‘
segmenizde sayacagimz _ S— —
KRITERLE® etkili oldu .Tercih Ettigim Iste Bagka Bir Yer
mu? Alternatifinin Clmamas (Devletin 1 5
(EGER BIRINCI SECENEK Tanlendirmesi)
"BEVET OLARAK
I-SAF{.ETLEQIF{_SE B. SORUYA 2 Arazi Fiyatlarimin Uygunlugu 1 2
GECINIZ, "HAYIR
ISARETLEMIRSE SIKLARI 3.Mal Temin Etmede Kolaylik 1 2
CELUMAYA DEVAM EDINIZ)
4 Mekan Kiralannm Uygunlugu 1 2
5 Gerekli Altyapimin Warlid 1 2
6. ¥eteri lgyer Alamimin Bulunmas: 1 2
T UretimTaketinn Merkezine Yakinhk
1 2
£.Uagim Olanaklanina Yakinlik 1 2
9 Lojistik Merkezine Yakmhk 1 2
10.Benzer Firmalara Yakinlik 1 9
11.Diger (Belirtiniz) 1 z
12 Diger (Belirtiniz) 1 2
13.Diger (Belirtiniz) 1 2

" “EWET" cevaln verilen sikayetlerin Gnem derecesini EN ONEMLIDEN
baslamak suretiyle SIRA NUMARASINI bu siituna yazZarak kodlaymiz.
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8. Su sayaczagm

konularda SIKINTILAR Ewvet Haywr Cnem
bulundugunuz Derecesl*
konumila ilgili 1.Fehir Merkezinden Uzak Olmasi i
[mekdnsal) - S—
SIKINTILARINI 2.Sehir Merkezine akin Olmas: 1
£ var mi? 3.Ana Ulasim Arterlerine Uzak Oimas 1 2
4 Kentin Trafik Yogunlugunun Fazla Cldugu
Bolgede Bulunmas 1 2
S.Masterilerimin Yok Uastrmadaki Sikntikan 1 2
G Ceniglerme Alanimin Olmamas: 1 2
T.Cevre Arazi Kullamim Torindn Uygun Dimanmasi 1 2
& Toplu Tagima (Otobis, metno, vb) Olanaklannin q 2
Bulurmamas veya Simirl Olmas
9. Uretim Merkezine UZAK Olmas! 1 2
10.Uretim Merkezine TAKIN Qimas) 1 2
11.Dijer (Belirtiniz)

" “EVET” cevab verilen sikayetlerin énem derecesini EN OMEMLIDEN baslamak
surefiyle SIRA NUMARASINI bu siituna yazarak kodlaymz.

9. imkinine nleayd igyarinizi
TASIMAYI dilsiindr
milydiiniiz? Diglntirseniz
NELUENInedir?

(EI‘:'-“-EFF: CEVAP "EVET OLARAK
ISARETLENIRSE NEDEMLERI
OKUMAYA DEVAM EDINIZ, "HAYIR®
[SARETLENIRSE 10. SORUYA
GECINIZ.)

* lgisi Yok: Siralanan NEDEMLERIM
sektire alakasimn clup clmadigim
belitmek igin igarstienecektir. Om.:
OTELLERIM lgjistik merkezine yakin
wup vhinaneas OTELIN ye segminnde
bir KRITER degildir.

Ewet, diisiinirdim

Hayr, dilgiinmezdim. 2

MEDENI Evet | Hayr [:,ﬂ'k:
1.Mal Temin Etmedeki Sikintilar 1 ) ]
2.Malh Ulagtirmadaki Sikntilar 4 ) ]
3.Miziki Alan ¥atersizij 1 = 3
4. Isyerinin Bulundudu Konumun Uygun . 2 2
5.Genigleme imkanimin Olmarmas: 4 ) ]
6.Arazi Fiyatlannm Y dkselmesi 1 ) ]
T Mekdn Kinalanmn A bnas: 1 2 5
B Midgteri Talebinin Firmann Konurmundan i

Azalmras ! 2 3
0.ARyap Yetersizligi + 2 2
11.Dider

12 Diger




10. Ginlisk Ortalama Miisteri/
Tolou Sayiniz Kaghir?

Miisterilerimizin Fr yngun aldogn
Saat Dikmlerini Belirtiniz.

THAL |ESISLERLDE ::;F«__;'I:L::
YOLCU, BAZILARINDA ISE SADECE
MUISTERI, DIGERLERINDE DE HER
iKi BIRCEM VARDIR. BUMA DiKKAT
EDILSIN.

Giinler Toplam Yolou Sayisiran EM
GUNLUK Yofun Man Saat
Miigterif olcu Dilimleri
Sayis*
Pazartesi
Sah
Carsamba
Persembe
Cuma
Cumartesi
Pazar
D¥ini Bayramiar
Resmi Bayramilar
GOnidk Orialama MOster / ToeW SISk oo

Haftalk Orialama Migten / Yolou Sayisi: ...

Ayhik Ortalama MOster / Yolou SaWISE e s

Yillk Ortalama Misteri ! Yolcy Sayist ...
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|11.

Kurumuruza YUK

GIRISI veya i Evet

P PR T TP —
BT LT RS- T Ha’!”r

CIKIS] meveut mu?

Cevap EVET ise 12, 13 ve 14. sorulan yanidapmz, "HAYIR" ise 15. Soruya geginiz.

12.

(GUHLOK, ORTALAMA
RAKAMLAR YAZIMNIZ)

istanbul iginden GELEM
YUKUNUZUN geldii

Istanbul iginden GELEN YUK

ILCE, MAHALLE ve ARAC
SAYILARINI, gegtigimiz
haftayr duginerek

iLGE

MAHALLE

YUK

SAYISI

cevaplandimmiz

13.

(GUMLUK ORTALAMA
RAKAMLAR YAZINIZ)

istanbul igine DAGTILAN
YUKUN ganderdiginiz

Istanbul igine DAGITILAN YUK

ILCE, MAHALLE ve ARAG
SAYILARINI, gegtigimiz
haftay disiinersk

ILCE

MAHALLE

cevaplandinmz
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18:00-
LML

14. Giin iginde
YUKLEME
velveva
BOSALTMA
yaptiginiz Tage Yilkleme
Savisin ve S
: S|
Tonajim Tabloda
belirtilen Bogaltma
SAATLERE gire i
Uyle yinic Tlkieme
Tenaj
Bogaltma
Tonaj

15. Firmaya/
Kuruma ait

Yk wheu

tasima

araglarimz
n TUR ve
YAFLARIN

A pore

sayilanm
belirtiniz.

VAR

YOK

[5 1]

[6. 3]

[M5.7]

[15 4]

0-1¥i

2-5il

£-10 Yl

10 il Ustii

TIR

(=]

Kamyon

(=]

Kamyonet

ra

Ortomeobil

(=]

Hod

Servis
{Yolcu)
Araci

(=]

Diger
(Bofirtini=]

ra

=

Diger
{Belirtiniz]

(=]

Diger
{Belirtiniz]

(=]




16. Firmiaya/Ku
ruma Ait
Servis
Araciniz

VArsa_
SERVIS
BiLGILERIN
| wandaki
talbloya
iriniz.

[EGER

FIRMAY AKURL
M& AIT SERVIS
ARACI YOKSA
17. SORUYA
GECINIZ)

* Bervic araoim
kullanan kisi
SayIsinin blim
toplam Fiyaretgi
velveya
personele
bilimii geklinde
olup, FISTE
hesaplanacaktir.

SERViS GUZERGAH Bil Gi1 ER{
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[& . 1] [&. 2] [1&. 3] [1E . 4 [1& . 8] [1€ . &]
Senvis
Tervin . Tl}plam.ﬁra.; Senis Hullanan Servis Araci
Gizerash Servis Arac Fapasitesi Aracinda Calsan Kullarm
zerga Sayisi {aractaki koluk Gecen TN .
Bilgiler L i Musteri Sawsi Oram
sayisi) =ure (Toirn giim)
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17. LHagim
bagh olarak
ARAL,

YOLCU SAYISI
ve

DOLULIE
Zranlanm
belirtiniz.

BUSORU KENTSEL ULAS'M TESISLERINE SORULACAKTIR

(7.1 | [17.2] [17 . 3] [17 . 4] [17. 5] [17 . 8]
Ulagm . Ortalama | Toplam
Kod T P
Tiirii Toplam | Cunlik | ArseSnn | Toplam | Gunlik | villik
5‘ g s ‘ Sa Kapasite® |  Yoleu Yalcu
ayisi ayisi e Sayrst Sayrst
1 Dremiryaiu®
2
Denizyolu ™™
3
Hawayou™™"
4
Karayolu™"
5 Diger
(Belirtinz)
3 Diger
{Belirtinz)

Mot Kuruma ait hat karakteristik bilgiler (arag ve sefer sayis), arag kapasitesi, hat uzunludu, :asinan

yolzu sayrsi) dokdman olarak ekte istenmelidir.

. irvolut Demiryolu isletmeiliji yapan HAYDARPASA, SIRKEC ve HAKLALI TCDD
Demirys islemelerine SORULACAKTIR

*e Denimyolu® Denizyolu isletmedligi yapan iDO, TURYOL, AVRASYA-DENTUR, Deniz

=y Mabliyecilen Esnaf Odasi'na SOR JLACAKTIR.
e Havayolu™ Havayolu isletmeciiyi yapan ATATURK ve SABIHA GOKCEN HAVAALANLARINa
¥o SORULACAKTIR.

ek . Karayolu isletmeciidi yapan ESENLER ve HAREM OTOGARLARI na

Karayolu*™* SORULACAKTIR.

]_ Sefer Sayis1: Bir baglangic noktasindan bir en son vang noktasina gerceklegtinlen yvolouhak. Om.
Istanbul-Adana arasi sefer yapan bir otobiis, Arkara’da dursz da, sefen Istanbul-Adana arasinda

olup, bu 1 sefer sayilacaktr.
- Toplam Kapasite = (15 kigilik amaclar icin) [17.1] * [17.2] * [17.3] + (31 kigilik araglar igin)
[17.1] #[17.2] * [17 3] + (55 kisilik araclar iciz) [17.1] * [17.2] * [17.3]
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18. Ulagsm tesisi
igerisinde
faaliyet
gosteren .
ISLETMELERIN
giinlik SEFER
SAYILARI ve
SIKLIKLARI,
TASINAN
YOLCU SAYISI
nedir?

(EGER ULASIM
TESiSi TE< BIR
ISLETME GiBi
FAALIYET
OSTERIVORSA-
Gmedin TCOD gibi,
SADECE OMA AIT
BILGILERI
KAYDEDINY

BUSORUKEMNTSEL ULASIM TESISLERINE SORULACAKTIR

[18.1] [e.2] [18.3] [18 . 4] [18.5]
Giinlik Ortalama Yolcu Giimbiik
; Arag Saynsi Arag Sefer
Isletrne Aud P
Says1 Galen Giden Sefer Sakdum
Saynsi

[13.8] Istanbul digmdan geken gdnlik yolou sayisic ...
[13.7 istanbul'dan ¢ikan ginlik yolcu sayis: ...

[13.8] istanbul disindan gelen glnliik arag sayise ..o

[13.9] Istanbul'dan gikan gunlik arae Sayist ..o

* Sefer siklign icin, Gmegin her saat basi ya da yarm saatte bir gibi bilziler toplanacakr. Ya da
T:00-10:00 17:00-20:00 aras1 yarm saatte bir, difer zamanlarda saate bir ve gece 24:00 ile sabah

6:00) aras1 servisimiz yoktur gibi daha detayh bilgiler de elde edilebalir.
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19. Firmamn/Kuramun
bulundufu semtte sagda
belirtilen toplu tasma [19.1] Me.4
araglanndan hangileri
hizmet vermektedir? Kod Ulag i T Evet Haywr
1 . e 1 o
IETT Chobdsd =
2 Ozal Halk Otobisi 1 2
3 : 1 o
Meta/LRT =
4 o
Tramvay” 1 <
5 1 5
WaEpLr =
6 ) . 1 2
Deniz Ctobdsd =
T L 1 o
Minibiis =
B o
Drclrmusg” 1 =
E] Diger (Belirttiniz) . .
10 Diger (Belirtiniz) : .
20. semtinizde hizmet veren
TOPLU TASIMA 0.1 [Z0.2] 3
HATLARIMNDA su belirtilen (2 ] (-3
sorunlardan hangileri Kod WMagsim Tiini Ewvet Hayr Fikrim Yok
yaganmaktadir? i Sobhsienn sefer
saatlerine 1 2 3
Ly TnaEmasi
2 Sefer saylarimm
. 1 2 3
yetersiz olmasi
3 Hat sayrs mim
v 1 2 3
yetersiz olmasi
4 Wolouluk
dcretlerinin pahali 1 2 3
clmasi
a3 ARDI dolurm
gig=lerinin 1 2 3
yetersiz olmasi
B Araglann
1 2 3
kalabalk olmasi
T Araglann kirli
1 2 3
clmasi
B Diger 1 2 3

" Metro: Taksim-4. Levent arasinds. LRT: Aksaray-Havaalam arasinda.

* Kabatag-Zeytimbumu arasmda. )

" Dolmuglar san renkli FORD TRANSIT araclar olup, sadece belli hatlarda caliymakiadirlar.
MINIBUSler ile kanstimlmamalidir.



82

21. Bir yolcu olarak
Istanbul’daki
ulasim
araglanndan Genel
MEMNUNMNETINIZI
nasil ifade
edersiniz?

(KLLLAMICI OLMAMA
DURUMUNU DIKKATE
ALIMNIZ)

KARA ULASIMI DENIZ ULASIMI RAY_ ULASIM
Ozel oto Vapur Metro (Taksim-4. Levent)
Taksi :E'I'ib{.lt (Arabal Iranjwa}' (Kabatag-

Vapur) Zeytinburmu)

Dolmuz Deniz olobisii Tiinel {Kakabdy-Taksim)
Minibds Deniz motoru Banliyd (Halkal-Gebze)
ETT otobiisi EL;E';_E‘E':‘:[TE“E'”'
Ozel halk otobisi
Motosiklet
Sisiklet Yollan
Servis araci
faya Yollan
Matroblz

Kodlama

1] Fullamnmiyorum

Hig: memnun degilim

Memnun dagilim

Hararsizim

4 Memnunum

5 | Cok memnunum




22, Ulasim
Yatmmlanndan
Memnuniyetinizi
sdyler misiniz?

ULASIM YATIRIMLARI

Gelecede liiskin
Cagtnceler (B)

Memnuniyst
Durarmu [&)

Yol ve Kavgak Projeler

Karayclu Tonel Projeled (Yeditepe Yedi Tanel
projesi)

Karayolu Bofaz Tunel Gegisi (Goztepe-
Sarayburmu arasi)

Marmaray Projesi (Ray) Sistem Bojaz Tinel
Gegisi)

Metrobls “nojesi

Rayl Sistern Yatinmlan

Denz Ulagmmi Y atmmiar

Kentsel Ulagirn Torler Aras) Aktamma
Merkezler

A Memnumniyet Durumu

0 Fikrim yok

1 Hig memnur degilim
2 | Memnun degilim

3 Hararsizim

4 hlemnunum

5

Cok memnuium

B. Gelecege lliskin Dhsinceler

Fikrim yok

Bugiin ki devam etmeli

Diahz fazla yapilmal

[ g gy ey ]

‘fatirmlar bagka alanlara
kayd rilmali
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3. Gelecokie istanb ul da ulasmn tinlainde var olmas un s tediginiz ézeliklei dnem swas ma gie swalaymn

BN

[2 wONFORLL CLM AR

BRI R

B ERGHCTE O &S

[5. TRANSFER KOLEMLIGI

B [ |

24, KONTROL HILGILER|

Bzl keorriral elrred igin sizi arapab lirler. Sakcas yokes Tdeion numaranz slaoiirmy 2y

TELEFOh MM ARAS] Wam |:|

TELEF 0N hMUMAR &1 w0k [ |

|h||.|b.l oA WE RMEK |STEH|‘r’DED

TELEFO M HLIMARMS

CI 0] L) L

CEVAPLAYICIVA TESEHKKUE EIMNIZ VE GORLUSMEY] EITIRINIZ.

1ok zayd

2Zayf | 3.0Orta 4 tyi

5.k iyl |ANKETOR GOZLEMLERL

Size pone vandann auerilivik
pereces redir?

| O] I

=

HEBPRGA GECINIZ, BITIS =RATINI

[]

CFOLFIRUNLUE,

ANKET FORMU BITTI!!!
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APPENDIX B: TRAFFIC OBSERVATION FORM (TOF)

In this section, the traffic observation form is presented which was used to

calculate the vehicle trip ends and rates. It is obtained from BIMTAS.



TRAFIK URETIM TESPIT FORMU
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| Bina/Diskap No:

llge Bina lg KapiNo
Bucak(Belde) Alt Bélge
{Odak vs Noj
Mahalle
Cadde Omek Birim
Gérusmenin yapildigi tarih: / /
Arag giris ¢ikis bilgilerine ait tarih: / /

Arag giris ¢ikig bilgilerine ait Gin:

L[] L] L] (5 [e] 2]

Pzt Sal

Garg. Pers. Cuma Cmt

Paz,

Asagidaki Tablodaki Arag Tiirlerini Firmaniza Giris Saatlere Gore

Doldurunuz.

ARAC TURU

06:01-10:00

10:01-12:00

12:01-16:00

16:01-18:00

18:01-08:00

Ozel Oto - Ticari Taksi Sayisi

Aractaki Kisi Sayisi

Tir

Aractaki Kisi Sayisi

Kamyon

Aractaki Kisi Sayisi

Kamyonet

Aractaki Kigi Sayisi

Otobls

Aractaki Kisi Sayisi

Minibls / MidibOs

Aractaki Kisi Sayisi

Motosiklet

Aractaki Kisi Sayisi

Diger (Ambulans /itfaiye /

Polis Araci vs)

Aractaki Kisi Sayisi

Hayvan glci ile kullanilan
araglar (At arabasi vs)

Aractaki Kisi Sayisi

Yaya/Bisiklet




Asagidaki Tablodaki Arag Tiirlerini Firmanizdan Cikis Saatlerine
Gore Doldurunuz.

ARAC TURU

06:01-10:00

10:01-12:00

12:01-16:00

16:01-18:00

18:01-06:00

Ozel Oto - Ticari Taksi Sayisi

Aractaki Kisi Sayisi

Tir

Aractaki Kisi Sayisi

Kamyon

Aractaki Kisi Sayisi

Kamyonet

Aragtaki Kisi Sayisi

Otobus

Aragtaki Kisi Sayisi

Minibis / Midibus

Aractaki Kisi Sayisi

Motosiklet

Aragtaki Kisi Sayisi

Diger (Ambulans /itfaiye /
Polis Araci vs)

Aragtaki Kigi Sayis!

Hayvan glcl ile kullanilan
araglar (At arabasl vs)

Aractaki Kisi Sayisi

Yaya/Bisiklet

86



87

Toplam Sayfa:

SAYIN YAPAN KODU:
-

Bo= =@ - % —

= x

ur

G
i
R
i

§

Sayfa No:

Saywm Yapan Ads - Soyad:

TARIH.__{__sz008

SAYIM YAPILAN KAP| ADUNO:

KENTSEL ALAN KoDU: [ |

Trafik Arag Sayim Formu

CIT T T |ooaxTiRD

TOPLAM
AP SAYISI:

Ekip Bagham
Heodu:

LS iy
D DD - -

Tahmini Kigi

W?M 14 mmm kApaneE. :.?-dihwﬂwmrdw,mm CoEds-phuran yoiou

)ﬂ:lhq)-hd: B, Crobls Slufsn yoicy KBpasies: 45 Mudbos couran yolou kipasiesi: 31; Mindds oturan yolcu

W o= = m

11
12

13
14
15
16

17
18
19

21

25
26
27
28

29
30

31
32

33
>4
35

Waya; Czel oln; Thoan Ui | Mo Slobos-0luren yolcu kapastesi teplam yoku

kapasited B2 Ml COSBN POy KRpASLEs) M-n:pwnmm El Dameum

- Mt Pafir Jactbudans Saad nekE ARG Earmunlan e vl

[, S bt oot et + b e
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