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Abstract: An Activity-based model is the one that generally 

replaces the conventional trip-based model, which is usually 

represented to as the four-step model. With the variations in the 

transportation system attributes and changes in 

socio-demographics of the individuals, the transportation 

planners and engineers’ need to have the ability to estimate the 

variations in transportation demand so as to make a well-versed 

transportation infrastructure planning decision possible. 

Activity-based models are used for this purpose; these models are 

used to forecast travel characteristics and usage of transport 

services under different socio-economic scenarios. An 

activity-based travel pattern model has been developed for the 

individuals of the study area. This activity-travel pattern model 

will take different input parameters such as various land-use, 

socio-demographic, activity system, and transportation 

level-of-service attributes. Thus it will provide the activity-travel 

pattern of each individual in the study area as the output, within 

the continuous time domain. 

 
Index Terms: Activity-Based Travel Pattern, Four-Step Model, 

Socio-Economic, Travel Demand. 

I. INTRODUCTION 

Transportation plays an important role in the growth and 

economy of a nation. For a country like India, transportation 

planning is becoming unavoidable due to the fast-growing 

population and travel demand.  Transportation planners and 

engineers have to be able to forecast the response of 

transportation demand for the changes in the attributes of the 

transportation system and changes in the socio-demographics 

of the people using the transportation system in order to make 

informed transportation infrastructure planning decisions. 

Travel-demand models are used for this purpose. It is used to 

predict the travel characteristics and the use of transport 

services under various socioeconomic scenarios and for 

various transport service and land-use configurations. 

The mathematical relationship between travel demand and 

traveler and system characteristics can be achieved with the 

help of travel demand modeling. Earlier travel demand 

modeling is done with the help of trip based four-step 

modeling – as the trip generation, trip distribution, mode 

choice and route choice. This four-step modeling is said to be 

conventional modeling. Later on, new generation models 

such as tour based and activity based models emerged 

overcoming most of the drawbacks of the conventional 

method. The tour based approach considers a chain of trips 
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starting and ending at the same location as the individual unit 

of analysis whereas activity-based travel demand model 

considers travel as a derived demand to satisfy the need of the 

individual [1]. The objective of this paper is to develop an 

activity-based travel demand model for Chelakottukara, the 

22nd ward of the Thrissur City of Kerala, taking into 

consideration of the socio-economic factors and travel 

pattern, validating the generated model and suggesting how it 

can be made beneficial in the planning process. It includes a 

tour generation model for both single and complex activities. 

II. LITERATURE REVIEW 

A. Trip-Based Models 

Trip-based travel models have evolved over many decades. 

As their name suggests, trip-based models use the individual 

person trip as the fundamental unit of analysis. Trip-based 

models are widely used in practice to support regional, 

sub-regional, and project-level transportation analysis and 

decision making. Trip-based models are often referred to as 

“4-step” models because they commonly include four 

primary components. The first trip generation components 

estimate the numbers of trips produced by and attracted to 

each zone (these zones collectively represent the geography 

of the modelled area). The second trip distribution step 

connects where trips are produced and where they are 

attracted to. The third mode choice step determines the travel 

mode, such as automobile or transit, used for each trip, while 

the fourth assignment step predicts the specific network 

facilities or routes used for each trip[8]. 

B. Activity-Based Models 

Activity-based models are having some similarities to 

traditional 4-step models: activities are generated, 

destinations for the activities are identified, travel modes are 

determined, and the specific network facilities or routes used 

for each trip are predicted. However, activity-based models 

incorporate some remarkable advances over 4-step trip-based 

models, such as the clear representation of realistic 

constraints of time and space and the linkages among 

activities and travel, for an individual person as well as across 

multiple persons in a household. These linkages enable them 

to more sensibly represent the effect of travel conditions on 

activity and travel choices.  
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Activity-based models also have the ability to integrate the 

influence of very detailed person-level and household-level 

attributes and the ability to create detailed information across 

a broader set of performance metrics. These abilities are 

possible because activity-based models work at disaggregate 

person-level rather than a more aggregate zone-level like 

most trip-based models [8], [6]. 

C. Econometric Modeling Approach 

It involves systems of equations to capture relationships 

among macroscopic indicators of activity and travel, and to 

predict the probability of decision outcomes. These models 

explore how activity and travel patterns are related to land 

use and socio-demographic characteristics of the traveler. 

The main criticism of the econometric approach is that it does 

not explicitly model the behavioral mechanisms underlying 

activity engagement and travel. This limits the richness of the 

behavior theories that can be incorporated into the model 

system. Nevertheless, the family of econometric models - 

ranging from discrete choice models, hazard duration models 

and limited-dependent variable models - remains strong 

approach to activity-travel analysis. Its strength lies in 

allowing the examination of alternative hypotheses about the 

unconcerned relationships among behavioral indicator [9], 

[3]. 

III. STUDY AREA 

The study area selected is Chelakottukara, the 22nd ward 

of Thrissur Corporation which is shown in figure 1. The study 

area consists of total population of 5627 individuals as of 

2011 census, 1599 dwelling units and 580 other building 

comprising a total of 2179 units. 

 

 
Fig. 1. Thrissur corporation map. 

IV. METHODOLOGY 

The study area selected was Chelakottukara, 22nd ward of 

Thrissur Corporation. The primary data, i.e. socio-economic 

and travel characteristics were collected using household 

questionnaire survey. The secondary data, i.e. population 

data were obtained from Thrissur Corporation. After 

compiling, sorting and coding, the activity-travel pattern 

model was developed using SPSS software. 

A. Data Collection 

Data need to be collected can be divided into two - primary 

data and secondary data. Primary data is the data obtained 

from the household questionnaire survey. For this survey, an 

activity travel diary is mandatory, which can incorporate 

personal information and travel information of whole 

members of the selected household. On the other hand, 

secondary data includes population data. The sample size of 

the study area is estimated with the help of current population 

and building details of the study area [4]. The guideline 

suggested by Bruton [2] is adopted and a sample size of 160 

households is selected in a random manner. 

B. Preliminary Analysis 

The data collected from the household questionnaire 

survey is sorted and coded as a different group of similar 

characteristics. These coded data is later used as the variables 

for model generation. Summary of the data collected is given 

in table 1. 

 
TABLE I: SUMMARY OF HOUSEHOLDSURVEY DATA 

Details Item Value (in %) 

Household 

Average Household size 3.55 - 

Average Household income per 

month (in Rs.) 
29228.00 - 

Trip 
Average tour rate per  household 2.09 - 

Average tour rate per person 0.59 - 

Sample 

Workers 198 35.74 

Students 128 23.10 

Homemakers 154 27.80 

Retirees 63 11.37 

Employment Seeking Group 10 1.81 

Total 

Female 288 51.99 

Male 266 48.01 

Individuals 554 - 

 

1) Distribution Based on Occupation 

From the chart plotted (Figure 2) based on occupation 

share of people, it can be identified that in the sample 

collected, 28% of total population are Home Makers. By 

conducting the preliminary study one can also find that the 

female percentage is slightly higher than that of the male. 

That would be the reason for this increase in Home Makers. 

Also, it can be found that by combining the working groups 

(government employee, private employee, self-employed and 

daily wages) together it is noted that about 36% (1+17+16+2) 

in the study area are employed. This indicates that the 

average income obtained from the survey is appropriate. 

 

 
Fig. 2. Distribution of occupation. 
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2) Distribution Based on Age 

A chart has been generated for the distribution on age, 

which is given in figure 3. It can be observed that in the 

sample collected, there is an equal distribution of ages in all 

age category of people. But among them also majority of the 

people are in the age limit of 45 to 60 years. This implies that 

the age cross section of the sample is good. 

 

 
Fig. 3. Distribution of age. 

 

3) Distribution of Household Size 

A graph has been plotted with household size along the 

x-axis and percentage household size along the y-axis, which 

is shown in figure 4. From this graph, it can be identified that 

for a household size of 4, the percentage household size is 

maximum, which is 30.57%. As it is mentioned earlier that 

the average household size of the study area is 3.55, this 

graph is giving the clear picture regarding how the average 

household reached that value. 

 

 
Fig. 4. Distribution of household size. 

 

4) Distribution of Person’s Education Level 

Person's education level is illustrated in figure 5. It can be 

seen that of the sample collected, 72% of people are below 

graduate. That can be the reason behind the increase in self- 

employment and private employment compared to that of the 

government employment. That is also reflecting directly on 

their income too as it has already seen that the average 

income of the study area is Rs. 29288.00 per month. 

 

 
Fig. 5. Distribution of education level. 

5) Distribution of vehicle Ownership 

The chart (Figure 6) is plotted with the ownership of 

vehicles. It can be seen that for about 64% of the sample is 

owning one or two automobiles. This may increase the tours 

that can be generated. 

 

 
Fig. 6. Distribution of vehicle ownership. 

 

6) Distribution of Tour Rate 

In order to find a relationship between household tour rate 

and vehicle ownership, a graph has been plotted with the 

number of automobiles in a household along the x-axis with 

tours per household along the y-axis, as shown in figure 7. It 

can be seen that with the increase in the automobile 

ownership there is an increase in the number of tours 

generated per household. Hence, that it can be said that both 

the automobile ownership and numbers of tours made are 

directly proportional to each other as the automobile 

increases the number of tours also increases. 

 

 
Fig. 7. Distribution of tour rates. 
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7) Activity-Travel Patterns 

The activity-travel patterns that are identified from the 

sample taken are of two types, namely simple activity pattern 

and complex activity pattern. In simple activity pattern, there 

will be only two number of trips. In complex activity pattern 

there will be a minimum of three number of trips. The simple 

activity patterns obtained are, HWH (Home-Work-Home), 

HEH (Home-Education-Home), HSH (Home-Shop-Home) 

and HOH (Home-Others-Home). While the different 

complex activity patterns observed are HWH+ and HOH+ 

[5]. 

8) Distribution of Activities 

It has been already found from figure 2 that 37% of total 

population are workers. Thus there is a chance of having 

more work activities in the study area, and from the figure 8, 

it can be found that 46% of total activities are of working 

activity. 

 

 
Fig. 8. Distribution of activities. 

 

C. Modeling 

The modeling was done using SPSS (Statistical Package 

for Social Science) statistical software package. The utility 

maximization theory described by multinomial logit model is 

used as the modeling approach.Multinomial logistic (MNL) 

regression, which is the simplest model, is used to predict 

categorical placement or the probability of category 

membership on a dependent variable based on 

multipleindependent variables. The variables used for 

modeling the activity-travel patterns are gender, age, 

education, type of employment, monthly income, vehicle 

ownership, mode of travel, distance of travel, cost of travel, 

duration of travel, activity duration and time of day. Before 

going for the model development the first task is to find the 

correlation between different variables. That has been found 

out with the help of SPSS by using Spearman's rank 

correlation technique, which is given in table II. 

 
TABLE II: CORRELATION STUDY OF ACTIVITY PATTERN 

Variables Code Type of Correlation 

Gender G Negative 
Age A Positive 

Education Ed Negative 

Employment Em Positive 
Income I Negative 

License Li Negative 

Vehicle V Negative 
Mode M Positive 

Travel Distance TDi Negative 

Travel Cost TC Negative 
Travel Duration Tdu Negative 

Activity Duration Adu Negative 

Time of Day Ti Positive 

 

The final output is to generate a model and thereby 

estimate the total number of different activities occurring in 

the study area. To reach the desired output it is necessary to 

go through three different steps. The first step is to obtain the 

score of each activity by the help of equations generated. 

After that the next step is to calculate the probability of 

occurrence of each activity by the help of score of each 

activity pattern. Then the last step is to find the total number 

of activity with the help of probability of occurrence of each 

activity and the total population of the study area 

1) Model Formulation 

Multinomial logistic (MNL) regression modelis used to 

predict categorical placement or the probability of category 

membership on a dependent variable based on multiple 

independent variables. As an outcome of multinomial logit 

modeling, the different equations that can be used for 

predicting the utility score of various activity patterns are as 

given below: 
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From these equations, the score of each type of activity 

pattern can be found out by inputting the values 

corresponding to each independent variables. 

The probability of occurrence of each activity pattern can 

be calculated by using the equation (1). 

          
            

                  
   

   (1) 

 

Where Xi is the vector of explanatory variables describing 

observation i to k. 

The total number of activity pattern can be calculated by 

multiplying these probabilities by the total population of the 

study area which is 5627. 

2) Model Characteristics 

The overall test of the relationship between the 

independent variables and dependent variables is given by 

the likelihood ratio test. Here the model with independent 

variables has a significance of 0.000 which is less than the 

level of significance 0.05. Hence, it is concluded that the 

dependent variables are related to independent variables. The 

significance of the model is obtained with the help of 

knowing the Chi-Square value of the model which is 433.94 

and degrees of freedom 186. The tabled Chi-Square value is 

239.428 corresponding to the same degrees of freedom. From 

this two Chi-Square values it can be seen that the tabled value 

is less than the obtained value. This means that the 

coefficients of independent variables have a significant role 

in the equations generated. Also, the significance of each 

independent variables is given in table III. 

 
TABLE III: MODEL STATISTICS 

Variables Chi-Square df Sig. 

Intercept 0.000 0  

Vehicle 2146.848 6 0.000 

Travel Distance 3386.861 6 0.000 

Travel Duration 7364.159 6 0.000 

Gender 6.234 6 0.398 

Age 8935.943 24 0.000 

Education 1838.605 6 0.000 

Income 26159.825 18 0.000 

Mode 6248.857 30 0.000 

 

The values for travel cost, activity duration, employment, 

license and time can’t be estimated by SPSS. 

The model that has developed is having a McFadden’s 

coefficient of determination (R2) value of 0.409. Generally 

R2 values will range from 0 to 1 [7]. 0 indicates that the 

model explains that, there is no variability of the response 

data around its mean. And 1 indicates that the significant 

variability of the response data around its mean.  

The accuracy of the model has been checked by the help of 

substituting one-third of the data which is not used for the 

model creation. As an outcome, the accuracy of the model 

generated is 82%, which can be considered as a good model. 

V. CONCLUSIONS 

An activity tour generation model was developed on six 

different aspects using activity-based approach. The 

multinomial logit model was used as the modeling tool. For 

every activity-based tour generation model, activity tour 

chains were considered as the dependent variable and 

different independent variables (gender, age, educational 

qualification, employment, income, license, vehicle 

ownership, mode used for travel, travel distance, travel cost, 

travel duration, activity duration and time of day) were 

identified significant in the model. The utility functions 

developed from the model is used for generating the 

probability functions which predicts the occurrence of 

activity tour chains. The activity tour chains considered in the 

model were home-based work tours, home-based educational 

tours, home-based shopping tours, home-based other tours, 

home-based complex work tours and home-based complex 

other tours. 

The model was developed to predict the score of each 

activity. Using multinomial logit model, the probability of 

each activity was calculated. The models can serve as a 

platform for predicting the number of tours generated for a 

given socioeconomic group and accordingly transportation 

and land use plans can be formulated in a long-term 

perspective. 

The extension of the study area from a single ward of the 

Thrissur city to entire Thrissur city can be considered as the 

future scope of this work. By implementing it in such a 

manner a decent and good model can be made that can make 

so many advantages to the Thrissur Corporation to analyze 

what will be the possible outcome by making any significant 

changes in that area. Also, a micro-simulation model creation 

can also enhance the importance of the extension of this 

work. 
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