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Abstract
This article aims to designate a methodological baseline for gaugeing stimulated travel demand in
urban areas in the case of İstanbul in addition to the intention of detecting the primary factors affecting
motorized trips in urban spaces so as to re-formulate current travel demand management policies. In this
sense, this article exhibits an investigation on gaugeing stimulated travel demand in the case of İstanbul
by interrogating the inter-relationship between two variables called amount of trips and travel time. Such
an empirical investigation is expected to construct a baseline for determining the optimum transportation
project with regard to the concern of minimizing the amount of travel time spent by communities. At
this juncture, an amount of applied econometric models for measuring stimulated travel demand were
exhibited in detail. According to the results of path analysis as an advanced version of simultaneous
equations system, approximately 27% decrease in travel time causes 71% additional increase in amount of
trips in a day. That is to say, a ten minutes decrese in travel time will trigger 108,869 more motorized trips
per day in İstanbul. This result once more reveals that unending supply of transportation infrastructure
in urban areas causes a kind of vicious circle in the long run, which necessitates further travel demand
management strategies in all over the world.
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1. Introduction
This article aims to open a door for gaugeing stimulated travel demand in a new way by investigating the

mathemetical relationship between daily amount of trips and travel time per individual. From this point forth, the
marginal effect of time allocated for daily trips on amount of trips per individual has been calculated with the help
of a new methodological way called path analysis as an advanced version of simultaneous equations system, which
is an extended version of classical simultaneous equations model, was designated. In this way, the estimations
derived from this model can be benefitted in the selection the optimum large scale transportation project among of
a bundle of alternatives in an urban scale. Also, it was taken into consideration that the time allocated for trips is a
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kind of friction parameter referring to a proxy measure of travel cost.

There are three main aims of this paper. Firstly, it is aimed to constitute a methodological baseline for gaugeing
stimulated travel demand in urban areas in the case of İstanbul. Secondly, it is aimed to constitute a baseline for
detection of primary parameters affecting motorized flow in urban spaces so as to re-formulate current travel
demand management policies. Thirdly, the findings of this article can make classical travel demand forecasting
models more dynamic and realistic.

In the light of this motivation, this article has been structured by five sections. In pursuit of introduction part,
the basic theoretical background of gaugeing stimulated travel demand was reviewed. Then the data, materials
and method were discussed in detail. The fourth section exhibited the preliminary results of the designated model,
while the last section concludes all these efforts with some recommendations for future studies.

2. Theoretical Background

It is asserted that generated traffic decreases the benefits of new transportation investments, which also re-
increases the cost of travel in the long run within the considerations of stimulated travel demand [1]. Herein, the
cost can be represented by the travel time as a proxy variable in urban systems. Therefore, measuring stimulated
travel demand in urban spaces seems a vital requirement so as to perceive the long run effects of any new large
scale transportation investments in urban areas.

In this sense, within the considerations of gaugeing stimulated travel demand in literature, the variables in-
cluded in the analyses were generally vehicle miles travelled as the dependent variable with the explanatory ones
called travel time, travel speed, additional lane miles, time lagged geographical variables with follows to the
socioconomical parameters [2, 3]. Besides, the model structures in their analyses are called matched pair analysis,
growth comparison analysis [2, 4], two/three stages least squares regression models, auto-regressive models, and
travel demand models [3, 5]. Also, it is seen that in most of these models, the dependent variable, which is generally
vehicle miles travelled, is modelled in the log-linear functional forms [3, 5].

On the other hand, there are some inefficiencies in these approaches. The first is about the study areas in that
some of these studies focused on the corridor based analyses with grasping the marginal elasicity of vehicle miles
travelled [2, 4], which refers to a kind of short run partial urban equilibrium disregarding the dynamics of whole
urban areas. That is to say, urban area itself ought to be defined as the case area as a whole so as to grasp the long
run urban equilibriums in such these considerations [3, 5]. The second is about the aggregation of the data structures
in that some researches aggregated the travel survey data by summing all observations on the urban communities
scale [2, 6], which makes estimations errors increase dramatically [5, 6]. The third is about disregarding the potential
erogeneity of explanatory variables such as lane miles additions, travel time, etc. in their models [2, 5? –15], which
is ought to be taken into consideration in such these related analyses [16–18].

From this point forth, in the studies gaugeing stimulated travel demand can be categorized into three approaches
[2, 3]. First is about the data structure in that whether the data is collected in an aggregated scale or in a behavioral
units scale. In other words, whether the travel survey structure is designated by urban communities scale or indi-
viduals/household scale matters. Second is about whether the study area is defined as a whole urban area or just as
a corridor/ highway based line in related analyses. Third is about the model structures in related analyses in that
whether the erogeneity of any explanatory variable affecting stimulated travel demand is taken into consideration
or not [2, 3].

In the light of these views, our paper investigates the marginal interaction between amount of trips (instead of
vehicle miles travelled) and travel time, since amount of trips is much more direct measure of stimulated demand
rather than the vehicle miles travelled in urban spaces with taking the followings into consideration:

i. Taking the endogeneity of travel time into account [16–18].

ii. Instead of the aggregated data structures, the travel surveys are needed to be produced by the behavioral
units scale with regard to individuals [5, 6] instead of aggregation towards urban communities.

iii. Study area ought to be defined as the whole urban area [3, 5] instead of the corridor based ones [2, 4].
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3. Data, Materials and Method
According to the research design of this article, the term traveller should firstly be defined. In this study, traveller

is defined as the one, who is above 16 years old. Secondly, the term trip is defined as the motorized mobility,
which does not return to its origin within 15 minutes. From this viewpoints, the sample was selected by the
procedure of stratified simple random sampling in İstanbul metropolitan region and the survey was coordinated by
Transportation Department of the Metropolitan Municipality. The sample referred to 90,000 households with the
sampling ratio 3 % and two-stages random cluster sampling procedure was implemented. In the first stage, 4,000
primary household units were randomly selected, while 30 household units per 90 were systematically selected in
the second stage. Thus, 450 traffic zones were constructed as the spatial analyzing units with refers to 356,000 trips
with the records of origins and destinations.

From this point forth, the variables in the analyses were defined as in the followings:

• number_trip: amount of trips exhibited per individual per day.

• travel_time: amount of minutes spent on travel per day.

• travel_distance: length of km travelled per day.

• sex: dummy variable; 1: male, 0: female.

• household_head: dummy variable; 1: household head, 0: others in the family.

• household_income: monthly household income in Turkish Lira per month.

• vehicle_number: number of automobiles owned.

• household_size: number of individuals in the family.

• age: age of the person.

• home_base_work: dummy variable; 1: if the recorded trip is from home to work, 0: otherwise.

• home_base_school: dummy variable; 1: if the recorded trip is from home to school, 0: otherwise.

• education_year: amount of years spent in education by the individual.

• free_flow_time: the hypothetical travel time in minutes experienced in the free flow speed as the only vehicle
in the highway system.

• motorized_flow: dummy variable; 1: if at least one motorized trip is exhibited by the individual, 0: otherwise.

In the light of these variables, to begin with, number of trips behaves as a discrete count variable and it involves
excess amount of zero observations in that almost 63 % of them is zero (see Figure 1). Secondly, unlike amount of
trips, travel time is a kind of gaussian distributed variable.

Figure 1. Daily trip frequencies produced by STATA 15.
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Thirdly, amount of minutes spent in travel is a kind of endogenous variable in explaining amount of trips, which
necessitates simultaneous system. But, classical simultaneous equations system assumes that both dependent and
the endogenous explanatory variable(s) are gaussian distributed continuous variables, which is not the case in this
study since amount of trips is a count variable.

In the light of these views, non linear regression models come into agenda in modelling the count variable called
amount of daily trips. These models are poisson regression and negative binomial regression [19, 20].

In the structure of poisson regression, the dependent variable for ith observation called yi is assumed to be
poisson distributed with mean λi, then Equation 3.1 is:

f(Yi = yi) =
e−λi × λyii

yi!
; yi = 0, 1, 2, . . . (3.1)

f : probability distrubution function

Then, the mathematical equation between λi and xi is as in Equation 3.2:

ln(λi) = β
′
× xi (3.2)

In addition, poisson regression structure necessitates the condition that conditional mean of the dependent
variable (given the explanatory variables xi’s) is equal to conditional variance of this variable as represented in
equation 3.3:

E[yi|xi] = V ar(yi|xi) = λi = eβ
′
×xi (3.3)

Then, the marginal elasticity of amount of trips (yi) with regard to the marginal change in travel time is explained
by Equation 3.4:

∂E[yi|xi]
∂xi

= V ar(yi|xi) = λi × β = λi × eβ
′
×xi (3.4)

So, the maximum likelihood function in poisson regression system becomes as revealed in Eequation 3.5:

ln(L) =

n∑
i=1

(
−λi + yi × β

′
× xi − ln(yi!)

)
(3.5)

On the other hand, the assumption of poisson regression system, which asserts that conditional mean of the
dependent variable is equal to conditional variance of this variable, is not usually realistic in most cases. In this
sense, it is indicated that the condition of overdispersion is observed in most cases, which makes negative binomial
regression system more attractive [21]. This system can be revealed as in the following Equation 3.6 with the help of
θ as a scale variable:

f(yi|xi) =
r(θ + yi)

r(θ)× r(yi + 1)
× ryi × (1− ri)θ (3.6)

where ri = λi

λi+θi
. So the related mean still stays as λi as in the poisson system, while the variance takes its new

form as λi × (1 + 1
θ )× λi due to the case of overdispersion. Then, the related marginal elasticity can still be derived

as revealed in Equation 3.4 [19].

In addition, the most commonly used test in the selection between the poisson and negative binomial regression
systems is likelihood ratio (LR) test [19, 22], which is represented as in Equation 3.7:
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LR = 2× [ln(LNBM )− ln(LPM )] (3.7)

Herein, if the calculated value of LR is larger than the critical value in the asserted confidence interval, then this
signs that there is the case of overdispersion that favours negative binomial system.

As it is explained in the following section of the article, although the negative binomial system is preferred as
the single equation model in modelling number of trips, it can not deal with the excess zero observations in this
variable. This situation makes zero truncated models come into account, since it can cope with excessive amount of
zero counts in the dependent variable. [20].The mathematical function behind this model structure is as revealed in
Equation 3.8:

F (y|θ, y ≥ 1) =
f(y|θ)

1− F (0|θ)
, y = 1, 2, · · · (3.8)

Here f(y|θ), probability distribution function, F (y|θ) = Prob[Y ≤ y], cumulative probability distribution
function of y, and θ is a vector of parameters.

On the other hand, all these asserted regression systems refer to single equations system, which disregards the
erogeneity of an independent variable in the system [19, 20, 22–24], which is minutes spent in daily travel in our
case. Therefore, simultaneous equations system, which can cope with the problem of such this erogeneity, comes
into considerations. Unlike single equation models, endogenous explanatory variable can be taken as the other
dependent variable that is also affected by the priority defined dependent variable in such this equations system.
This can be succeeded by asserting convenient instrumental variable(s) in the system [19, 20]. On the other hand,
the failure of this system in our case is due to the assumption of classical simultaneous equations system asserting
that both dependent and endogenous variables are continuous ones, since trip counts is not Gaussian distributed.
Therefore, an extended version of classical simultaneous equations system, which is called path analysis as an
advanced version of simultaneous equations system, comes into considerations for our case.

In the designation of this model structure, firstly, trip counts per person is estimated by negative binomial
regression system. Then, these estimated values (e_number_trip) are used as further explanatory observations in
modelling the endogenous variable called minutes spent in travel (see Figure 2).

Figure 2. Designation of path analysis by STATA-15 SEM Builder.

Furthermore, in pursuit of finalization of the structure of the path analysis, the mathematical mechanism for
grasping marginal elasticities between related variables involving especially the marginal effect of minutes spent in
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travel on number of trips come into considerations.

In this sense, to begin with, the marginal elasticity calculation with regard to the non-linear models can basically
be represented by Equation 3.9:

ME =
∂E[Y |X]

∂Xj
. (3.9)

Here, ME represents marginal elasticity and E(.) stands as the expected value function. From this point forth,
this equation gets its new form as in Equation 3.10 by indicating a function g(.) that represents the function of
non-linear mean values:

E[Y |X] = g(X ′ × β),
∂E[Y |X]

∂Xj
= g′(X ′ × β)× βj . (3.10)

Then, the model structures involving multi explanatory variables requires the calculation of relative effects of
changes in regressors, which can be represented by Equation 3.11:

∂E[Y |X]/∂Xj

∂E[Y |X]/∂Xk
=
βj
βk
× g′(X ′ × β)

g′(X ′ × β)
=
βj
βk
. (3.11)

On the other hand, within the concept of finite difference method, Equation 3.11 is modified by Equation 3.12:

∆E[Y |X]

∆Xj
= g(X + ej , β)− g(X,β). (3.12)

Here, ej represents the jth element of the vector, in which the other elements are zero. Lastly, in the exponential
distribution functions the equation above is transferred to Equation 3.13 below [20]:

E[Y |X] = eX
′
×β ,

∂E[Y |X]

∂Xj
= E[Y |X]× βj . (3.13)

In the light of these mathematical derivations, the marginal elasticity estimation between number_trip and
travel_time per each traveller i in our case can be represented by Equation 3.14:

1

N
×

N∑
i=1

∂E[number_tripi|Xi, travel_timei]
∂(travel_timei)

(3.14)

Also, the marginal elasticity of each explanatory variable Xi on the number of trips per each individual i can be
indicated by Equation 3.15:

∂E[number_tripi|Xi, travel_timei]
∂(Xi)

(3.15)

To sum, the path analysis as an advanced and extended version of classical simultaneous equations system is
the most convenient model concept in our case since it can cope with non-linearity of daily trip counts, excess zero
amounts in trip counts, and erogeneity of travel time (see Table 1).
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Table 1. Results of Poisson and Negative Binomial Regression Systems.
Poisson Regression Coefficient Standard Error z Negative Binomial Coefficient Standard Error z

sex 0.0817799 0.0083001 9.85 sex 0.029871 0.0071096 4.2
household_head 0.1405562 0.009524 14.76 household_head 0.1075885 0.0076744 14.02

household_income 6.79e-06 1.58e-06 4.3 household_income 7.80e-06 1.93e-06 4.05
vehicle_number 0.1617351 0.0053751 30.09 vehicle_number 0.1146227 0.0049238 23.28
household_size -0.0137819 0.0020895 -6.6 household_size -0.0138107 0.0017256 -8

age -0.0020655 0.0003179 -6.5 age 0.0020207 0.0002602 -7.77
education_year 0.0311067 0.001005 30.95 education_year 0.0240298 0.0007979 30.12

travel_time 0.0054185 0.0000725 73.77 travel_time 0.0085438 0.0000896 95.37
home_base_work 0.9484354 0.0098287 96.5 home_base_work 0.7390091 0.0087332 84.62
home_base_school 0.8404261 0.0147617 56.93 home_base_school 0.6927652 0.0117506 58.96
free_flow_time 0.1482236 0.0206504 7.18 free_flow_time 1.516752 0.0416975 36.38

_constant -1473.417 0.0201662 -73.06 _constant -1.712916 0.0163486 -104.77
/lnalpha -1.368784 0.0397883

alpha 0.2544163 0.0101228
LPRM = 182318.45 LNBRM = 173215.72

4. Results
To begin with, as seen from the results of poisson and negative binomial regression systems (see Table 1), there

exists the case of overdispersion, which makes negative binomial system more preferable (remember Equation 3.7).
That is why in the path analysis design, the equation for number of trips is exhibited by negative binomial system.

LRTest(Equation3.7)Result :
2 × [ln(173215.72) − ln(182318.45)] = 0.1024343 and this value is larger than the critiqual chi square value for 2
degrees of freedom in 95 % confidence level (0.1024 > 0.10).

In addition, according to the results of path analysis (see Table 2), it is seen that all coefficient of related variables
are statistically significant in at least 99 % confidence level.

For the considerations of signs of the coefficients, the sign of the estimated coefficient of household size is nega-
tive in the model of motorized_flow that reveals the probability to produce at least one motorized flow decreases as
the household size increases (see Table 2). This will be the effect of budget constraints in the Turkish families. Also,
the sign of the age is positive in the same model of motorized flow, which shows that the probability of exhibiting
motorized flow in a day explicitly increases as age increases. On the other hand, the sign of age is negative in the
model of number_trips. This will be the case since the retired ageing population tend to exhibit more recreation
trips as a replacement of the home based work ones in the case of Istanbul.

Furthermore, estimated coefficient of travel time is negative in the model of number_trip, which is already
expected theoretically in that as the travel time decreases, amount of trips increases with regard to the considerations
of stimulated travel demand.

In addition, according to the marginal elasticity estimations in pursuit of results of path analysis, a unit decrease
in the minutes spent on travel causes an additional increase in the amount of trips by 0.000953 (see Table ??). That
is to say, an approximately 27% decrease in travel time stimulates 70.4% additional motorized flow in the case of
Istanbul.

Furthermore, the leading parameters enhancing the level of motorized flow are sex, household head, and
vehicle_number. According to the estimations, per male intends to produce 0.1597 more trips than per female and
the household head is 0.256 more inclined to produce a motorized flow than the other members in the family in
a day. Also, additional vehicle purchased by the family causes an increase of 0.1884 more motorized flow in the
family in Istanbul (see Table ??).

In addition, the marginal effect of household size and age on motorized flow are 0.028 and 0.0017 with negative
signs (see Table ??). This reveals that as one more traveller, who is above 16 years old, is involved in the family, the
amount of motorized flow decreases by 0,028 and if the individuals gets one year older, then the amount of daily
trips decreases by 0.0017.

Besides, income per month of each household seems as the least prominent parameter stimulating daily motor-
ized flow with the marginal elasticity estimations 0.000025, which means that an amount of 10,000 TL increase in
income of the family per month brings about only 0.025 additional trip per day per person in the family. This result
is interesting, since it is unlike for most of the cities of developed countries in that income seems as the leading
parameter affecting daily mobility, which is not the case in Istanbul.
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Table 2. Results of Path Analysis.
Variable Coefficient Standard Error z

motorized_flow
sex 0.0876364 0.0088781 9.98

household_head 0.1824174 0.0098624 18.50
household_income 0.0000381 5.01e-06 7.60
vehicle_number 0.2149051 0.0060338 35.62
household_size -0.0340989 0.0020449 -16.68

age 0.000905 0.0002754 3.29
education_year 0.0537412 0.0010146 52.97
home_base_work 1.448814 0.0078503 184.55
home_base_school 1.230701 0.0139649 88.13

_constant -1.498341 0.0181383 -82.61
number_trip

sex 0.094116 0.0078328 12.02
household_head 0.1502352 0.0086166 17.44
household_income 0.0000143 2.67e-06 5.35
vehicle_number 0.1087255 0.0053448 20.34
household_size -0.0162595 0.0019109 -8.51

age -0.0010601 0.0002899 -3.66
education_year 0.0430605 0.0008928 48.23
home_base_work 1.052222 0.0101024 104.16
home_base_school 1.042079 0.0122483 85.08
free_flow_time 2.269169 0.0490115 46.30

_constant -1.65532 0.0177808 -93.10
travel_time -0.0023983 0.0000523 -45.89

free_flow_time
travel_distance 0.0102411 0.000213 48.07
motorized_flow 0.2824551 0.0030349 93.07

_constant -7.54e-18 1.28e-19 -58.70
travel_time

g_number_trip 7.415484 0.4303755 17.23
_constant 30.81517 0.3910488 17.23

/number_trip
lnalpha -0.8130799 0.030545

var(e_free_flow_time) 0.0407052 0.0113116
var(e_travel_time) 3392.502 41.8371

Logpseudolikelihood = −1314459.5

Lastly, the justification of the model specification called path analysis is summarized in the table below (Table 4).

Table 4. Model Comparions.
Model Competing with the non-linearity of daily amount of trips per head Competing with excess amount of zero observations in the trip counts Taking endogeneity into account
Poisson Regression Model (PRM) Tick X X
Negative Binomial Regression Model (NBRM) Tick X X
Zero Truncated Models Tick X X
Classical Simultaneous Equations Model (SEM) x X Tick
Path Analysis Tick Tick Tick

5. Concluding Remarks

The findings of this article has three multiplicative effects. First is about the way of gaugeing the stimulated
travel demand in a new methodological proposal. In this sense, the variables and the designation of the path
analysis can be extended and generalized in the cases of other cities of different countries in all over the World.
Second multiplicative effect is about the detection of the prominent parameters affecting motorized mobility in an
urban area. Herein, sex, household head and number of vehicles in the family come into prominence stimulating
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daily motorized flow in the case of Istanbul. This can be extended and verified in other cities of Turkey, and
then the common leading parameters will be taken into considerations as the control parameters in the travel
demand management formulations. To illustrate, the cities can be categorized by their scores called per cent of
males, per cent of household head among population, and automobile ownership ratio per household, and then
the provinces with the highest scores can be prioritized in the applications of travel demand management policies.
Same procedure also Works for any province(s) of any country in the World.

The third multiplicative effect of this article is that the marginal elasticity estimation between amount of trips
and travel time can be integrated into the classical travel demand models in that the first stage of motorized trip
production shapes the last stage called network assignment with its related optimum total system travel time, and
then the new finding of travel time re-affects the first stage of trip production. In this sense, the findings of this
article can make classical four stages travel demand forecasting models much more dynamic and realistic.
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