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Abstract

Models of person trip movements within urban areas have generally used the concept of individual trips while it has been argued that it is necessary to abandon the trip based approach in favour of an approach involving total household activity pattern. Travel probability field is the spatial distribution of activity sites visited by households in a particular residential location which can be depicted by a probability density function described in locational coordinates. The theory of travel probability fields may be summarized as: People travel to increase their choice of activity sites so as to increase the benefits associated with the destination. However their travel is restricted to an area where the benefits exceed travel times and costs and this area, called the travel probability field, can be described analytically through its parameters. This paper attempts to present the empirical findings of a research study, the first of its kind in a developing country, carried out in an Indian city- Noida located in the largest Indian state of Uttar Pradesh close to the national capital of Delhi.
The research study revealed that household income and vehicle ownership are significant determinants of travel probability fields. A 100 percent change in the centroid distance was observed between the low income households (LIG) and middle income households (MIG) while a 250 percent change was observed between a non motorized vehicle owning households and motorized vehicle owning households. Further it was observed that socio economic characteristics such as age, gender and occupation also significantly affect travel probability fields. While males have a larger travel probability field compared to females, employed persons depicted a larger centroid distance compared to unemployed persons. The research study also found that trip attributes such as trip purpose also significantly affect the travel probability fields .While work trips had the largest search area, centroid distance and highest dispersion, the shopping trips had the least dispersion and a specific direction of search. The paper concludes that travel probability fields is an innovative concept to understand the travel behaviour besides aiding in transport system planning, particularly in identifying need based transport system and evaluate sensitivity of travel patterns to transport systems policies. This concept can also provide valuable insights into urban structure planning such as evaluating inequities in location of opportunities and assessing the impact of urban form and structure on travel patterns.
Keywords: Travel Probability Fields, impact, socio-economic, urban structure, travel attributes.
1. Introduction
The growing transportation issues have become a major area of concern for economic development of an area. These issues as evident are from rapidly increasing travel demand and the not so rapidly increasing transportation supply. In order to balance the growing mismatch, transportation professionals have started to view these issues from not only a technological approach but also a behavioral approach, which then has led to the increased use of disaggregated demand analysis. Models of person movement within urban areas have generally used the concept of individual trips. Example- include the familiar gravity, intervening opportunities, and entropy maximisation models frequently employed for traffic analysis in transportation planning studies, and also the complex disaggregate models developed to describe trip generation, trip distribution, and modal split. It has been persuasively demonstrated that many important causal factors in travel demand are not present in such trip based models. Thus it is argued that it is necessary to abandon the trip based approach in favour of approach involving household activity patterns. 
Zahavi (1979) proposed a Unified Mechanism of Travel (UMOT) as an alternative to conventional models of travel. In the UMOT approach, travel utility is first expressed in terms of daily travel distance and then maximised under explicit constraints on the daily amounts of time and money people spend on travel. Because the resulting travel distance is the product of the average trip length and the average trips made per day, the UMOT travel model can be made to interact with urban structure if average trip length can be related to the spatial distribution of households and activity sites in urban areas. He proposed that people travel to increase their choice of activity sites to increase the benefits associated with the destination and such travel is restricted to an area called travel fields where the benefits exceed the travel time or costs. Travel fields are a result from interaction between travel demand, system supply and urban structure. 
Zahavi’s work is consistent with attempts made in the field of urban geography to describe the spatial distribution of activity patterns.
 The concept of search fields has been further developed over time by various researchers adopting different terminologies. Activity space is the micro-geographical concept which captures the extent of daily mobility patterns. Schonfelder et. al. (2002) have defined activity space as two dimensional form which is constituted by the spatial distribution of those locations a traveler has a personal experience (contact) with. A related concept is action space which is based on broader determination of space-time behaviour. It is defined as part of cognition space whose particular locations the traveler does not only know but also visits frequently. The methodological development to capture human activitie spaces has led to three measures ( Schnofelder et. al. (2002)) which are – 
· A two dimensional confidence ellipse (interval) around a suitably chosen point.

· Activity space measured by Kernel densities based on proximity of activity locations.

· Shortest path network based on shortest paths between all origin-destination relations observed.
The reported research internationally on the concept of travel probability fields has been largely confined to developed countries with a more homogeneous environment in terms of socio-economic and transport system characteristics, while very little work has been reported for cities in developing countries. This paper attempts to present the empirical findings of a research study on travel probability fields based on Zahavi’s concept, the first of its kind in a developing country like India with heterogeneous conditions of development, carried out in Noida located in the largest Indian state of Uttar Pradesh close to the national capital of Delhi.
2. Concept of Travel Probability Field
According to Zahavi (1979) travel probability fields can be defined as the spatial distribution of activity sites visited by households in a particular residential location which can be depicted by a probability density function described in location co-ordinates. Certain properties of the density function are related to the residential location relative to the urban centre(s), the socio-economic characteristics of the households, and to travel speeds and travel costs. Bivariate normal distributions positioned at one standard deviation are effective representations of the spatial distributions of trip destinations. 
The theory of travel probability fields, as put forward by Zahavi et al (1981), may be summarised as: People travel to increase their choice of activity sites and so increase the benefits associated with the destination. Because the cost of travel (assumed here to be travel time) increases with travel distance, travel is restricted to an area where the benefits exceed the travel time. This area, the ‘travel probability field’, can be described analytically provided that simplifying assumptions can be made on the way in which the  density of activity sites varies with distance from the urban centre. Such travel fields are methodologically consistent with attempts made in urban geography to describe the spatial distribution of activity patterns. 
The concept is specified for homogeneous group of households: each group defined by locational proximity and socio-economic strata. It is postulated that the trips generated by such a homogeneous group are influenced by a small number of discrete urban centres. Each centre defines a spatial distribution of trip attractors. Outside the immediate vicinity of the urban centre, it is assumed that the density of the activity sites falls off as a monotone-decreasing convex function of radial distance. The area that can be potentially be covered by trips originating from a household located at a distance from the urban centre is generated by projections from a cone in x-y space which has its apex at the household location and an angle which is equal to some measure of speed of the transport system. If the cone of travel possibility and the surface describing density of attractors are superimposed, the intersection of the two surfaces circumscribe an approximately elliptical area on the density of attractors surface. (Fig. 1). The intersection of the surface is then precisely an ellipse and the volume within the core under the ellipse is related to the travel benefits which can be realized by a household located at certain distance. 

Fig.1: Theory of travel probability fields
	
	

	Density of activity sites relative to xy plane
	Cone of travel possibilities in xy time space

	
	

	Intersection of the cone of travel possibilities and the surface describing density of attractors
	Geometric Interpretation of travel benefit


3. Parameters of Travel Probability Fields
The parameters of travel probability fields used for analysis are:
i. 
Centroid Distance is 
[image: image1.wmf]the distance from the centroid of the households to  the activity site centroid. 

 
[image: image2.wmf]2

/

1

2

2

}

)

(

)

{(

y

Y

x

X

d

c

-

+

-

=


ii. Standard Distance, otherwise known as standard distance deviation or root mean square distance deviation, is the spatial equivalent of standard deviation. It provides the most concise description of the spread of points around the mean center. It is a convenient measure of dispersion in point patterns since it summarises the spread of points in just one value. 
It is given by –

dσ = (σx2 + σy2)1/2  = (σ'x2 + σ'y2)1/2
iii.  Shape Indexe: The most commonly measured characteristic of shape is compactness. This is effectively a measure of how far a shape deviates from the most compact possible shape, a circle. The elongation of an ellipse is given by:
                             Elongation Index = b / a
where 'b' is the major axis of the ellipse and 'a' is the minor axis of the ellipse. It signifies the direction of an ellipse, if any.

iv.  Area: The area of the travel probability field is the area within the ellipse which signify the extent or ability of an individual to travel. 
The process of generating travel probability fields as proposed by Zahavi constitutes the following steps:
Step 1: Locate household centroid: Given the X and Y co-ordinates of sampled households location, the weighted households centroid is calculated as -
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 where:

Xi , Yi = Co-ordinates of household,

wi = Expansion factor of sample

Step 2: Locate trip destinations centroid: Given the x and y co-ordinates of each trip destination, generated by sampled households, the weighted trip destination centroid is calculated as –
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  where:

xi , yi = Co-ordinates of trip destinations,

wi = Expansion factor of sample

(Trips for purpose as return home were excluded, in order to derive the centroid of trip destinations away from home)

Step 3: Calculate standard deviations of trip destinations: The standard deviation of trip destination distributions about their respective centroids is calculated (σx and σy).
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Step 4: Calculate Correlation Coefficient: The correlation coefficient between the two distributions is calculated (r).
r = Σwixiyi – ((Σwixi)( Σwiyi) / Σwi)
σx σy
Step 5: Calculate Angle of Rotation: In order to find the new co-ordinate system along which σx and σy take the minimum and maximum values, the angle of rotation between the initial and the new co-ordinate system is calculated (a).
α = 0.5 tan -1 (2r σx σy / σx2 - σy2)
Step 6: Perform
 transformation of Co-ordinates: The initial co-ordinates of all trip destinations are transformed to the new co-ordinate system.
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4. Data Base
NOIDA is an urban area located in close proximity to the capital city of India, New Delhi. It was formed in order to decentralize economic activities in the National Capital Region of Delhi and to control speculative land dealings in the area. It had an estimated population of around 0.3 million at the time of the research (1999). The data required for the research was mainly identified with two purposes i.e., to develop travel probability fields and to evaluate the fields based on existing household, urban structure and transport system characteristics. Secondary information (detailed maps of NOIDA and its surroundings, population details etc.) and primary information through household surveys was collected for the purpose. A detailed household survey was conducted for a sample of 475 households in the urban area, which were selected using the systematic random sampling technique. Out of the 475 households, 317 were located in the urban sectors while 158 were located in the squatter settlements.

The household survey data was analyzed to evaluate the socio-economic characteristics of the households. The average household size and sex ratio were observed to be 4.2 and 832 (females per 1000 males) respectively. The residents are primarily engaged in industrial and service employment.  The sample population made 3298 trips per day. Out of the total trips, 1627  (49.3%), which were return home trips, were kept out, as analysis of the travel probability field is done on trip destinations other than home. There were 13 outlier cases, which were outside the location co-ordinate boundary. Thus, the total final trips taken for analysis were 1658 trips. Out of the 1658 trips, around 73 per cent are destined within NOIDA, 26 per cent are destined for Delhi and 1 percent were destined for other outer areas. The distribution of trips for various by purpose shows that the work trips have the maximum proportion of external trips (31%). Education and shopping have a lower proportion of external trips (22%) and high proportion of internal trips. Walk and Car are the most utilized modes for travel by the sample households (27% and 26% respectively). Public transport is the next most utilized mode within NOIDA. The utilization of car for travel increases with increase in income whereas for modes like walk, cycle and public transport it decreases with income.
5. Parameters of Travel Probability Field
Travel Probability Field for the household of NOIDA was developed in order to evaluate the impact of various travel behaviour determinants. The field was developed through development of a standard deviation ellipse. The characteristics and parameters of travel probability field of the urban households in Noida are:
Characteristics of Travel Probability Field
· No. of destinations: 1658 

· Household centroid: 30.84, 10.50

· Destination centroid: 27.98, 11.04

· Angle of rotation: 89°

· Major axis: 4.53 km

· Minor axis: 4.08 km

· Observed trip length: 7.2 km 

· Calculated trip length: 6.6 km

Parameters of Travel Probability Field

·  Area: 58.17 sq. Km

· Standard distance: 6.10 km

· Elongation index: 1.11

· Centroid distance: 2.91 km

The above parameters represent that the search field of urban households in Noida has an area of 58 sq.km. The dispersion of activity sites from the main centroid is 6.1 km. A low elongation index of 1.11 signifies absence of the impact of a highest attraction center.
6. Impact of Socio Economic Attributes On Travel Probability Fields
Recent attention has been given to the role of socio-economic (user and household) characteristics in systematically identifying a homogeneous grouping of travellers with respect to the issue under the study. The homogeneous grouping criteria combined eventually with a necessity to represent travel demand in a spatial context, can assist in improving our ability to explain real travel patterns by the development of an improved aggregation condition. Hence, the emphasis is on analyzing homogeneous groups of travellers separately, and then relating the individual sets of results to each other to obtain an aggregate assessment of behaviour via knowledge of the representatives of each group contained in the total sample.

In the first stage of impact analysis of travel probability fields, an attempt to establish a relationship between socio-economic characteristics and travel probability fields in the case study area was made.  The impact of household attributes (Income, Vehicle Ownership and Household Size) was tested on travel probability fields.  The results of the impact analysis are presented in Table 1. The main inferences, which were drawn from the impact analysis, are:

i. Household attributes such as income, vehicle ownership and size are significant determinants of travel probability fields

ii. The search field of household and its travel distance increases with income. A 100 percent increase in area from lower income to middle income households and 54 percent increase from middle income to high income households is observed on account of increase in affordability to travel and increase in speed opportunities with increasing income.
iii. The search and travel distance of households owning vehicles is high compared to non-vehicle owning households, A 250 percent increase in the area of travel probability fields is observed from non motorized vehicle owning households to motorized vehicle owning households.
iv. Lower income households and households with non motorized vehicle ownership have a more elongated travel field (higher elongation index) signifying less dispersion from the centroid and movement along major transportation corridors

v. Although households with an average household size of 3-5 persons show a higher search area, the impact of household size on travel probability field is not very significant across different households groupings based on size.
Table 1: Impact of household attributes on travel probability field

	Category
	Observed Trip length(Km)
	Area
	Centroid distance(Km)
	Standard distance(Km)
	Elongation Index

	
	
	(sq. km)
	
	
	

	Income
	 
	 
	 
	 
	 

	Low
	3.24
	23.05
	0.55
	3.94
	1.4

	Medium
	6.13
	46.28
	2.36
	5.45
	1.14

	High
	9.7
	71.63
	4.35
	6.76
	1.08

	Vehicle ownership
	
	
	
	
	

	Non vehicle
	6.11
	49.94
	2.36
	5.64
	1.05

	Motorised vehicles
	10.58
	75.64
	4.69
	6.99
	1.19

	Non motorized
	3.39
	21.64
	0.64
	3.75
	1.24

	Household size
	
	
	
	
	

	Below 3
	6.74
	55.71
	2.62
	6.01
	1.22

	5-Mar
	7.49
	60.68
	3.18
	6.23
	1.09

	Above 5
	6.73
	51.63
	2.3
	5.76
	1.14


The variation in travel probability fields on account of personal characteristics of individuals (age, gender and occupation) was also tested. The results of the impact analysis are presented in Table 2. The main inferences, drawn from the impact analysis, are:

i. Age, gender and occupation are significant attributes affecting the travel probability fields

ii. The travel field is less dispersed and more elongated for children and elderly than middle-aged persons because of localised travel behaviour search and low speed opportunities in case of the former.

iii. Males were found to have a larger travel field in comparison to females due to access to high-speed opportunities.

iv. Employed people have a higher centroid distance and higher dispersion of destination in comparison to unemployed individuals.
Table 2: Impact of personal attributes on travel probability field

	Category
	Observed Trip length(Km)
	Area
	Centroid distance(Km)
	Standard distance(Km)
	Elongation Index

	
	
	(sq. km)
	
	
	

	Age (yrs.)
	 
	 
	 
	 
	 

	Age <16
	3.67
	25.69
	0.85
	4.06
	1.14

	Age 15 - 30
	7.98
	68.44
	3.17
	6.61
	1.05

	Age 30 - 45
	7.3
	54.76
	3
	5.93
	1.15

	Age 45 - 60
	8.48
	64.56
	3.94
	6.46
	1.19

	Age > 60
	9.02
	55.51
	3.84
	5.98
	1.17

	Gender
	
	
	
	
	

	Male
	7.71
	60.23
	2.97
	6.22
	1.14

	Female
	6.94
	54.43
	2.81
	5.89
	1.04

	Occupation
	
	
	
	
	

	Govt. Employed
	11.94
	63.53
	6.07
	6.37
	1.1

	Pvt. Employed
	6.57
	55.72
	2.1
	5.97
	1.09

	Self Employed
	7.57
	57.15
	3.27
	6.1
	1.25

	Students
	6.35
	58.4
	2.65
	6.1
	1.04

	Housewife
	6.33
	45.9
	2.71
	5.42
	1.12


7. Impact of Trip and Urban Structure Attributes on Travel Probability Field
Attributes of trip making (mode and purpose of travel) were also used as an evaluation criterion for travel probability fields. The results of the impact analysis are presented in Table 3. 
i. 
ii. 
iii. 
iv. 
v. 
vi. 
vii. 
viii. 
Table 3: Impact of trip attributes on travel probability field
	Category
	Observed Trip length(Km)
	Area
	Centroid distance(Km)
	Standard distance(Km)
	Elongation Index

	
	
	(sq. km)
	
	
	

	Purpose
	 
	 
	 
	 
	 

	All Trips
	7.23
	58.17
	2.91
	6.1
	1.11

	Work Trips
	8.21
	65.68
	3.11
	6.49
	1.12

	Education Trips
	6.06
	55.72
	2.37
	5.96
	1.04

	Shopping Trips
	6.11
	41.08
	2.75
	5.2
	1.3

	Mode
	
	
	
	
	

	Walk
	1.19
	13.21
	0.39
	2.95
	1.29

	Pvt. Motorised
	10.99
	72.05
	4.94
	6.81
	1.15

	Pvt.Non Motorised
	2.76
	10.52
	0.14
	2.62
	1.26

	Intermediate Public Transport
	2.67
	10.25
	0.65
	2.58
	1.23

	Public Transport
	12.34
	78.17
	4.63
	7.08
	1.12

	Mode/ Purpose
	
	
	
	
	

	Work (Car)
	13.33
	88.6
	5.79
	7.54
	1.14

	Work (2-W)
	12.7
	73
	7.26
	7.68
	2.05

	Work (Cycle)
	3.11
	10.45
	0.07
	2.59
	1.13

	Work (Bus)
	16.3
	86.06
	4.2
	7.5
	1.26

	Work (Walk)
	1.01
	11.18
	0.22
	2.69
	1.21

	Education (Car)
	14.04
	80.35
	7.18
	7.17
	1.1

	Education (2-W)
	12.29
	66.68
	9
	6.69
	1.39

	Education (Cycle)
	1.79
	2.37
	0.45
	1.38
	2.02

	Education (Bus)
	14.63
	97.18
	5.92
	7.93
	1.19

	Education (Walk)
	1.42
	18.73
	0.65
	3.62
	1.55

	Shopping (Car)
	8.95
	40.26
	4.17
	5.13
	1.25

	Shopping (Cycle)
	2.56
	15.77
	1.33
	3.38
	1.67

	Shopping (Bus)
	9.69
	72.75
	3.28
	6.89
	1.25

	Shopping (Walk)
	1.03
	13.82
	0.64
	2.98
	1.13


The main inferences drawn from the impact analysis are:

ix. Variation in travel probability fields by purpose signifies the increase in search trip area to access economic opportunities.
x. Work trips have the largest search area and hence bigger travel fields amongst various trips. It also show the highest centroid distance and the maximum dispersion.
xi. Work trips were followed by the education trips in terms of large search fields.
xii. Shopping trips have higher elongation index signifying less dispersion and specific direction of search.

xiii. Travel probability fields by public transport and private motorized modes have the largest search on account of lower costs in case of public transport and high-speed opportunity and flexibility in case of private modes.
xiv. Non motorized modes of travel and walk trips exhibit less dispersion and higher elongation on account of low speed opportunities associated with use of such modes for corridor movement.

xv. Travel probability fields by public transport have the maximum search area for all trip purposes.

xvi. Within private motorised modes, car has the largest search field for work, followed closely by two wheelers.

Distance from the activity center, a parameter signifying the urban structure was also used to see the changes in travel probability fields. The urban area of NOIDA was divided into inner, middle and outer areas based on distance from the main attraction center. The results of the impact analysis are presented in Table 4. The main inferences from the impact analysis are:

i. Households located in the inner area have minimum search and centroid distance because of concentration of the activities in the core.

ii. Travel probability fields of outer areas have higher dispersion because of scattered location of activity sites.

iii. Travel probability fields of households in middle area had the maximum search area due to least urban opportunities per unit of residential area.

iv. 
Table 4: Impact of urban structure attributes on travel probability field

	Category
	Observed Trip length(Km)
	Area
	Centroid distance(Km)
	Standard distance(Km)
	Elongation Index

	
	
	(sq. km)
	
	
	

	Distance
	 
	 
	 
	 
	 

	Inner
	5.87
	40.72
	1.21
	5.11
	1.12

	Middle
	7.86
	60.54
	3.28
	6.23
	1.13

	Outer
	7.06
	59.39
	3.22
	6.15
	1.06

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


The variables tested above were then further combined to perform a further disaggregate analysis on the fields. The results of the impact analysis are presented in Table 5. 










Table 5: Impact of income, trip attributes and urban structure parameter on travel probability field
	Category
	Observed Trip length(Km)
	Area
	Centroid distance(Km)
	Standard distance(Km)
	Elongation Index

	
	
	(sq. km)
	
	
	

	Income/ Mode
	 
	 
	 
	 
	 

	LIG (PVT. M)
	5.79
	44.4
	2.07
	5.46
	1.39

	LIG (PVT. NM)
	3.05
	10.89
	0.05
	2.68
	1.32

	LIG (NONE)
	3.13
	21.11
	0.6
	3.88
	1.63

	MIG (PVT.M)
	9.41
	53.78
	3.95
	5.89
	1.17

	MIG (PVT. NM)
	2.4
	8.36
	0.68
	2.43
	1.59

	MIG (NONE)
	4.93
	42.21
	1.74
	5.21
	1.15

	HIG (PVT.M)
	11.75
	77.85
	5.38
	7.07
	1.15

	HIG (PVT.NM)
	2.11
	3.96
	0.44
	2.05
	3.02

	HIG (NONE)
	8.03
	64.05
	3.54
	6.39
	1.02

	Income/ Purpose
	
	
	
	
	

	LIG (Work)
	2.91
	15.59
	0.19
	3.22
	1.33

	LIG (Education)
	3.31
	26.67
	0.6
	4.27
	1.47

	LIG (Shopping)
	3.91
	36.62
	1.5
	4.97
	1.4

	MIG (Work)
	6.18
	45.52
	2.12
	5.46
	1.26

	MIG (Education)
	5.88
	57.09
	2.69
	6.04
	1.11

	MIG (Shopping)
	6.29
	34.99
	2.57
	4.74
	1.15

	HIG (Work)
	12.43
	85.93
	5.44
	7.42
	1.11

	HIG (Education)
	7.12
	61
	2.85
	6.25
	1.12

	HIG (Shopping)
	7.4
	46.38
	3.87
	5.55
	1.34

	Distance/ Income
	
	
	
	
	

	Inner (HIG)
	8.89
	70.76
	4.77
	6.74
	1.13

	Inner (MIG)
	5.78
	20.49
	0.33
	3.63
	1.16

	Inner (LIG)
	3.03
	8.6
	0.61
	2.38
	1.32

	Middle (HIG)
	9.55
	68.07
	4.02
	6.62
	1.16

	Middle (MIG)
	6.01
	54.29
	2.63
	5.88
	1.06

	Middle (LIG)
	3.24
	24.97
	1.06
	4.04
	1.27

	Outer (HIG)
	10.34
	75.55
	5.28
	6.95
	1.09

	Outer (MIG)
	6.44
	48.83
	3.06
	5.62
	1.2

	Outer (LIG)
	3.36
	20.75
	0.91
	3.71
	1.34


The main inferences drawn from the impact analysis are:

i. Households in the lower income category showed a smaller search field and a shorter centroid distance for the trips to work in comparison to the non-work trips.
ii. Households in middle income groups have higher search fields for work purpose in comparison to other trips.
iii. Households in the middle-income group have higher search fields for education trips followed by work and shopping trips.
iv. The search fields tend to increase by 75% across income categories (low to high) with usage of private modes.
v. Travel fields of lower and middle-income groups have the maximum impact on account of distance from the city center (2 to 3 times increase in search fields of households in inner area to those in middle area). High income households are not affected by their location with respect to distance for center.

vi. Maximum variation in search fields is observed across income groups in inner zones while the variation decreases, particularly between middle area and to some extent outer areas.
8. Travel Probability Fields & Travel Attributes
The relationship of the parameters of travel probability fields was tested against the frequently used travel indicators like distance, time, cost and speeds. The average trip lengths were also calculated with help of parameters of travel probability field by the expression given by Mingxin (1988), which is as follows:

        Trip Length = 3α2 - β2 / 3α

Where
α = Semi Major Axis of the ellipse

β = Semi Minor axis of the ellipse

It was observed that the trip lengths calculated with help of travel probability parameters and the observed trip length was similar as shown below:

· Average trip length of the Study Area: 7.23 Km (Observed), 6.62 (Calculated)

· Average trip length of work trips in the Study Area: 8.21 Km (Observed), 7.13 (Calculated)

· Average trip length of educational trips in the Study Area: 6.06 Km (Observed), 6.97 (Calculated)

· Average trip length of shopping trips in the Study Area: 6.11 Km (Observed), 6.6 (Calculated)
Table 6: Correlation coefficients between parameters of travel probability field and travel attributes
	Parameters
	Travel distance
	Travel time
	Travel cost
	Travel speed

	 
	Correlation Coefficients

	Centroid Distance
	0.94
	0.8
	0.84
	0.96

	Standard Distance
	0.69
	0.77
	0.8
	0.94

	Elongation Index
	0.21
	0.24
	-0.95
	-0.99

	Area
	0.63
	0.72
	0.82
	0.95

	
	Regression Coefficients

	Centroid Distance
	0.47
	0.6
	0.6
	0.88

	Standard Distance
	0.89
	0.64
	0.71
	0.91


It was also found that the parameters of travel probability field are highly correlated with the aggregate travel demand parameters. In particular centroid distance and standard distance are highly correlated with travel speed as also reported by other researchers (Beckmann et al, 1983, Mingxin, 1988). Travel speed emerged as the most important indicator explaining activity dispersion and hence the spread of the field. Table 6 gives the observed correlation between parameters of travel probability fields and travel variables.
9. Comparative Research Findings – International Experiences
Zahavi (1979) in his study for Washington DC, U.S and Nurenberg FRG metropolitan areas observed that –

i. Car travel fields are more elongated than transit travel fields for same households.

ii. Direction of major axis of ellipse is also affected by the available supply of transport systems such as bus routes.

Beckmann et. al (1983) in their study observed that the scalar parameters of travel probability fields are related in a straight forward manner to aggregate travel demand parameters of mean trip speed and mean trip length. In particular the relationship of centroid distance and standard distance with speeds for the corridors in Washington DC were highly significant and statistically  similar. It was concluded that the speed appears to be a key variable in understanding interaction between travel demand and urban structure.

Mingxin (1988) in his study based on travel data for zones in Derby and Liverpool observed that there was a general tendency for the centroid distance and the standard distance to increase with travel speed and trip length. These results were consistent with the theory that the parameters of travel probability fields are directly related to the travel variables. 
Schonfelder (2001) in his study observed that there is a high correlation between the relative location of the household within city structure and some of the travel behaviour indicators. He confirmed that higher densities (caused by higher distance of locations from the city centers) are related to more non motorized travel and especially to less disperse realized action space which may be interpreted as a more sustainable mobility style for those living in core of city.

Schonfelder (2003) in his study using 1999 Mobidrive six week travel diary data observed that travelers of households with locations on edge of the cities show considerable more dispersed activity spaces than more central households for both weekdays and weekends he also concluded that temporal variations within the week and specific traveller’s attributes such as occupation as well as fixed commitments also influence the size of activity space. Employed respondents have larger activity spaces during the working week compared to retired, students etc. and there is equalization between the socio-demographic groups for the weekend days.
From the above review of research findings it can be inferred that there are distinct similarities in household travel behaviour across cities in developed and developing environment. In particular speed appears to be key variable in understanding interaction between travel demand and urban structure.

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. Conclusions
This research on travel probability field was an attempt to have a better understanding of the nature of urban travel in order to improve transportation planning techniques in a city of developing country like India. It is concluded that travel probability fields is a useful concept in understanding travel behavior of households in relation to their location and the opportunities available. In particular the relationship between scalar parameters of travel probability fields such as centroid distance and standard distance with travel demand parameters such as speed, trip length etc. observed in the present study are consistent with results obtained in cities of developed countries. The findings from the research provides a useful insight into the relationships between travel behaviour of households and their socio-economic characteristics along with the physical attributes of area under consideration.
Some of the potential application of this research can be in the following areas:

· Travel Behavior Research: As discussed, these fields can serve as a useful tool to understand travel behavior. Also, it can help understand the household location process useful in urban planning

· Transport systems planning: The travel probability fields can help in identification of need based transport systems by identifying the disadvantaged group with low search areas. It can also evaluate the sensitivity of travel patterns to transport system policies of subsidization, introduction of new modes etc

· Urban Structure Planning: The impact of variables of urban form observed on travel fields can help understand the existing and potential direction of development. Since it captures information beyond that captured by aggregate non-spatial characteristics, it can help in detailed evaluation of urban form and can also evaluate the inequalities in location of opportunities. Further, this research might indicate ways by which transportation requirements could be minimized in the redevelopment of older urban complexes, as well as in the planning for new areas.
In order to exploit the true potential of the concept of travel probability fields 
there is a need to carry out more empirical studies in other cities of India to assess the relationships analysed in the present study across different geographical settings and check transferability of various parameters across space.
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