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	Abstract
This paper describes the research works to develop a comprehensive trip generation model for Dhaka city-the capital of a developing country, Bangladesh. Although attempts had been made in the past to develop travel forecasting models for Dhaka, none had the ability to incorporate comprehensively the numerous complex variables that influence trip making pattern in Dhaka city with a current level of population of around 10 million which is increasing fast. Trip generation model is developed in this research on the basis of information from Household Interview Survey (HIS) conducted in 2004. Three-way cross-classification schemes differing in cross-classification variables are tested and the schemes with the best results are used to calculate the trip rates through cross-classification analysis technique. Multiple classification analysis (MCA) technique has been used to calibrate the trip rates. Two sets of random samples are selected for calibrating the model from the data available from HIS. The model is validated using the full data set of the observed trip rates. 



1. Introduction

The growing demand for travel in urban areas of developing countries has become a major concern to transportation planners, engineers and policy makers. However travel demand analysis is a neglected component in the planning process of cities and towns in the developing world. Representative and systematic assessment of travel demand portraying behaviour of the trip makers is conspicuously absent in this part of the world.       

In contrast, for decades models for travel demand analysis have been utilized seriously in transportation planning in industrialized countries. Trip generation model is a principal component of this travel demand analysis. In the 1950s and 1960s most of the demand analyses developed trip-generation equations, particularly person trip-production models using multiple linear regression method (FHWA, 1967; FHWA, 1975). At first, most of the studies developed trip production models estimating zonal trips as a function of such zonal socio-economic variables as land use, characteristics of households as well as those of residents such as employment, profession, car ownership, median family income etc. However, in the 1970s and 1980s the need for more disaggregation of base information was severely felt and trip generation models were developed in which such variables as income, vehicle ownership, and household size were used as independent variables at the household levels instead of zonal aggregations (Takyi, 1990). 

To meet the essential need for more disaggregation in trip rate analysis, an alternative modeling of trip generation, the cross-classification method (also referred to as category analysis) was developed (Takyi, 1990). This type of model uses categorized variables, such as household size, vehicle ownership, personal and median family income, residents per households and so on, as integer values to describe individual household characteristics. The main advantages of the cross-classification model are: it does not require a definite relationship (linear or monotonic) among the variables that affect trip making and the model allows a more comprehensive analysis of trip making by showing the differences in relationships among different classes of any one variable by cross-classification (Takyi, 1990). However: the model does not provide a sound statistical basis for evaluating the goodness-of-fit of performance and the model varies in terms of reliability of trip rates in different cells of the cross-classification matrix due to differing numbers of households in each cell of the matrix (Stopher, 1983).

 Stopher (1983) proposed an alternative computational method to conventional trip rate calculation of the cross-classification model, which was named as Multiple Classification Analysis (MCA). This method overcomes the above-mentioned disadvantages of the cross-classification models. The method is basically a simple extension of analysis of variance (ANOVA) which itself is a powerful statistical method that can be used to identify the most appropriate variables of households and the classification schemes for the cross-classification models. 

In this paper an attempt is made to examine the well documented practices of trip generation studies adopted in the industrialized world in the context of their applicability in the capital city of a developing country, Dhaka, with a population of over ten million in 2001 (BBS, 2001) and still increasing fast. The city has an area of 1,529 sq. kilometer with a resultant population density of 6,545 person/km2 (STP 2005). The urbanization of Dhaka is continuing rapidly and overflowing drastically beyond the Dhaka City Corporation (DCC) limits. The transportation demand of this huge mass of people is exerting virtually unbearable pressure on the existing inadequate transportation infrastructure of the city. The need for the assessment of the generated travel demand has therefore emerged as a priority task for the transport planners, policy makers as well as those who are directly associated with the tasks of providing transport facilities at least to a reasonable level of service. This study attempts to assess the generation of trips for Dhaka, particularly for Dhaka City Corporation (DCC) area. The study area encompasses an estimated population of around 5.3 million in 2001. 

The study focuses on developing a trip production model based on the data taken from Household Interview Survey (HIS) conducted in 2004. From the data of the survey 4,857 valid samples have been taken into consideration for the analysis. Methods of defining and selecting variables are discussed. Variables that are very likely to influence trip making are selected based on the results of analysis of variance (ANOVA). Different three-way classification schemes are prepared and tested to evaluate their performance. Schemes that are adjudged as very appropriate and suitable are used to calculate trip rates by cross-classification analysis. Multiple classification analysis (MCA) technique is used to calculate the trip rates. Acceptability of the methodology of calculating the trip rates is established by selecting two sets of random samples for calibrating the model from the data available from the Household Interview Survey (HIS). The model is validated using the full set of data of the observed rates in trip making. 

2. Trip Production- Cross Classification Analysis

2.1 Variables and Categories
The first step in the trip production model is the selection of variables and classification schemes that influence travel pattern. In this research person trips are considered and trips have been divided into four categories: HBW-Home based work, HBE- Home based education, HBO-Home based other and NHB-Non-home based trips. Five different variables are considered –household income, region, household size, the number of employed persons and the number of students. Each variable is classified into different subgroups. 

Household income is defined as the total monthly income of all the members of the household, measured in Taka (Tk). Household income is grouped into four sub categories: low (LIG -less than 7,000 Tk), lower middle (LMIG 7,000-15,000 Tk), higher middle (HMIG-15,000-30,000 Tk) and high (HIG-greater than 30,000 Tk). This categorization represents the prevailing socio economic clustering pattern of the population of the city.

A region is defined as the zones which are similar in terms of such factors as socioeconomic conditions of the people living in that area, economic activities, planning options adopted and spatial location of the area that influence overall accessibility to and from the zones. A region is grouped into five categories-Central Business District (CBD), Eastern Fringe Area, Planned Residential Areas, Western Fringe Area, and the Unplanned High Density Areas.

Household size is defined as the total number of the members in the household. Household size is grouped into six groups-1and 2, 3, 4, 5, 6, and 7+ persons. Number of employed persons is the number of working persons having definite source of income in a household. Most of the households have single earning person. This variable is grouped into four groups: 0, 1, 2 and 3+. The number of students is number of members in the household that are admitted to any educational institution including from school level to university level. It is grouped into five categories as 0, 1, 2, 3 and 4+. 

A one-way ANOVA is performed to determine the variables that strongly influence trip making by purpose. The results are used to formulate the classification schemes for the cross-classification analysis. Details of the ANOVA runs by trip purpose are presented in Table-1. The following conclusions are drawn from the table. 

· The number of employed persons and the number of students has the strongest relationship with HBW and HBE trips respectively in situations where household size and income are the strongest variables explaining HBO and NHB trips respectively.  

· Consistently household size shows significant effects on all trip purposes except NHB trips. 

· Household income performs satisfactorily after household size for all the trip purposes.

· Region type shows the least effects for all trip purposes except NHB trips. It performs better than the number of employed persons and household size.
2.2 Selection of Classification Scheme

In the light of the discussions in the previous section of this research three different three-way classification schemes are tested for performance. The variables included in the first scheme (Scheme-I) are: the number of employed persons, household size and household income; the second scheme (Scheme-II) includes the number of students, household size and household income and the final one (Scheme-III) includes the number of employed persons, household income and the regions.
To check the stability of the classification schemes and calibrate the model the full data set is divided into two sets of random samples. ANOVA runs are conducted over these two sets of samples (Model-1 and Model-2) for all of the classification schemes. The results of the ANOVA runs used to select the classification scheme are presented in Table-2 through Table-7. 
While comparing the ANOVA results mainly three important factors have been considered as follows: F statistic, R2 value and the presence of any significant interaction effects. F statistic presented here represents the overall F statistic for the entire cross-classification scheme, which indicates the degree of interrelationship between the trip rates and the set of independent variables. ANOVA results also provide eta-square and beta value. Eta-square indicates the ability of the independent variable, using the categories given, to explain variation in the trip rates. Beta value provides a measure of ability of the independent variable to explain variation in the dependent variable after adjusting for the effect of all other variables. Beta coefficients indicate the relative importance of the various variables.


Table 1 One way ANOVA results of the variables
	
	Trip Purpose

	 Variable
	Categories
	Statistic
	HBW
	HBE
	HBO
	NHB

	Household income
	4
	F
	34.8
	52.6
	9.3
	49.1

	
	
	df
	

	
	
	  Between groups
	3
	3
	3
	3

	
	
	  Within group
	4853
	4853
	4853
	4853

	
	
	Significance
	a
	a
	a
	a

	Region
	5
	F
	12.6
	32.0
	4.8
	18.4

	
	
	df
	

	
	
	  Between groups
	4
	4
	4
	4

	
	
	  Within group
	4852
	4852
	4852
	4852

	
	
	Significance
	a
	a
	b
	a

	Household size
	6
	F
	71.7
	215.7
	96.4
	5.2

	
	
	df
	

	
	
	  Between groups
	5
	5
	5
	5

	
	
	  Within group
	4851
	4851
	4851
	4851

	
	
	Significance
	a
	a
	a
	a

	Number of employed persons
	4
	F
	948.6
	37.8
	7.8
	17.8

	
	
	df
	

	
	
	  Between groups
	3
	3
	3
	3

	
	
	  Within group
	4853
	4853
	4853
	4853

	
	
	Significance
	a
	a
	a
	a

	Number of students
	5
	F
	29.7
	1240.0
	52.3
	2.4

	
	
	df
	

	
	
	  Between groups
	3
	3
	3
	3

	
	
	  Within group
	4853
	4853
	4853
	4853

	
	
	Significance
	a
	a
	a
	b


F = F score and df = degrees of freedom

a significant at 99 percent or beyond; b not significant at 99 percent or beyond
Comparing the ANOVA results presented in Table-2 through Table-5, F statistic for all of the classification schemes for both Model-1 and Model-2 are in close proximity to one another which indicates the stability of the schemes. F statistic for Scheme-I, in cases of both Model-1 and Model-2, are higher than that of the other classification schemes for HBW and HBO trips. The R-squares and the eta–squares also follow the same pattern. But for NHB trips F statistics and R-squares are very close for Scheme-I and Scheme-II. The only difference between Scheme-I and Scheme-II is the presence of the variable the number of employed persons and the number of students respectively. Eta-square of the number of employed persons is higher than that of the number of students which makes the number of employed persons and thus Scheme-I more preferable. Therefore Scheme-I is selected for HBW, HBO and NHB trips. For HBE trips Scheme-II performs better, therefore only for this purpose of trips Scheme-II has been selected. Smaller values of F statistic and the presence of many significantly interacting terms led to the rejection of Scheme-III.
2.3 Derivation of cross-classification trip generation models
Stopher (1983) discussed in details about the application procedure of multiple classification analysis in cross-classification model. Any standard statistical package provides the facility of running MCA. The steps applied in case of this study are: running MCA for the selected classification scheme for the respective trip purpose (for both Model-1 and Model-2), then coefficients of deviations of each category of each variable applicable to an individual cell are added with the grand mean to compute the trip rate of that particular cell. At the end of these steps two different matrices (Model-1 and Model-2) of trip rates for each trip purpose are obtained. As an example, Table 8 and Table-9 show the HBW trip rates calibrated from the data for Model-1 and Model-2, respectively. 

Some important inferences can be drawn from the results as: trip rates increase with household size and for the same household size they increases with the number of employed persons. One important and interesting characteristic of the trip rates in developing countries, taking Bangladesh’s capital Dhaka as an example, revealed here that trip rates decrease with the increase of household income contrary to the facts in developed countries. Probable reason might be that persons of higher income group require less number of trips for their working purposes as they do not have to work multiple jobs but the lower income people have to. No significant interaction has been found among the variables in trip rates which is also established in the ANOVA results.


Table 2 ANOVA Results for Classification Scheme-I for Model-1
	Model Variables- Household Size, No. of employed persons, Household Income

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	NHB

	F
	132.8
	85.5
	29.4
	7.1

	df
	

	  Within group
	2429
	2429
	2429
	2429

	  Between groups
	11
	11
	11
	11

	Significance
	a
	a
	a
	a

	R2
	0.376
	0.279
	0.118
	0.031

	Eta-square
	

	  Household Income
	0.023
	0.027
	0.008
	0.026

	  Household Size
	0.062
	0.176
	0.091
	0.003

	  No. of employed  persons
	0.371
	0.030
	0.005
	0.011

	Beta
	

	  Household Income
	0.039
	0.131
	0.047
	0.145

	  Household Size
	0.070
	0.479
	0.343
	0.031

	  No. of employed persons
	0.598
	0.339
	0.164
	0.066

	Significant Interactions
	None
	None
	None
	None



a significant at 99 percent or beyond; b not significant at 99 percent or beyond


Table 3 ANOVA Results for Classification Scheme-I for Model-2
	Model Variables- Household Size, No. of employed persons, Household Income

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	NHB

	F
	134.1
	87.4
	27.0
	9.8

	df
	

	  Within group
	2404
	2404
	2404
	2404

	  Between groups
	11
	11
	11
	11

	Significance
	a
	a
	a
	a

	R2
	0.380
	0.286
	0.110
	0.043

	Eta-square
	

	  Household Income
	0.021
	0.037
	0.004
	0.034

	  Household Size
	0.078
	0.189
	0.090
	0.010

	  No. of employed persons
	0.368
	0.017
	0.006
	0.011

	Beta
	

	  Household Income
	0.052
	0.153
	0.048
	0.169

	  Household Size
	0.107
	0.496
	0.339
	0.072

	  No. of employed persons
	0.591
	0.319
	0.136
	0.056

	Significant Interactions
	None
	None
	None
	None



a significant at 99 percent or beyond; b not significant at 99 percent or beyond


Table 4 ANOVA Results for Classification Scheme-II for Model-1
	Model Variables- Household Income, Household Size, No. of students

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	NHB

	F
	48.7
	163.6
	23.3
	8.0

	df
	

	  Within group
	2429
	4844
	4844
	4844

	  Between groups
	11
	11
	11
	11

	Significance
	a
	a
	a
	a

	R2
	0.181
	0.426
	0.095
	0.035

	Eta-square
	

	  Household Income
	0.023
	0.027
	0.008
	0.026

	  Household Size
	0.062
	0.176
	0.091
	0.003

	  No. of students
	0.027
	0.420
	0.035
	0.002

	Beta
	

	  Household Income
	0.101
	0.055
	0.055
	0.159

	  Household Size
	0.436
	0.051
	0.287
	0.084

	  No. of students
	0.413
	0.618
	0.037
	0.109

	Significant Interactions
	None
	None
	None
	None



a significant at 99 percent or beyond; b not significant at 99 percent or beyond


Table 5 ANOVA Results for Classification Scheme-II for Model-2
	Model Variables- Household Income, Household Size, No. of students

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	NHB

	F
	47.0
	187.6
	22.8
	10.2

	df
	

	  Within group
	2404
	2404
	2404
	2404

	  Between groups
	11
	11
	11
	11

	Significance
	a
	a
	a
	a

	R2
	0.177
	0.462
	0.095
	0.044

	Eta-square
	

	  Household Income
	0.021
	0.037
	0.004
	0.034

	  Household Size
	0.078
	0.189
	0.090
	0.010

	  No. of students
	0.011
	0.452
	0.029
	0.002

	Beta
	

	  Household Income
	0.078
	0.079
	0.058
	0.178

	  Household Size
	0.465
	0.065
	0.313
	0.087

	  No. of students
	0.375
	0.630
	0.039
	0.081

	Significant Interactions
	None
	None
	None
	None



a significant at 99 percent or beyond; b not significant at 99 percent or beyond
Table 6 ANOVA Results for Classification Scheme-III for Model-1 
	Model Variables-Region, Household Income, No. of employed persons

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	 NHB

	F
	25.9
	6.3
	2.0
	3.2

	df
	

	  Within group
	2299
	2299
	2299
	2299

	  Between groups
	55
	55
	55
	55

	Significance
	a
	a
	a
	a

	R2
	0.360
	0.108
	0.014
	0.043

	Eta-square
	

	  Region
	0.008
	0.029
	0.004
	0.016

	  Household Income
	0.023
	0.029
	0.008
	0.026

	  No. of employed persons
	0.356
	0.031
	0.002
	0.011

	Beta
	

	  Region
	0.051
	0.172
	0.056
	0.114

	  Household Income
	0.031
	0.234
	0.095
	0.145

	  No. of employed persons
	0.605
	0.238
	0.064
	0.053

	Significant Interactions
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons


a significant at 99 percent or beyond; b not significant at 99 percent or beyond
 Table 7 ANOVA Results for Classification Scheme-III for Model-2 
	Model Variables-Region, Household Income, No. of employed persons

	
	Trip Purpose

	Statistic
	HBW
	HBE
	HBO
	NHB

	F
	25.7
	5.8
	1.9
	3.6

	df
	

	  Within group
	2262
	2262
	2262
	2262

	  Between groups
	56
	56
	56
	56

	Significance
	a
	a
	a
	a

	R2
	0.360
	0.099
	0.011
	0.055

	Eta-square
	

	  Region
	0.018
	0.029
	0.007
	0.018

	  Household Income
	0.023
	0.035
	0.004
	0.036

	  No. of employed persons
	0.356
	0.016
	0.001
	0.011

	Beta
	

	  Region
	0.050
	0.177
	0.082
	0.130

	  Household Income
	0.034
	0.240
	0.065
	0.181

	  No. of employed persons
	0.601
	0.205
	0.022
	0.033

	Significant Interactions
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons
	Region and income; region and no. of employed persons; income and no. of employed persons; region and income and no. of employed persons


a significant at 99 percent or beyond; b not significant at 99 percent or beyond
2.4 Validation of model

The calibrated trip rates have been validated with the observed trip rates of full data set obtained from the Household Interview Survey (HIS). Aitken’s residual mass curve coefficient (A-value) (Rengaraju and Satyakumar, 1994) has been used to assess the closeness between the observed and predicted values. The validation results of only HBW trip rates are presented in this paper as an example. 

Fig. 1 presents a comparison between predicted HBW trip rates. The coefficient of multiple determination (R2) between Model-1 and Model-2 obtained in the analysis is 0.996, which strongly establishes that the methodology may be adopted to calculate trip rates. It also establishes the stability of the trip rates over the sample data used for calibration. Fig. 2 and Fig. 3 present the comparison between the observed trip rates obtained from the full data set and the models’ predicted trip rates using Model 1 and 2 respectively. The R2 values obtained are satisfactory. However if trip rates of cells with small number of samples are excluded from the analysis, then performance improves significantly which is demonstrated in Fig. 4 and Fig. 5. Fig. 4 and Fig. 5 present the comparisons between the observed trip rates excluding the cells with inadequate number of samples and the models’ predicted trip rates using Model-1 and Model-2 respectively. Aitken's residual mass curve coefficients for Model-1 and Model-2 are 0.874 and 0.879 respectively. They signify the existence of a good agreement between the observed and the model-predicted trip rates.

    

Table 8 Cross-Classification HBW Trip Rates of Model-1
	Income

Level
	Household Size
	No. of Employed persons

	
	
	0
	1
	2
	3+

	LIG
	1,2
	0.960
	2.076
	3.598
	--

	
	3
	0.967
	2.083
	3.605
	5.516

	
	4
	1.001
	2.117
	3.639
	5.550

	
	5
	1.270
	2.387
	3.909
	5.820

	
	6
	1.550
	2.666
	4.188
	6.099

	
	7+
	1.533
	2.650
	4.172
	6.083

	LMIG
	1,2
	0.889
	2.006
	3.527
	--

	
	3
	0.896
	2.013
	3.534
	5.446

	
	4
	0.930
	2.047
	3.568
	5.480

	
	5
	1.200
	2.316
	3.838
	5.749

	
	6
	1.479
	2.595
	4.117
	6.029

	
	7+
	1.463
	2.579
	4.101
	6.012

	HMIG
	1,2
	0.827
	1.944
	3.466
	--

	
	3
	0.834
	1.951
	3.473
	5.384

	
	4
	0.868
	1.985
	3.507
	5.418

	
	5
	1.138
	2.254
	3.776
	5.688

	
	6
	1.417
	2.534
	4.056
	5.967

	
	7+
	1.401
	2.517
	4.039
	5.951

	HIG
	1,2
	0.648
	1.764
	3.286
	--

	
	3
	0.655
	1.771
	3.293
	5.204

	
	4
	0.689
	1.805
	3.327
	5.238

	
	5
	0.958
	2.075
	3.597
	5.508

	
	6
	1.237
	2.354
	3.876
	5.787

	
	7+
	1.221
	2.338
	3.860
	5.771
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Fig. 1. Comparison of Model-1 against Model-2 Predicted HBW Trip Rates
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Fig. 2. Comparison of Model-1 Predicted HBW Trip Rates against Observed HBW Trip Rates with Full Data Set
Table 9 Cross-Classification HBW Trip Rates of Model-2
	Income

Level
	Household Size
	No. of Employed persons

	
	
	0
	1
	2
	3+

	LIG
	1,2
	0.960
	2.076
	3.598
	--

	
	3
	0.967
	2.083
	3.605
	5.516

	
	4
	1.001
	2.117
	3.639
	5.550

	
	5
	1.270
	2.387
	3.909
	5.820

	
	6
	1.550
	2.666
	4.188
	6.099

	
	7+
	1.533
	2.650
	4.172
	6.083

	LMIG
	1,2
	0.889
	2.006
	3.527
	--

	
	3
	0.896
	2.013
	3.534
	5.446

	
	4
	0.930
	2.047
	3.568
	5.480

	
	5
	1.200
	2.316
	3.838
	5.749

	
	6
	1.479
	2.595
	4.117
	6.029

	
	7+
	1.463
	2.579
	4.101
	6.012

	HMIG
	1,2
	0.827
	1.944
	3.466
	--

	
	3
	0.834
	1.951
	3.473
	5.384

	
	4
	0.868
	1.985
	3.507
	5.418

	
	5
	1.138
	2.254
	3.776
	5.688

	
	6
	1.417
	2.534
	4.056
	5.967

	
	7+
	1.401
	2.517
	4.039
	5.951

	HIG
	1,2
	0.648
	1.764
	3.286
	--

	
	3
	0.655
	1.771
	3.293
	5.204

	
	4
	0.689
	1.805
	3.327
	5.238

	
	5
	0.958
	2.075
	3.597
	5.508

	
	6
	1.237
	2.354
	3.876
	5.787

	
	7+
	1.221
	2.338
	3.860
	5.771
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Fig. 3. Comparison of Model-2 Predicted HBW Trip Rates against Observed HBW Trip Rates with Full Data Set
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Fig. 4. Comparison of Model-1 Predicted HBW Trip Rates against Observed HBW Trip Rates (excluding cells with insufficient number of samples) with Full Data Set 
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Fig. 5. Comparison of Model-2 Predicted HBW Trip Rates against Observed HBW Trip Rates (excluding cells with insufficient number of samples) with Full Data Set 

3. Conclusions

This paper focuses on the development of a trip production model in the context of a developing country’s city, Dhaka, which is the capital of Bangladesh. The variables considered to influence trip making are –household income, region, household size, the number of employed persons and the number of students in the household. The analysis indicates that the number of employed persons and the number of students are the most significant variables explaining HBW and HBE trips respectively. Household size has consistently significant effects on all trip purposes except NHB trips. As a variable, household Income performs satisfactorily after household size for all the trip purposes. Region type has the least effects for all the trip purposes. The results of a one-way ANOVA are used to formulate the cross-classification schemes for all the cross-classification analyses. Classification scheme with such variables as the number of employed persons, household size and household income is selected for its significant performance in explaining HBW, HBO and NHB trips. For HBE trips classification scheme with the number of students, household size and income performs better, therefore only for this purpose of trips this scheme has been selected. 

Multiple classification analysis is applied in developing the cross-classification model of trip generation. For calibrating the model two sets of random samples (Model-1 and Model-2) are selected from the available data. Salient features of the results indicate that trip rates increase with household size and for the same household size it increases with the number of employed persons. The results also indicate that trip rates decrease with the increase of income, which can be considered as important and an interesting characteristic of trip rates in developing countries. The calibrated trip rates have been validated with the observed trip rates of full set of data obtained from the HIS.  The significant existence of close agreements between the observed and the model-predicted trip rates are established by the coefficients of multiple determination (R2) and Aitken's residual mass curve coefficients (A) for both the models.
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