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Abstract

Trip Attraction is fundamental in planning of transportation facilities. It is important to the traffic engineer and urban planner in
considering the impact of new devel opment such as office complex, shopping center and residential development. This paper focuses
its study on the formulation of a trip attraction model using multiple regression technique for the commercial land use in medium
sized towns of Kerala. Questionnaire surveys are conducted for the eight selected commercial nodes from the three medium sized
towns Tirur, Perinthalmanna, and Ponnani in Kerala. Socioeconomic surveys are conducted for the selected towns for obtaining the
origin-destination data. The correlation and regression analysis are performed based on these surveyed data. The study showed that
the multiple regression moded with the three independent variables namely the number of commercial establishments, percentage of
shopsin the commercial node and percentage of banksin the commercial node with the R? and Adjusted R? value of 0.991 and 0.9844
respectively gives the better estimate of trip attraction. After model formulation, the model accuracy was also tested by examining the
assumptions of multiple regression. The model is found to be accurate during the assumption examination process. This model would
be very useful for estimating the trips attracted to a new or existing commercial center in any medium sized towns in Kerala, and thus
aid to assess the traffic impact of the commercial center on the geometric design of roadways in the surrounding area.

Index Terms. correlation, multicollinearity, multiple regressions, trip attraction
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1. INTRODUCTION

Transportation planning process relies on traveimate
forecasting which is essential for the design ahsportation
facilities and services, and also for planning.estment, and
policy development. In this process, planners dgvel
information about the impacts of implementing aitgive
courses of action involving transportation servicesgch as
new highways, bus route changes, or parking résing.
Detailed data on current travel pattern and trafélumes are
needed for developing travel forecasting/predictiwodels.

Several studies in western countries have already lwone
that can be related to trip generation modeling.

Fillone and Tecson developed models using multiple
regressions which showed that floor area was klagetrip
attraction. Thirty condominiums within Metro Manilaere
randomly selected and they conducted a questionsaivey
to collect the data related to the condominiumskriow the
characteristics of the selected condominiums andnfudeling
purpose. The data gathered include, available easa floor
area, number of commercial establishments, parisiogs,
commercial floor area, occupancy rates, number ladrs,

One of the most common approaches used by Traasiport years in operation, maintenance fee [3].

Engineers to forecast transportation demand isfabestep

process. The four-step process is divided into fihases: trip
generation, trip distribution, modal split, and ffia
assignment. The first step of travel demand fortgogss the
trip generation which includes trip production ardp
attraction. Trip generation aims at predicting tbial number
of trips generated and attracted to each zoneeoétiidy area.
Trip generation serves as an input to modelingspartation
requirements and traffic flows influenced by theelepment.
For trip attraction models the multiple regresstenhnique
was preferred based on the variables used [1]. tEossbased
on regression analysis represent ‘best fits’ thiotige data
points [2].

Waloejo et al determined the characteristics qf &ttraction

at the market land use and its influencing factrd he also
formulated a model of trip attraction and a moddrip delay

analysis at Dinoyo market area. For model formatati
correlation and regression analysis are used. Gilygporting

analyses are ANOVA, parking systems, road capaaitgt

analysis of the level of services [4].

Uddin et al estimated the trip attraction ratessbhbpping
centers at Dhanmondi Area in Dhaka City using tdpe
analysis method instead of multiple regressiontdube small
sample size. They related the trip attraction & $hopping
center as a function of the physical features ef hopping
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center, e.g. total parking spaces, gross floor,asea the
number of shops, employees in the shopping cebler [

Baumeler et al, in their conference paper aim tentify
crucial spatial characteristics of neighbourhoodsd aof
shopping destinations, which has an impact on fetante,
destination and modal split of shopping trips. Th&ye taken
the data for this study from the Swiss nationavetasurvey,
which contains individual information on the soaosomic
status and the travel behaviour of approximatelyOG0D
people. The important independent variables tleégcsed for
their study includes the number of different stofde,
supermarket, consumer market, small and large ssteten of
stores in the neighbourhood [6].

Yu and Lawrence formulated a trip production modet a
trip attraction model. For the formulation of maoglel
households and trips information were retrievedmfrthe
Australian Bureau of Statistics Census 2006, thethPe
Strategic Transport Evaluation Model (presentlyilrated to
2001) and the Perth and Regions Travel Surveys 2@005,
since there were no suitable and available modgduband
survey data source in Albany [7].

Innes et al conducted a study to determine the mfajors
affecting shopper’s destination choice. They inelidthe
factors, store hours of operation, quality of goaffered,
availability of parking, price of goods, accessipilto the
shopping area, selection of goods offered, andeptiain from
environmental influences for the modeling [8].

Trip attraction is important to the traffic engimesnd urban
planner in considering the impact of new developnsech as
office complex, shopping center and residentiakettgyment.

Even though a number of trip generation models are

developed using multiple regression analysis toelbgv the
prediction equations for the trip generated byaasitypes of
land use in different countries, it is not possitdemplement
these models in all places as the models are deselbased
on the local conditions of the study area. Comiméereas in
a city can take up about 5% of a city’s land. Mijoof the

trips are attracted to this commercial area.

This study develop a suitable trip attraction modsing
multiple regression analysis, to forecast the futtrips that

will be attracted to a commercial node of certain

characteristics for a medium sized town in Ker&a, this
model will be beneficial in finding the impact ofnya
development in the commercial nodes on the trafic
thereby, proper planning of transportation fa@hti and
services can be effectively done by the urban menmand
traffic engineers.

2. METHODOLOGY

This study used a combination of analytical andcdesve
methods. As a first step in conducting a trip gatien model
analysis, commercial nodes are selected from thdiume
sized towns in Kerala using the land use data & th
corresponding selected medium sized towns. Thegdleeted
towns are divided into appropriate traffic analygmes in
order to simplify the travel pattern. Origin—Destiion (O-D)
travel data is collected from the socio economiweys that
are conducted for the selected towns so that tii2 ®atrix
can be prepared which shows the trips that areachtil
towards each commercial zone from different tradfines.

A number of relevant independent variables thduérfce the
trip attraction towards the commercial nodes amntified.
And the data related to the identified independenriables
from each commercial node are collected by condgcti
guestionnaire survey.

After data collection, the characteristics of eatthe selected

commercial nodes are analyzed. The correlation and

regression analysis are done using the identifagthlbles and
the best regression model is formulated for préadicthe trips

attracted towards the commercial nodes in mediupedsi
towns in Kerala. Then a check for the validation thé

formulated multiple regression model is done toifyer
whether the formulated model is valid or not.

3. STUDY AREA DEFINITION

The selected medium sized towns for this studyuighelTirur,
Perinthalmanna, and Ponnani from Malappuram disiric
Kerala. The study area is selected in such a wayp astisfy
the criteria that the commercial nodes should kertdrom a
minimum of three medium sized towns in Kerala hgvihe
latest origin destination data. The map showingptbstion of
towns in Malappuram district is shown in fig 1.

KOZHIKODE
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Fig-1: Location of selected medium sized towns
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The commercial nodes are selected from the towns by 4.2 |ndependent Variables

analyzing the concentration of commercial land ard the
category of commercial nodes in the town. A tothlemht
commercial nodes are selected from these towns.d€leils
of the selected commercial nodes are given inghketl.

Table-1: Summary of selected commercial nodes

Name of commercial node Town
City Junction Tirur
Central Junction Tirur
Thazhepalam Junction Tirur

Perinthalmanna
Perinthalmanna
Perinthalmanna

Ponnani

Ponnani

Main Junction

Bypass Junction
Hospital Junction
Chamravattam Junction
Chandapadi

4. DATA COLLECTION
4.1 Dependent Variables

The dependent variables selected for the multiptgreassion
modeling is the number of trips attracted towarde t
commercial nodes from the divided zones of the ctete
towns, y. The selected towns are divided into zaueh that
the trips attracted to the selected commercial sifiten these
zones can be taken into account. In the case @ sgonomic
survey, 10% sample households are randomly seldoeu
each town and survey is conducted to get the holdetnd
travel data.

From the socio-economic survey data, the origirti@son
details of the members of the household on a wgrklay are
collected. Socio economic survey was conducted thar
selected towns by the Town and Country planningceff
Malappuram in the year 2013. The trips attractedthe
selected commercial nodes are given in the chart 1.

203 Trip attraction

135

130 112 108 101

m

Bypass
Junction

Chandapadi

a
9]
£
g

Chart -1: Trips attracted to the selected commercial nodes

Independent variables are identified based on dvéew of
several related papers and also based on thenicfuaf these
variables on the trip attracted. The selected iaddpnt
variables are collected from the eight commerciades by
conducting questionnaire survey using a properlgigted
guestionnaire. The entire commercial node is taken
consideration for the data collection of the indegent
variable.

The selected independent variables are listed below
» Total number of commercial establishments
e Type of building.
« Type of commodity sold.
« Commercial floor area in the commercial nodé, m
¢ Percentage of commercial establishments havingtame,
or more than two number of floors.
« Total number of employees in the commercial node.
« Total number of parking lots in the commercial node
< Average width of the major corridor, m
* Year of operation.

5. STATISTICAL ANALYSISOF DATA

Multiple linear regression and correlation techmigjtinvolve
the seeking of a functional relationship between tw more
related variables. Multiple linear regression aftésrto model
the relationship between two or more explanatomiatées
and a response variable by fitting a linear equatiioobserved
data.
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Table-2: Correlation Result

SL Independent variables Correlation
No. Test values
1 Total number of employees;Jx 0.94777*
2 Total number of commercial establishments incttramercial node ¢ 0.92354**
3 Commercial area, Trfx;) 0.73403*
4 Average width of the major corridor in meteg)(x 0.1495
5 Number of parking lots £x -0.0615
6 Percentage of number of shops in the commeroid¢ i) 0.51418*
7 Percentage of number of offices in the commermale(x) -0.513*
8 Percentage of number of banks in the commeroid () -0.4604
9 Percentage of commercial establishments with ong/floor (%) 0.51176*
10 Percentage of commercial establishments withflwars. (%) -0.3548
11 Percentage of commercial establishments witherti@an two floors () -0.6068*
12 Percentage of commercial establishments withr gEoperation between 0 to 5 yearg)x 0.11372
13 Percentage of commercial establishments witlr gEoperation between 5 to 10 yearg)(x -0.1867
14 Percentage of commercial establishments withr gEoperation between 10 to 20 yearg)(x 0.09046
15 Percentage of commercial establishments with geaperation above 20 years4x -0.0576
16 Percentage of shops where stationary itemsoide)s) -0.3184
17 Percentage of shops where food items are sgid (x 0.71179*
18 Percentage of shops where textile items are(ggjd -0.2777

5.1 Model formulation

For model formulation, the eight selected commérubaes is
taken. Correlation and regression analysis is perd using
Microsoft excel for model formulation.

5.1.1. Correlation analysis

A "correlation coefficient” is a value that indiea whether
there is a linear relationship between two varigbleThe
absolute value of the correlation coefficient wikk in the
range 0 to 1. A value of O indicates that therens
relationship whereas a value of 1 indicates thareths a
perfect correlation and the two variables vary thge The
sign of the correlation coefficient will be negatiif there is an
inverse relationship between the variables.

As a first step of model formulation, for obtainirfe
correlation among the selected variables, corpatinalysis
is performed using Microsoft excel. The Table Ilos/s the
correlation of each independent variable on theeddpnt
variable, along with their notations. Sign (**) igdtes a
strong correlation (r < 0.9), whereas the signitjicates a

moderate correlation (0.5< r <0.9), where r is tberelation
coefficient.

The highest correlated independent variable witheddent
variable that is the number of trips attracted donmercial
node is the number of employees, x1 (0.947) anchtieber
of commercial establishments, x2 (0.92354).

Also, the independent variables such as the pexgenof
shops where food items are sold, x17 (0.71179),

percentage of shops, x6 (0.51418), total commeesied, x3
(0.73403), and the percentage of commercial estabknts
with only one floor, x9 (0.5118) are moderately retated
with the dependent variable. All the above indeped
variables are positively correlated with the depanidrariable,
y. This means that as these independent variaht¥edses,
the trip attracted to the commercial node increases

the

The independent variables such as the percentage of
commercial establishments with more than two florid (-
0.6068) and the percentage of number of officesthie
commercial node, x7 (-0.513) are negatively and enately
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correlated with the trip attraction. Only the abowentioned
eight independent variables which are moderatefysirongly
correlated with the trip attraction are considei@dthe further
analysis.

5.1.2 Multicollinearity

Multicollinearity which is a statistical phenomenda a

problem in multiple regression that develops wher @r

more of the independent variables is highly coteslawith

one or more of the other independent variablesorig

independent variable is a perfect linear combimatid the

other independent variables; that is, if it is esgped on the
other independent variables and the resulting RR0s then

the matrix of inter correlations among the indepsrid
variables is singular and there exists no uniqltisa for the

regression coefficients.

Correlation matrix is wused to detect the possible
multicollinearity. It is assumed that, multicolliwety will be
diagnosed to be present if the absolute valueettirelation
between the independent variables (off-diagonahefds) are
larger than 0.4, otherwise there is no multicobiriy or
collinearity. The correlation matrix of the selatte
independent variables is given in the table 4. Mafsthe
independent variables are correlated in this cas® the
combinations of such independent variables aredadbifor
the regression analysis.

5.1.3 Regression Analysis

After  correlation analysis and considering the
multicollinearity, regression analysis is performedith the
suitable subsets. The model with high R, R2 andustéjd R2
value, minimum standard error of estimate, low sigance F
value and low p value for the coefficients of indegent
variables and y intercept is selected as the bestetmusing
the regression analysis. The best model obtainedhés
multiple linear regression model with the indepetide
variables, total number of commercial establishméntthe
commercial node (x2), percentage of number of shiopgke
commercial node (x6) and percentage of number ak ba
the commercial node. The regression statistics lod t
formulated model is

shown in the table 3. ANOVA test result and regess
coefficients are given in the table 5 and 6 respelgt

The predictive equation from the multiple regressieodel is
y =-130.316+ (0.305 %X+ (2.949 x ¥) + (-15.758 x ¥)
where,
y =10% trips attracted to the commercial node
X, =Total number of commercial establishments in the
commercial node
Xs = Percentage of number of shops in the commeroidé n
Xg = Percentage of number of bank in the commeraddEn

The first term in the prediction equation (-130.B16 a
constant that represents the predicted criteriodnevavhen
both predictors equal zero. The values of 0.30842.and -
15.758 represent regression weights or regressiefficients

of the selected independent variables, total numobgkr
commercial establishments in the commercial node,
percentage of number of shops in the commerciaknadd
percentage of banks in the commercial node resbyti

Table -3: Regression Statistics

Multiple R

R Square
Adjusted R Square
Standard Error

0.995551]
0.99112
0.984463
8.574424
Observations 8

N

Table-4: Multicollinearity — Correlation matrix

x1 X2 x3 X6

X7 X8 X9 x11 x1y

x1 1

x2| 0.95659 1

x3| 0.88395| 0.8482 1

x6| 0.23113] 0.2783{ -0.133 1

X7 | -0.2197| -0.289 0.099} -0.93

1

x8| -0.4443]-0.2404| -0.465 -0.04

0.1494 1

x9] 0.61469| 0.68 | 0.5561] 0.014

0.1389

0.0634 1

x11 -0.4374| -0.494B-0.024

-0.76@0.6245

-0.135( -0.442 1

x17| 0.73123] 0.6603| 0.6342| 0.349

-0.247

-0.241f 0.1908 -0.355( 1
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Table -5: ANOVA results
df SS MS F Sgnificance
F
Regression 3 32829.92 10943.31 148.8465 0.000147
Residual 4/ 294.083 73.52075
Total 7 33124
Table-6: Regression coefficients
Coefficients Sandard t Sat P-value Lower 95% | Upper 95%
Error
Intercept -130.316 38.5983 -3.37622 0.0278B3 -8 .4 -23.1503
Number of 0.305245 0.02119 14.4049 0.000135 0.246411 0.364078
establishments
Shop (%) 2.949226 0.469839 6.277099 0.003288 148047 4.253708
Bank (%) -15.7589 2.8793 -5.47318 0.005423 -23.7581 -7.7647

5.2 Examination of Regression Assumptions

The examination of regression assumptions is vaportant.
Because, when the assumptions of regression asfiesht it
means that all of the information available frore fratterns in
the data is used. When an assumption is violatedsually
means that there is a pattern to the data thaitignoluded in
our model, and we could actually find a model tfitst the
data better.
There are two strategies for testing the conformify a
particular relationship to the assumptions
» Examining the degree to which the variables satisfy
the criteria, .e.g. normality and linearity, befdhe
regression is computed by plotting relationshipd an
computing diagnostic statistics
e Studying plots of residuals and computing diagmosti
statistics after the regression has been computed

For this study the second approach is adopted. détails
related to the examination of regression assumptioa given
below:

5.2.1. Examining Linearity

Let's consider the model for trip attraction thatcludes
number of commercial establishments, percentagehoip

and percentage of banks. Violations of linearity extremely
serious, if we fit a linear model to data which amnlinearly
related, the predictions are likely to be seriousiyerror,
especially when we extrapolate beyond the range of

the sample data.

Nonlinearity is usually most evident in a plot detobserved
versus predicted values or a plot of residualsugeedicted
values or any of the independent variable, whighapart of
standard regression output. The points should be
symmetrically distributed around a diagonal linghie former
plot or a horizontal line in the latter plot.

330
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30 180 280 380
Observed trip

Fig-2: Predicted Trips Corresponding to the ObservedsTrip
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It is clear from the plot of the observed verswesdmted values
given in figure 2, that all the points are withimetdiagonal
line, without any unsymmetry. So, the linearitywasagtion is
satisfied for this model.

5.2.2. Examining independence

This assumption concerns another type of systeneatar in
the residuals that is produced by estimated vahfeshe
dependent variable that are correlated from one tasthe
next, i.e. serially correlated. This is done bytfihg the
residuals versus each of the independent varidbléhe
residuals are randomly distributed, the
assumption is satisfied. Residuals should appeafpendent
of each other. Figure 3, 4 and 5 shows the platesidual
versus number of commercial establishments, pexgenof

indepenelenc

Residuals

15 ~

10 4

-10 -

¢ .

9’ ; ;
200 ¢ 400 600

¢ .

No.of commercial establishments

800

Fig -5: Residuals corresponding to the Independent Vajabl
number of commercial establishments

The residual are very small and we can say thdigse plots,

shop and that with percentage of banks respectively
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Fig-3: Residuals corresponding to the Independent vaxjabl
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Fig -4: Residuals corresponding to the Independent vaiabl

percentage of banks

the residuals look almost random and that themggisificant
correlation with the variable x. So, for this fartated model,
independence assumption is said to be satisfied.

5.2.3. Examining equal variance

This assumption has a variety of names: homogersity
variance, homoscedasticity, uniform variance, etall of
these refer to the pattern of the errors, or redgjuwhen
plotted against the predicted values. If the assiomps met,
the pattern of residuals will have about the saprea on
either side of the horizontal line drawn througle tiverage
residual.

For detecting equal variance, look at plots ofdesls versus
predicted value. If the residuals are evenly spreadin a
random manner along the horizontal line, then they of
equal variance.

The residual plot of the residuals versus the ptedivalues
of the dependent variables of the developed equatie
shown in Figure 6. The residuals are more or lesnlg
spread out in a random manner along the horizdim=l As
the number of observations is less, the variatiars not
clearly seen. But as the residuals are very snaallafl the
observations, approximately, it is clear that, ¢hex only a
small and even variance among the dependent vesiaBhd
we can say that the assumption is satisfied here.

50 100 150 200, 250 300 350

Standard residuals
o
g

*
*

Predicted trips

Fig -6: Residuals corresponding to the Predicted Trips
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5.2.4. Examining normality

The normal probability plot for the standardizedsideals
represents the most straightforward test for ddteng the
validity of the assumption that the error term kasormal
distribution. The plotted points should clustersgly around
the 45-degree. In general, the more closely thextpoare
clustered about the 45-degree line, the strongeretlidence
supporting the normality assumption. Any substdntia
curvature in the plot is evidence that the resisiteve not
come from a normal distribution.

Normal Probability plot

15 W=097444
//
)
05
e
5 1 //os(m 05 1 15 1

MNormal score

-
Standard residuals

Fig-7: Normal Probability Plot of Standard Residuals

Figure 7 shows the normal probability plot of thanslard
residuals. Here the relationship between the thieate
percentiles (normal score) and the sample peresntil
(residuals) is approximately linear (R=0.974) ahd plotted
points are clustered closely around the 45-degrberefore,
the normal probability plot of the standard resldusuggests
that the error terms are indeed normally distridufehus we
conclude that the assumption of the error term rgava
normal distribution is reasonable.

5.2.5. Check for Multicollinearity

Collinearity can be check either by noting the efation
coefficient between the independent variables i riodel.
Here the correlation coefficient between the indeleat
variables is less than |0.4|, which shows the afesesf
collinearity.

So, examining all the regression assumptions foe th
formulated model, it is clear that, all the regi@ss
assumptions which are related to linearity, indejgece,
equal variance, normality and multicollinearity asatisfied
and hence the formulated model is accurate to @rdte
future trips.

CONCLUSIONS

Accurate trip generation results will lead to maecurate
traffic assignment when forecasting travel demdrat. this
study, the latest origin - destination data wa®tafor model
formulation, which ensures the accuracy of the rhodlkeis
study developed a suitable trip attraction modeigisultiple
regression analysis, to forecast future trips etitich to a
commercial node of certain characteristics for aioma sized
town in Kerala.

Similar to the related studies, this study alsonfbuhat the
number of employees is highly correlated to the atitraction
and total commercial area is moderately correldtedrip
attraction. Other factors which found to be comedato the
trip attraction are the number of commercial essaiohents,
percentage of shops where food items are soldeptxge of
office, shops and banks in the commercial node el
percentage of commercial establishments with only fioor
and more than two floors.

This study gives a vast idea about the factorsctffe trip
attraction towards commercial land use, thus piagida
potential aid to the travel model developers. Thizdel will
be beneficial in finding the impact of any develapmin the
commercial nodes on the traffic and thereby, prgpenning
of transportation facilities and services can Heatively done
by the urban planners and traffic engineers.

Since most of the work related to traffic and trzorsation
planning requires an effective framework for thelgsis of
the present and future travel demand pattern, aemod
forecasting the trip attracted based on the aboegationed
characteristics shall be advantageous for a speeiel
demand forecast.

The main limitations in this study are the resaithumber of
commercial nodes and the assumption in regressiatysis.
The accuracy of the regression model can be enshbyed
including more representative commercial nodes from
different medium sized towns in Kerala. Since, ¢hare no
comprehensive studies regarding trip attractionashmercial
centers in Kerala, this study will help the futuesearcher.
Also more factors that affect trip attraction cadtudied for
further research purpose.
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