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Abstract
The objective of the study reported herein was to shed some light on transport characteristics of rural areas in Iran. For selected agriculture and livestock based economy villages relevant transport information was gathered and analyzed. The villages presented typical farm based economy with rural community populations in the range of 500 to 2500 persons. Socio-economic and trip information was gathered through a home based interview survey. The collected data and other relevant accessible information were analyzed to determine rural transport patterns. The trip purpose, generation, distribution and mode choice patterns were found to be significantly different as compared with urban areas. 

Introduction

Growth with equity has become the avowed goal of planning, calling for a new concern in adequacy of rural development (Barwell et al, 1985). In developing countries, rural inhabitants constitute a substantial portion of the population, entailing more attention to their settlements. Transport plays a key role in promoting rural economy and alleviating poverty. Indeed, development of rural settlements should be integrated into national policies to assure harmonious and all-inclusive development (Doran, 1996; Essakali, 2005). The rural poor often have extremely limited accessibility and mobility beyond their immediate settlement due to geographical isolation and the high cost of motorized transport. In many rural communities, lack of access or feeder roads has often recognized as the main cause of economic and social isolation (Cook, 2005; Vasconcellos, 1997). Rural communities in developing countries have different transport needs when compared with their counterpart urban communities. The efficacious transport service and infrastructure developments in rural areas are unattainable without due consideration of their distinctive transport demand and supply patterns. Insufficient infrastructure, unreliable services, low vehicle numbers and vehicle diversity, as well as poor integration of resource allocation and planning are key factors explaining high rural transport costs and service gaps (ARTS, 2002; Howe, 1997). 

Transportation studies in developed countries have a long history, focusing more in urban areas. Similarly, in Iran and most of other developing countries past transport studies were more targeted toward urban than rural areas (Aashtiani and Poorzahedy, 1995; Starkey et al, 2002). As economic and political power centers often reside in cities, less attention was dedicated to rural communities. Replicating from developed countries, in the developing country’s urban transport studies, often trip generation, trip distribution and mode choice stages provided inputs for traffic assignment stage where demand and supply were crossed to estimate the network link flows (Kanafani, 1983). In these studies, freight and passenger trips often were incoherently analyzed. Furthermore, intra and inter urban transport often were separately studied. These were extensive resource consuming studies comprising of the laborious data collection and costly model building stages. Similar to few developing countries, limited rural transport studies have been undertaken in Iran focusing more on developing programs for construction and maintenance of rural access roads (Aghayan, 1998; Lopez, 2003, Presada, 2003). Consequently, less attention has been devoted to study transport patterns and needs of rural inhabitants. 

Iran, as a Middle East developing country, has an area of 1,648,000 square kilometer of which 15% is arable, 8% is forest, 47% is natural pasture and the remaining 31% is infertile land and desert. In year 2000, its GDP per capita was around $2000, its population was 64 millions of which 40% was living in rural areas (World Bank, 2003). Iran is consisted of 30 geographical provinces or states. Throughout the country, rural population is residing in more than 50,000 villages dominated by agriculture and livestock based economy with prominent concentration in the agro-climatic zone. Economic and cultural composition varies across these villages; nevertheless, many behavioral and social similarities exist throughout the country. In 2006, the inter-city and inter-rural roads were more than 180 thousand km of which 40% was paved. Iran had more than 11 million motor vehicles of which 3 million were motorcycles. Automobile and other motor vehicles were less owned or used by rural population. 

Transport characteristics of rural areas are not known with any precision in Iran when efficacious transport is a pivotal ingredient in rural vivacity, welfare production and commercialization. It is often believed by transport professional that rural areas have less access to transport infrastructure and services (Aghayan, 1998). The objective of the study reported herein was to shed some light on rural transport in Iran and to provide insights for transport patterns of typical Iranian villages. For selected farm based economy villages, relevant transport information was gathered and analyzed. The similarities and differences of village trips in connection with trip purpose, generation, distribution and mode choice patterns as compared with counterpart urban areas were identified. Although the study findings are based on a limited database and are location specific, the deployed methodology can be applied to identify and describe transport of rural areas in other regions.

Data collection

Due to very limited study resources, the study scope was confined to information gathering for a few typical villages that pertinent and comparable urban transport data already existed (Aashtiani and Poorzahedy, 1995). The capital of Esfahan State is the historic Esfahan City. It is the nation’s second most populous city with a population of more than 2 million. It is among the few large cities for which comprehensive urban transport studies have been undertaken and quality database has been produced. Esfahan State is an economically strategic state with a population of more than 4 million. It is located in central part of Iran with favorable climate for livestock and agricultural activities. It has an area of 108026 square km. Its average annual temperature and rainfall are 18 C and 15 cm, respectively. Esfahan State has more than 1000 villages with farm-based economy allocating 30% of its population. It has 120 “central” villages with favorable health and educational facilities. With consultation of Esfahan State officials and professionals of Ministry’s of Transport and Agriculture, due to very limited study resources, 5 out of the 120 “central” villages were finally selected for detail study. The village screening and selection criteria include: being farm-based, having more than 100 households, having moderate climate, having moderate distance to cities, being less influenced by industrial complexes and centers. The selected villages were Eslamabad, Dashti, Ghortan, Molajerd and Monshiyan located within 150 kilometers radius of Esfahan City. They presented typical farm based “central” villages with moderate climate.

The study database was developed using information collected from a home-based survey of the selected villages. Due to very limited study resources, a low-cost method was developed and deployed in this study. As the study results perceived to enhance villages’ economy and transport, their public schools voluntarily participated in the data collection. The villages’ 12-16 year old students carried out the home interview and questionnaire completion. These students were trained by their teachers to interview at night their family members and the members of the right-hand-side neighboring family, regarding the trips they made during the same day. The neighboring families were also chosen such that they did not have any interviewing student. Only one questionnaire was completed in families with more than one student. In 10 schools, more than 20 teachers trained more than 200 students in filing and collecting the questionnaires. To encourage and enhance data collection by students, a prize was announced to be given to the best interviewing student at each school, judged by the quality of returned questionnaires. A relevant questionnaire with consultation of local officials and professionals of Ministry’s of Transport and Agriculture was developed. To facilitate questionnaire completion, an instruction sheet was also prepared and attached to each questionnaire. 

The deployed questionnaire was translated from native language Farsi, and is shown in Table 1. The collected information consisted of three sections, namely, household socio-economic information, household trip information, and household suggestions and comments of village transport problems. The household data consisted of information on all members, their sex, age, education, occupation, vehicle ownership, farm land ownership, livestock ownership, irrigation, agricultural, livestock, crop, storage and farm machinery. The trip data consisted of travel information, in the survey day, for the household trip making members including the time, duration, purpose, origin and destination, carrying load and mode of the trips. On the questionnaire, a third section was devoted for household personal comments and suggestions regarding village transport problems and solutions.

Database development

For the selected villages, on a working day of April 2006, the trained students surveyed 368 households with a total population of 2080 persons. The completed questionnaires were collected and reviewed. For data entry and database preparation, the completed questionnaires were manually coded. Their errors were identified and if possible corrected. 

Using Microsoft-Access software, the study database was developed. The questionnaires and other relevant accessible information of centralized databases were the sources of the study database development. The developed database consisted of 5 major Access tables, namely, Household, Person, Trip, Crop and Comments tables.  The compiled data on each of the 5 tables was related to the table name. For example, the Household table had information and codes regarding household name and address, survey date, village name, farm land ownership and address, transport vehicles, farm machineries, livestock and irrigation. 

For individual villages as well as all the 5 villages together, the uni-variate statistical analysis showed interesting results. The database variables’ mean values were often not significantly different among individual village at a level of significance of 0.05. A summary of the key database socio-economic and transport variables descriptive analysis is shown in Table 2. The table shows the variable’s name, description, dimension, mean, standard deviation, and coefficient of variation. The study variable names consisted of 4 alphabets, for example, HSMM, is the household members, as “H”, “S” and “MM” reflecting information regarding household, socio-economic and members. For all the surveyed households, the mean for members was 5.65 persons per household consisting of 49.34 percent females, 41.59 percent with occupation, 4.08 percent illiterates and 3.90 percent university graduates. The mean values for livestock numbers per household were 0.84 cows and 4.63 sheep. More than 68 percent of the households owned farming land. The mean values for vehicles per household were 0.22 autos, 0.14 pickups, 1.32 motorbikes, and 0.58 bicycles. The mean values for the household number of trips, its length and duration were 6.15 trips, 9.36 kilometers and 22.65 minutes, respectively. More than 37 percent of the household trips, with a mean duration value of 42.91 minutes, had destination outside their resident village. The outside village trips were more than 3 times longer in duration and length when compared with the inside village trips. The analysis revealed significant differences between inside village and outside village trips. More than 37 percent of the household trips had carrying loads with the mean value of 30 kilograms and a range of 1 to 40000 kilograms. Carrying load was a significant factor for village trips. As shown in Table 2, for all the villages, the selected database variables showed significant variability as reflected by the coefficients of variation in the range of 0.22 to 3.16. Farm land ownership and average distance to work showed the lowest and highest coefficients of variation, respectively. 

A significant portion of the individual household comments regarding village transport issues was similar emphasizing on insufficiency or lack of appropriate public transport, freight transport for village crops and harvests, farm machinery, rural access roads to and between villages and farm lands, village management center and its resource allocation, traffic control systems for within and outside trips, village streets and alleys, gas stations, transport for disadvantaged, transport safety features and measures, health and educational facilities, shopping and recreational facilities. 

Comparison of village with urban transport

Esfahan City is among the few large cities in Iran for which comprehensive urban transport studies have been undertaken and quality database has been produced. The study villages of Eslamabad, Dashti, Ghortan, Molajerd and Monshiyan are located within 150 kilometers radius of Esfahan City. They present Esfahan State typical farm based “central” villages with moderate climate. Table 3 summarizes some key village transport features for which relevant Esfahan urban data are also shown (Aashtiani and Poorzahedy, 1995). Comparisons of village with urban data show their differences and similarities. 

In the last column of Table 3, the ratio of the village transport variables to pertinent urban transport variables is shown. For the selected villages when compared with the Esfahan City, the automobile ownership was less than half and the pickup ownership was twice. Also, the motorbike ownership was more than five times and the bicycle ownership was the same. Trips by vehicles were significantly different when the selected villages were compared with the Esfahan City. The household average daily trips by vehicles for the villages were less than half when compared with Esfahan City. The distribution of trip purposes was roughly similar, but more for school and visiting trips and less for shopping and recreation trips. Modal split was significantly different when the selected villages were compared with the Esfahan City. Trips by motorbike and bicycle were more, where as by automobile, bus, minibus and taxi were significantly less, when the selected villages were compared with the Esfahan City. Walking was the major mode of inside village trips. The last column shows a range of 0.07 to 5.75. In summary, non-motorized transport played a more significant role in village transport. Automobile and public transport was less used in the villages. 

Multivariate analysis

To develop an understanding of the interrelationship among database variables, as a first, pair-wise correlation analysis was performed. The size of correlation matrix prevented their display herein. The correlation matrix revealed a number of interesting patterns and was found useful in subsequent analyses and modeling. Many pairs of variables were found correlated at a level of significance of 0.05. The transport variables with significant correlations were: trip purpose with trip maker occupation, mode choice, trip carrying load, and trip starting time; mode choice with trip maker occupation, trip carrying load, trip starting time, and crop type; trip carrying load with trip starting time; crop type with mode choice, farm machinery and trip destination.    

Using SPSS statistical software, the database and the results of correlation analysis, several mathematical relations predicting trip production, trip distribution and mode choice were developed and evaluated. As expected, the developed relations showed that models for inside village trips were significantly different from models for outside village trips. 

Several trip production models were developed and evaluated. The multiple linear regression models were found most suitable for predicting household trip production. Examples of trip production models with significant t and f statistics at a significant level of 0.05 are Equations 1 and 2:

HTTT = 2.32 + 0.60*HSWK + 1.95*HSPU + 1.1*HSAT                (1)
As in Table 2, HTTT is household daily trips, HSWK is household members with occupation, HSPU is the number of household pickups and HSAT is the number of household bike. The coefficient of determination of this model was 0.32. 

HTTO = 1.13 + 0.48*HSWO + 1.26*HSPU
 

 (2)

As in Table 2, HTTO is the household outside village daily trips, HSWO is household members with occupation outside village and HSPU is the number of household pickups. The coefficient of determination of this model was 0.65. Equations 1 and 2 showed that for the selected villages, pickup and bike are more used than car in contrast to urban areas. This could be due to significance of freight transportation is villages. Occupation also played a significant role on daily trips as the survey reflected workdays. 
Different trip distribution models were developed and evaluated. The database samples were not sufficient to calibrate proper trip distribution models for outside village trips. The inside village trip distribution was found sensitive to zonal definition for the villages. The inside village trip distribution between the defined zones was best determined with multiplicative models. In other words, multiple linear regression models were found most suitable for predicting trip distribution when the variables were converted to their logarithmic form. The developed models’ statistically significant independent variables were often three types, namely, variables related to the origin zone, variables related to the destination zone, and the travel time or distance variable between the two zones. The variables related to the origin zone were the number of its residents, total number of members for the zone’s households, and its residents with occupation. The variables related to the destination zone were the number of its residents, total number of members for the zone’s households, and its residents with occupation. The coefficient of determination of the developed multiplicative model had a range of 0.35 to 0.70.

For mode choice analysis, the key influencing variables were determined. Table 4 summarizes the mode choice study, identifying variables with statistically significant correlation. The inside village trips showed significantly different mode choices when compared with the outside village trips. Walking was found as a major mode for inside village trips, and often influenced by trip purpose. Type of vehicle ownership influenced inside village mode choice, and men mostly chose bicycle, pickup and motorbike. For outside village trips, bus and trucks played a more significant role. Trips with long duration often were made by bus or trucks. As for inside village trips, type of vehicle ownership influenced outside village mode choice and men mostly chose truck, pickup and motorbike. Carrying load was an influencing factor for choosing truck, bus, motorbike or pickup. In summary, mode choice was greatly influenced by the trip making gender, vehicle ownership, carrying load, trip purpose and being inside or outside village trip. Disaggregate choice models are being evaluated when the models will be developed in near future. Nevertheless, village residents did not have variety of choices for their trips. For example, those with carrying load either used pickup or motor bike, depending on their vehicle ownership. 
The multivariated analysis revealed the key factors for the selected village travel patterns, when vehicle ownership found to play a significant role. 
Conclusions

The study reported herein was a preliminary step toward characterizing rural transport in Iran. For few typical villages, socio-economic and trip information was gathered through a very low cost home-based interview survey technique. The selected villages were located at the agro-climatic zone of the country. The collected data and other relevant accessible information were analyzed to determine rural transport patterns. The trip purpose, generation, distribution and mode choice patterns were found to be significantly different as compared with pertinent urban areas. The freight and passenger trips were found to be significantly inter-reliant and often simultaneous. Non-motorized transport, and especially walking, played a significant role in providing intra-village accessibility. External village trips and linkages relied more on motorized transport. Inadequate public transport and freight transport were found as major impediments. Inside village trips showed significant differences with the outside village trips in connection with trip purpose, production, distribution and mode choice. Village residents expressed that they have inadequacies in their public transport, freight transport for village crops and harvests, farm machinery, rural access roads to and between villages and farm lands, village management center and its resource allocation, traffic control systems for within and outside trips, village streets and alleys, gas stations, transport for disadvantaged, transport safety features and measures, access to health and educational facilities, access to shopping and recreational facilities. Consideration of these issues in rural development can greatly enhance selected villages’ economy, welfare and livelihood. Indeed, the awareness and characterization of rural transport are conducive to rural mobility and accessibility enhancement. National transport policies should incorporate rural transport issues to assure harmonious and all-inclusive development across the nation. Although the study findings are based on a limited database, the methodology can be applied in other regions for addressing pertinent rural transport issues. As economic, social and cultural differences can vary greatly across regions, countries, provinces, or even among villages within the same province, it is often necessary to undertake surveys in order to capture accurate pictures of rural transport needs. This study offers a very low cost survey technique of collecting relevant information to enhance rural transport.
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Table 1. Sample questionnaire.

	Rural Transport Household Questionnaire

	Village name:…………………      

Survey date:…………………….

	Section A: Household information

Household name and residence address…………………………………………

	Member
	Name
	Sex
	Age
	Education
	Occupation
	Occupation address

	
	
	
	
	
	
	

	Transport vehicle
	Farm machinery
	Livestock

	Type
	Number
	Type
	Number
	Type
	Number

	
	
	
	
	
	

	Farm ownership and address:…………………………………….

	Irrigation method…………………………………………………

	Crop
	Type
	Period
	Farm machinery
	Transport Vehicle
	Harvest destination

	
	
	
	
	
	

	Section B: Today household trips



	Trip no.
	Name
	Starting time
	Origin
	Destination
	Purpose
	Mode
	Duration
	Carrying load
	Weight

	
	
	
	
	
	
	
	
	
	

	Section C: Comments and suggestions



	What are the main transportation problems of your village?………………………………………………………………….

Give your suggestions to solve these problems……………………………………………………………………….……….




Table 2: Descriptive analysis of socio-economic and transport variables.

	Variable
	Description
	Dimension 
	Mean 
	Standard deviation
	Coefficient of variation

	HSMM
	Members 
	Persons 
	5.65
	1.81
	0.32

	HSMF
	Females 
	Percent
	49.34
	12.32
	0.25

	HSWK
	Members with occupation 
	Persons 
	2.35
	1.56
	0.66

	HSST
	Students 
	Persons
	1.83
	0.92
	0.50

	HSAG
	Average age 
	Years
	26.48
	10.51
	0.41

	HSIL
	Illiterates 
	Percent
	4.08
	1.31
	0.32

	HSUG
	University graduates 
	Percent
	3.90
	1.21
	0.31

	HSWD
	Average distance to work 
	Kilometers
	8.46
	26.77
	3.16

	HSWO
	Working outside village
	Persons
	0.57
	0.15
	0.26

	HSCO
	Cows 
	Animals
	0.84
	1.82
	2.17

	HSSP
	Sheep
	Animals
	4.63
	9.67
	2.09

	HSFO
	Farm land ownership
	Percent
	68.27
	15.14
	0.22

	HTTT
	Daily trips
	Trips
	6.15
	3.40
	0.55

	HTTO
	Trips destined outside village
	Trips
	2.29
	1.02
	0.45

	HTTS
	Trips destined outside state
	Trips
	0.19
	0.05
	0.26

	HTDS
	Trip distance
	Kilometers
	9.36
	16.33
	1.74

	HTDO
	Outside village trip distance
	Kilometers
	27.64
	27.07
	0.98

	HTTD
	Trip duration
	Minutes
	22.65
	18.30
	0.81

	HTID
	Inside village trip duration
	Minutes
	12.02
	4.24
	0.35

	HTOD
	Outside village trip duration
	Minutes
	42.91
	30.98
	0.72

	HTTL
	Trips with carrying load
	Percent
	37.36
	12.27
	0.33


Table 3. Comparison of Esfahan transport characteristics for village and urban areas. 

	Variable
	Description
	Dimension 
	Mean for Esfahan City
	Mean for Esfahan villages 
	Village to

City ratio

	HSMM
	Persons per household
	Persons
	4.2
	5.65
	1.35

	HSAT
	Auto per household
	Vehicle
	0.46
	0.22
	0.48

	HSBK
	Bicycle per household
	Vehicle
	0.54
	0.58
	1.08

	HSPU
	Pickup per household 
	Vehicle
	0.07
	0.14
	2.01

	HSMB
	Motorbike per household
	Vehicle
	0.26
	1.32
	5.08

	HTTV
	Trips by vehicle per household per day
	Trips
	7.39
	3.32
	0.45

	PTTV
	Trips by vehicle per person per day
	Trips
	1.80
	0.59
	0.33

	PTTW
	Work trips
	Percent
	34
	36
	1.06

	PTTS
	School trips
	Percent
	24
	29
	1.21

	PTTP
	Shopping trips
	Percent
	14
	10
	0.71

	PTTI
	Visiting and social trips
	Percent
	9
	13
	1.44

	PTTM
	Medical trips
	Percent
	4
	3
	0.75

	PTTR
	Recreation trips
	Percent
	3
	2
	0.66

	PTTO
	Other purposes trips
	Percent
	12
	7
	0.58

	PTMA
	Mode split for auto trips
	Percent 
	27
	14
	0.52

	PTMT
	Taxi trips
	Percent
	27
	2
	0.07

	PTMB
	Bus trips
	Percent
	17
	10
	0.59

	PTMM
	Minibus trips
	Percent
	4
	3
	0.75

	PTMK
	Motorbike trips
	Percent
	9
	14
	1.56

	PTMC
	Bicycle trips
	Percent
	8
	11
	1.38

	PTMO
	Trips with others modes
	Percent
	8
	46
	5.75


Table 4. Mode choice key explanatory variables.

	Mode choice
	Significantly correlated explanatory variables



	Inside village trips

	Walking
	Education trip purpose 

Recreation trip purpose

Visiting trip purpose

Shopping trip purpose

Carrying load

	Bicycle
	Male gender

Bicycle ownership

	Motorbike
	Male gender

Motorbike ownership

Working trip purpose

Carrying load

	Pickup
	Male gender

Pickup ownership

Working trip purpose

Carrying load

	Automobile
	Automobile ownership

Working trip purpose

Visiting trip purpose

	Outside village trips

	Bus
	Education trip purpose

Health trip purpose

Carrying load

Trip duration

	Truck
	Male gender

Truck ownership

Working trip purpose

Carrying load

Trip duration

	Motorbike
	Male gender

Motorbike ownership

Working trip purpose

Carrying load

	Pickup
	Male gender

Carrying load

	Automobile
	Automobile ownership

Visiting trip purpose

Recreation trip purpose 
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