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Abstract

This study examines the role of transportation investment in regional economic

development of Bangladesh and compares its effectiveness with respect to other input

parameters. The investment pattern and criteria under which resources are allocated

among competing sectors and projects might have created investment bias towards

already developed regions and resulted in economic inefficiency. Data Envelopment

Analysis (DEA) technique is used to examine the economic efficiency of investment in

transportation infrastructure development. National investment policy appears to be

inclined for more investment in the comparatively more developed regions under the

pretext of higher aggregate production, while investments in infrastructural development

of less efficient regions seem to be more effective by providing higher rate of retum.

Data Envelopment Analysis (DEA) methodology is suggested in this research to assess

the benefits of transportation infrastructure and system in regional economic

development. The purpose of this research is to examine how transportation

infrastructure and system affects the regional economic development of Bangladesh,

one of the least developed countries in the world. The research focuses on the

determination of relative economic efficiencies of 20 greater districts (administrative

divisions) of Bangladesh and the role of transportation on the differences in economic

efficiency among the districts.

DEA is a linear programming based technique for measuring the relative performance of

organizational units where the presence of multiple inputs and outputs makes the

comparison difficult. It computes a scalar measure of efficiency and determines efficient

levels of inputs and outputs for the organizations under evaluation. Since its introduction

in 1978, DEA has been used to evaluate the efficiency of entities which are responsible

for utilizing resources to obtain outputs of interest. It has been used to evaluate activities

as varied as public schools, hospitals, health facilities, natural gas distribution utilities,

and real-property maintenance, etc.

iii



To calculate the relative efficiencies of different districts, total area which include

agricultural land, population, industrial asset and accessibility index (as a measure of

transportation infrastructure and system) is used as inputs and the primary, secondary

and tertiary sectors of GOP is considered as outputs in this study. The Accessibility

Index is calculated from the existing transportation network of the country. The weights

of the inputs, outputs together with the relative efficiency explain the role of the inputs,

specifically the role of transportation in the zonal economy. It is possible to know, with

the existing transportation infrastructure and system, which districts are producing

efficiently and in which districts the lack of transportation infrastructure is acting as a

barrier in further efficient utilization of the existing natural and other resources. The

research also gives the target outputs for efficient economic activity for the lagging
regions I districts of the country.

Initial analyses of the study show that most of the zones perform inefficiently thereby

causing imbalance in input factors of production and wastage of resources. It also

identifies couple of areas where production efficiency is severely constrained by lack of

accessibility. Such areas include Chiltagong Hill Tracts, Patuakhali, Oinajpur, Bogra,

Pabna. The analysis also suggests that investment for improving accessibility in Tangail,
Jamalpur, Faridpur and Chiltagong will be beneficial.

Analysis of efficiency on the basis of sectoral production suggests that the regional

economy is still primarily dependent on agricultural sector. Although service sector plays

significant role in few zones, the role of manufacturing sector is very insignificant. In

many zones where industrial and service sector is the driving force in economic activity,

there exists scope for investment in transportation sector with relatively higher marginal
rate of retum.

In this study, the OEA method is also extended to capture the dynamic relationship

between transportation investment and economic development. It is observed that there

exists a lag of about three years between the marginal investment in transportation and
the fOllowing economic development.
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Chapter one

Introduction

1.1 General

Identification of the need and the effect of transportation infrastructure investment are

particularly important when development resources are scarce. This is true especially in

the context of a developing country and/or region. From the perspective of the decision

makers it involves identification and assessment of the need for infrastructure

development, accurate estimation of the need that allows for effective budgeting and

financing of the projects, informed decisions while evaluating individual projects, and

above all a balanced distribution of resource and efficiency through incentives for

competition. All these aspects have generated considerable research interest in the

analysis of investment needs and optimal allocation of resources. Usually economic

performance is at the core of the investment decisions. Performance of invested

resources is usually measured by an efficiency factor, which is the ratio between output

and input factors of production. In the case of investment in infrastructure for

development the output factors are usually expressed in different forms of aggregate

production and the input factors include natural resources, land area, population, and
accessibility.



Transportation is considered to be one of the most important infrastructure components

influencing production. For this reason there exists considerable pressure for investment

in the transportation sector. Transportation improvements affect both economic

development and productivity. Pure economic development effects are usually regional

in nature and result from improved access to labor pools or to larger markets (NCHRP,

1998). While considering the economic development of different regions of a country,

transportation infrastructure and the overall system may play a significant role in

removing regional economic disparities. Within the same country and under the same

development policies, significant role for transportation implies that regions with better

transportation infrastructure will have better access to the locations of input materials

and markets and thus will be more productive, competitive and hence more successful

than regions with inferior transportation accessibility (Vickerman et aI., 1995). Better

accessibility and mobility also plays a significant role in human resource development of
a region.

In the context of Bangladesh, examining the role of transportation investment in regional

economic development of the country and comparing its effectiveness with other input

parameters is very important. This is because of the fact that investment pattem and

criteria under which resources are allocated among competing sectors and projects

might have created investment bias towards already developed regions and resulted in

economic inefficiency. This study is devoted to estimate efficiencies of 20 greater

districts, considered as Decision Making Units (DMU), of Bangladesh, then analyze

effect of accessibility on the efficiencies of the DMU's, and finally recommend policies
on the investment decision for each of the DMU's.

1.2 Present State of the Problem

In the US, one percent increase.in the nonmilitary public capital stock (16 billion dollars

in 1985) is estimated to result in a rise in the corporate profit rate of 10 basis points

(1/10 of one percentage point) (Aschauer, 1990). Streets and highways, water supply,

sewerage and publicly owned electricity and gas facilities, which constitute over half of

the total public capital stock in 1990 in US and Streets and highways represent almost

61% of the core infrastructure in 1990. The differences in levels of infrastructure
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spending might also be capable of partially explaining the cross-country differences in

productivity growth (Beihl, 1986). Japan has invested 5.1% of output in public facilities

and achieved productivity growth of 3.1% per annum, while the US has had a low public

investment ratio of 0.3% and inferior productivity growth of 0.6% per annum.

Concentrating on only the effect of transportation infrastructure, it is demonstrated that

due to increase in paved roads and rural road density aggregate crops output increases
by 0.26% and 0.12% in one developing country (Emmanuel, 1995).

In context of the developing countries like Bangladesh, national investment policy

appears to be inclined for more investment in the comparatively more developed regions

under the pretext of higher aggregate production. On the other hand, investments in

infrastructural development of less efficient regions seem to be more effective by

providing higher rate of return. Hence, there exists scope to examine the role of

accessibility, provided by multi-modal transportation facilities, in aggregate efficiency of
production of different regions.

The study of the role of transportation investment is particularly important for
Bangladesh, because during the last couple of decades transportation attracted more

than twenty percent of national investment - most of which is concentrated in road

transportation sector. In addition, it is obseNed that there exists severe disparity in the

spatial distribution of this investment. Although this investment has increased aggregate

production in many areas, its relative effectiveness and marginal rate of return of the
input factors requires further investigation.
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1.3 Objectives of the Study

The preliminary aim of this study is to develop a tool for studying interrelationship between

transportation and economic development. The specific objectives of the study can be
summarized as follows -

• To develop a methodological framework to correlate transportation facilities with
regional economic efficiency.

• To analyze the relative role of transport infrastructure, with respect to other
resources, in regional economic efficiency in Bangladesh.

• To assess the impact of transportation investment on regional economic
development.

1.4 Brief Outline of the Methodology

When the production function of the fully efficient firm is not known, e.g. while measuring

efficiency of investment for a particular region, the efficient frontier must be estimated

using the sample data on the basis of either Mathematical Programming Approach or

Econometric Approach. The Econometric Approach attempts to determine the absolute

economic efficiency of organizations against some imposed benchmark. Reasoning

regarding the random errors observed in the economic approach has led to the

development of Deterministic Frontier Approach assuming that all deviations from the

estimated frontier represent inefficiency. On the other hand, the Stochastic Frontier

Approach seeks to take the external factors into account when estimating the efficiency

of the real world organizations. The Mathematical Programming Approach is

nonparametric and non-stochastic in nature. Therefore, no accommodation is made for

the types of bias resulting from environmental heterogeneity, extemal shocks,

measurement error and omitted variables. Consequently, the entire deviation from the

frontier is assessed as caused by inefficiency. The mathematical programming

approach attempts to evaluate the efficiency of an organization relative to other

organizations of the same industry. The most commonly used version of this approach

is a linear programming method referred to as Data Envelopment Analysis (DEA).

Efficiencies measured by DEA are relative efficiencies rather than absolute efficiencies.

This technique is used for measuring the relative performance of organizational units

4
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where the presence of multiple inputs and outputs makes comparisons difficult. DEA

computes a scalar measure of efficiency and determines efficient levels of inputs and

outputs for the organizations under evaluation. DEA found its way to transportation

analysis in a variety of assessments and it has been used in benchmarking of railways

(Tsamboulas and Frangos, 2003), aviation and airport performance assessments

(Humphreys and Francis, 2000; Saffarzadeh and Bahramian, 2002), and public
transportation systems evaluations (Karlaftis, 2000).

A common measure for relative efficiency is given by the ratio of the weighted sum of

outputs and weighted sum of inputs. It is assumed that under a given production

process each Decision Making Unit (DMU) will optimize its efficiency under the

constraint of availability of input factors. Consequently, for a known input-output volume,

the efficiency equation becomes an optimization problem. Here the solution produces

weights, which are most favorable to each unit and provides a measure of efficiency.

Charnes, Cooper and Rhodes (abbreviated as CCR) version of DEA model is a

fractional linear program that can be used to measure the efficiency. To solve the

model, it is converted into a linear form so that the methods of linear programming can

be applied. The efficiency of the target unit in a set can be obtained by solving the later

model. The solution to this linear program provides a measure of the relative efficiency

of the target unit and the weights leading to that efficiency. These weights are the most

favorable ones from the point of view of the target unit. To obtain the efficiencies of the

entire set of units, it is necessary to solve a linear program focusing on each unit in turn.

This search procedure will terminate when either the efficiency of the target unit or the

efficiency of one or more other units hits the upper limit of 1. Thus for an inefficient unit

at least one other unit will be efficient with the target unit's set of weights. Input data of

these efficient units, known as the peer group for the inefficient unit, are to be scaled in

such a way so that each peer unit may use no more of an input than the inefficient unit.

The solution to the DEA model thus provides a relative efficiency measure for each unit

in the set, a subset of peer units for each inefficient unit, and a set of targets for each
inefficient unit.

In the context of Bangladesh, the data for the former 20 districts can be analyzed using

DEA considering each district as an individual production unit. Each district may be

assumed to be an individual production unit, utilizing its land, labor and capital to
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produce output. To calculate the relative efficiencies of different districts, total area I

agricultural land area, population density, industrial asset and accessibility index (as a

measure of transportation infrastructure and system) may be used as inputs and the

primary, secondary and tertiary sectors of GOP may be considered as output. The

Accessibility Index may be calculated from the existing transportation network of the
country.

1.5 Scope of the Study

Although Aschauer (1990, 1993) and Vickerman et aJ. (1995) discussed the role of

transportation on aggregate production, those studies did not explicitly examine issues

like relative efficiencies and imbalance in input factors. The spatial variation of input

resources and observed distribution of outputs provide a potential context for analyzing

economic efficiency through the application of Data Envelopment Analysis.

During the analysis using DEA, the weights of the inputs and outputs together with the

relative efficiency may explain the role of the inputs, specifically the role of

transportation in the economy of the zones. It may be possible to know, with the existing

transportation infrastructure and system, which districts are producing efficiently and in

which districts the lack of transportation infrastructure is acting as a barrier in further

efficient utilization of the existing natural and other resources. The research may also

give the target outputs for efficient economic activity for the lagging regions I districts of
the country.

A set of policy recommendations may also be the outcome of the research. The

recommendations could cover such areas as the requirement of transportation

infrastructure or enhancement of transportation services at different regions, the

requirement of other infrastructures at different regions, which sector of the regional

economy need to be emphasized in future, etc. By identifying and measuring the role of

transportation in regional economic efficiency, the analysis may assist in assessing the

requirement of regional investment in transportation sector among various competing

sectors demanding resources and selling priority within transportation sector. Thus the

research might as well form the basis of an integrated national transportation plan for
the country.

6



1.6 Organization of the Thesis

The thesis consists of five chapters.

The second chapter discusses the correlation between transportation investment and

regional development. It also discusses the transport infrastructure and macroeconomic
framework of Bangladesh.

The third chapter discusses the analytical framework of the study. Data Envelopment

Analysis approach is discussed in details in this chapter.

The fourth chapter discusses the details of data collection and the analysis of the
results.

The fifth and last chapter of the study contains the concluding remarks on the findings of

the study. It also focuses on the implementation of the results of the study. In addition,

the chapter provides directives for future research on the topic.

A flow chart showing the organization of the thesis is presented in Figure 1.1.
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Literature Review:

• Relationship between Transport Investment and Economic Growth

• Research on the Role of Public Infrastructure on Economic Growth

• Assessing the Efficiency of Transportation Sector Investment

,
Study Design and Methodology:

• Data Envelopment Analysis

• Measurement of Efficiency

• DEA Models to measure Efficiency

Data Collection and Analysis:

• Data Collection

• Data Analysis

• Analysis of the Results

••
Conclusions and Recommendations:

• Findings of the Study

• Policy Implications of the Study

• Recommendation for Future Research

Figure 1.1: Organization of the Study
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Chapter two

Literature Review

2.1 Introduction

This chapter presents a review of literature on factors of productivity growth in an

economic system and its relationship with infrastructure investment with special

emphasis on investment in transport sector. A literature survey of the documents on

relevant researches and studies has been performed and some of them are abstracted

in this chapter. A review of literatures reveals that, only a limited number of studies have

been accomplished on Bangladesh regarding this issue. Some ideas from this review

have been incorporated in the current study.

2.2 Relationship between Transport Investment and Economic Growth

It is well recognized that there is a positive correlation between public infrastructure

investment and private sector productivity (Aschauer, 1989). As transport sector

comprises a major portion of public infrastructure, transport sector investment has

considerable effect on economic growth of any country. The vast majority (about 85%)

of the non-military public capital stock in USA is owned by state and local governments.

Just over half of the total public capital stock is composed of core infrastructure, which

might be expected to function as an input to the private production function more closely

9



than does the total public capital stock. Of the categories of the core infrastructure,

streets and highways represent some 61% thus being the largest single category there.

To understand the effect of transportation investment on economic growth, one has to

consider the role of the government in an economic system as well as the inputs and

outputs of an economic system. Productivity growth and its relationships with the
regional economic development are also important in this regard.

2.2.1 The Role of Government in an Economic System

A perfectly competitive economy can make decisions on allocation of resources through

prices and markets and could squeeze the maximum amount of useful goods and

services out of the available resources using its invisible hand. But the market does not

always behave in an ideal fashion. Indeed, there has probably never been an absolutely

pure and perfect competitive market. Rather, market economies suffer from monopoly

and pollution, along with unemployment and inflation, and the income distribution in

market economies is sometimes found unacceptable. In response to these flaws in the

market mechanism, democracies have chosen to introduce the visible hands of the

government into the mixed economy. Governments replace markets by owning and

operating certain enterprises like the military, by regulating businesses like telephone

companies. The economic function of the govemment is to promote efficiency, equity,
and stability. Yet it is very difficult for the govemment to encourage the production of

public goods. Because private provision of public goods will generally be insufficient,

government must step into providing public goods. Thus, government has to expend its

income to purchase goods and services for the public (Aschauer, 1989).

2.2.2 Inputs of an Economic System

Inputs are commodities or services used by firms in their production process. Inputs or

factors of production can be classified into three broad classes - natural resources,

labor and capital. Natural resources and labor are often called primary factors of

production. A primary factor of production is one that is produced or given outside the

economy and not produced by the economy. Capital is a different kind of productive

factor. Capital is a produced factor of production, a long lived input, which is itself an

10



output of the economy. For example, a textile factory is built and then it is used to
produce shirts.

Natural resources represent the gifts of nature to the productive processes. They consist

of the land used for farming or for supporting houses, factories, roads, energy sources,
non-energy resources.

Labor consists of the human time spent in production. Thousands of occupations and

tasks, at all skill levels, are performed by labor. It is most crucial to an advanced
industrial economy.

Accessibility is the measurement of easiness regarding the transportation from one

place to another. Accessibility provides the means for agglomeration of input products to

produce the output. It is measured in terms of time, cost, safety issues of transportation
network.

Capital Goods form the durable goods of an economy, produced by the economy in

order to produce other goods. Capital goods include the countless machines, roads,

computers, hammers, trucks, steel mills, buildings, etc. Accumulation of numerous

specialized capital goods is essential to the task of economic development. The final

good portion of the capital is added in the output function of an economic system (GOP

or GNP), whereas the intermediary portion moves back to the input function.

Among all the capital goods in an economy, the physical capital goods are important in

economy because they help to increase productivity. In a market economy, capital is

generally owned by private firms and individuals who own the tools of production, and

capital income goes to individuals. The capital goods also have market value, and

people can buy or sell them for whatever price they will fetch. Capital goods can be

divided into two broad categories - public capital and private capital. Public goods

constitute the public capital stock, whereas private goods constitute the private capital
stock.

11



2.2.3 Outputs of an Economic System

Outputs consist of the array of useful goods and services that are either consumed or

used for further production. The most comprehensive measure of the total quantity of

production in an economy is the gross national product (GNP). GNP is the measure of

the market value of all goods and services produced in a country during the year. Gross

Domestic Product (GOP) is also used as the yardstick of output function of an economic
system.

The Gross National Product (GNP) is the most comprehensive measure of a nation's

total output of goods and services. It is the sum of the dollar values of consumption,

investment, government purchases of goods and services, and net export. GNP is the

sum of four major components as listed below.

1. Personal consumption expenditure on goods and services (C), plus

2. Gross private domestic investment (I), plus

3. Govemment expenditure on goods and services (G), plus

4. Net exports (X), or export minus imports.

GNP is also definable as a total of costs _

1. Wages, interest, rents and profit, plus

2. Indirect business taxes that do show up as an expense of producing the flow of

products, plus

3. Depreciation allowance.

Gross Domestic Product (GOP) is the sum of the things that are sold through the market

for a price. This is the sum of the gross value added by all resident producers in the

economy plus any taxes and minus any subsidies not included in the value of the

products. It is calculated without making deductions for depreciation of fabricated assets

or for depletion and degradation of natural resources. Transfer payments are excluded

from the calculation of GOP. Value added is the net output of an industry after adding up

all outputs and subtracting intermediate inputs.
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The GOP can be categorized, according to the sector from which they origin, into three
groups.

1. Agricultural Sector GOP

2. Industrial Sector GOP

3. Service Sector GOP

The difference between GOP and GNP is that, GDP covers goods and services within

the border of the country, whereas GNP covers goods and services produced by labor

and capital supplied by citizens of the country within the border or living in a foreign

country. In this study, GOP is considered as the yardstick of output function of the
economic system.

2.2.4 Productivity Growth

Productivity is the ratio of outputs to inputs. It increases when the same quantity of input

produces more output. On the other hand, efficiency means absence of waste, or using

the economy's resources as effectively as possible to satisfy people's needs and

desires. Productivity Growth is the rate of increase in productivity from one period to

another. While there are many potential mechanisms to raise productivity growth, most
turn on boosting the rate of capital accumulation - either tangible such as plant and

equipment, or intangible capital such as that generated by research and development

expenditure. The results of recent empirical research offer the possibility of a direct

channel by which fiscal policy can affect national investment and national productivity

growth. It has been recognized that the public infrastructure - consisting of streets and

highways, mass transit, water and sewer systems, and the like - should be considered

as a factor of production along with labor and private capital in the private sector

production process. It has also been recognized that public infrastructure spending can
increase a share of total output of a country.
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2.2.5 Relationship between Infrastructure Investment and Economic Development

Economic development and economic growth are not only a result of a proper

combination of private production factors such as labor and capital but also of

infrastructure in general and transportation infrastructure .in particular. Infrastructure

improvement leads to a higher productivity of private production factors, and reduction in
infrastructure leads to a lower productivity of the other production factors.

Infrastructure is the foundation on which the factors of production interact to produce

output. It is a social overhead capital that includes the services, without which primary,

secondary and tertiary production activities cannot function. In its wider sense, it

includes all public services from law and order through education and public health to

transportation, communications, power and water supply as well as such agricultural

overhead capital as irrigation and drainage systems (Emmanuel, 1995).

Public infrastructure has been considered as a factor of production along with labor and

private capital in the private sector production process. Government spending in

infrastructure building or improvement is considered as the increase in public capital

investment. Total infrastructure stock of a country is termed as Public Capital Stock.

This stock has been used in various empirical studies to link private sector productivity
with trends in public sector investment.

2.2.6 Relationship between Transportation Investment and Productivity Grow1h

The definition of transport covers the transport system (infrastructure - highways, inland

waterways, railways, pipelines, port facilities, airports, warehouses etc., transport and

related equipment), the providers of transport services (modes of transport, agents

using or operating the transport system) and the suppliers to the system, its users and

operators. Transport includes all activities related directly and indirectly to the use of

vehicles, vessels and aircraft and of related structures for the movement of goods and
passengers.

The relationship between transportation investment and economic development goes

beyond transportation's basic purpose of moving goods and people from one place to
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another. Transportation has a broader role in shaping development and the

environment. Transportation is essential in the operation of any economy, by creating

new job opportunities, increasing accessibility and mobility, by boosting up the industrial

growth, and by providing easy access of any production of a certain region into markets.

Transportation improvements affect both economic development and productivity.

"Pure" economic development effects are usually regional in nature and result from

improved access to labor pools or to larger markets. Productivity improvements, on the

other hand, are more difficult to isolate because the changes occur within the production

process e.g. cost savings resulting from "just-in-time" inventory methods (NCHRP report

418). Total highway capital and non-local highway system (NLS) contribute significantly

to economic growth and productivity at the industry and national economy levels. Their

contributions vary across industries and over time. The magnitude of the elasticity of

output with respect to total highway capital at the aggregate level was found to be much

smaller than in previous studies. The contribution of highway capital to TFP growth was

positive in almost all industries. The magnitudes of the contribution varied across

industries, although the most significant contribution was to the productivity of

manufacturing industries. Also there has been evidence of increasing retums to scale

both at the industry level and national level. At both levels, the contribution of private

capital to economic output was about four times of total highway and NLS capital. Both

total highway capital and NLS capital have shown significant effects on employment,

private capital formation, demand for materials and inputs in all industries. The results

suggested that an increase in total highway capital or NLS capital leads to a reduction in

demand for all inputs in manufacturing, while in non-manufacturing industries the

pattern is mixed. Net social rate of return on total highway capital was significantly high
too.

Inadequate infrastructure is a common symptom of the inadequacy of the poor people's

access to social (common property) assets. Particularly in rural areas iack of transport

infrastructure and services may constrain access to facilities and resources, such as

schools, health centers, and water by the poor. Geographical isolation and difficulty of

access to national roads, rail or other national transport networks can limit poor

communities' participation in labor and product markets and constrain their economic

opportunities. Lack of affordable transport services can therefore mean that transport
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infrastructure alone may not alleviate this constraint. Inadequate transport infrastructure

can thus contribute to the causes of lack of income and consumption and inability to

accumulate private and social assets. Lack of transport services and infrastructure can

thus contribute to inability to strengthen human capabilities. Usually transportation is

thought of as a key element in the development of any society, although the most

popular thought behind transportation infrastructure and transportation system

improvement is that transportation infrastructure and system boost up economic activity.

2.2.7 Effect of Transportation Infrastructure Investment on Regional Development

Increase in the highway capital stock contributes to the expansion of the productive

capacity of the economy. However, the magnitude of its contributions to growth of output

and productivity are modest in comparison to the contribution of exogenous demand.

While considering the economic development of different regions of a country,
transportation infrastructure and system may playa significant role in removing regional

economic disparities. Within a same country, under the same development policies, the

significant role of transportation implies that regions with better transportation

infrastructure will have better access to the locations of input materials and markets and

thus will be more productive, more competitive and hence more successful than regions

with inferior accessibility (Vickerman et aI., 1995). Better accessibility and mobility also
plays significant role in human resources development of that region. There seems to be

a clear positive correlation between transportation infrastructure endowment or

interregional accessibility and the level of economic indicators, such as, GDP per capita
(Beihl, 1986).

However, attempts to explain changes in economic indicators, such as economic growth

and decline, by transportation investment or differences in accessibility have been much

less successful. The reason for that failure may be that, in countries with already
existing highly developed transportation infrastructure, accessibility tends to become

ubiquitous and farther improvements in transportation infrastructure and system brings

only marginal benefits. The conclusion is that transport improvements have strong

impacts on regional development only where they result in removing bottlenecks (Blum,
1982; Beihl, 1986; Vickerman et aI., 1995).
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There are uncertainties about the magnitude of transport infrastructure's influence on

the regional development. It is debated whether transport infrastructure contributes to

regional polarization or decentralization. Some analysts argue that regional

development policies based on the creation of transportation infrastructure in the

lagging regions have not succeeded in reducing regional disparities in Europe. Whereas

others point out that it has yet to be ascertained that the reduction of barriers between
regions has disadvantaged peripheral regions.

From the theoretical point of view both effects may occur. The creation / improvement of

transportation infrastructure in a disadvantaged region may provide access to new

markets, new opportunities. At the same time it may also expose that region to the

competition of more advanced products from other developed regions and thus
endanger formerly secured regional monopolies.

However, there exists some agreement that creation and improvement of transportation
infrastructure effects positively in removing economic development disparities among
advantaged and disadvantaged regions.

2.2.8 Contribution of Highway Capital at the Aggregate Macro-Economic level

Highway capital has undoubtedly positive contribution at the aggregate macro-economic

level. Increased highway capital is labor and material saving at the aggregate economy

level as well as at the industry level. That is, an increase in the highway capital

investment reduces the demand for both labor and materials. In addition, highway

capital investment also has a strong positive effect on the demand for private capital.

That is, private capital and public highway capital are complements. Highway capital

investment leads to crowding in of private capital formation. Public highway capital

seems to not only increase in the marginal productivity of private capital but also may be

in some degree a prerequisite for private capital formation. In fact, the induced output

expansion effects on demand for factors of production are all positive and fairly large.

Increases in highway capital save on factors of production such as labor and materials,
but they also increase demand for private capital investment.

17



The optimal provision of public capital requires that the rates of retum to both types of

capital are equal. Thus, if the rate of retum on highway capital is higher than that of

private capital, highway capital is under-supplied and an increase of public investment is

necessary. Several research activities indicate that, roads investments are highly
productive.

Highway capital constitutes a network of roads and facilities that serves all of the

industries in the economy. This network has the characteristics of a public good that

cannot and probably will not be provided by the private sector. If every industry

attempted to provide its own road system, the costs of duplication, management

disputes, etc. would be prohibitively high for the private sector. Industry and society

would be better off if the participants pooled their efforts and established a network of

highways to serve all. The cost saving of such a system is highly significant.

2.3 Research on the Role of Public Infrastructure on Economic Growth

Studies that identify and measure transportation investment's impact on economic

development include Berechman (1994), Buffington et al. (1992), Perera (1990), Seskin

(1990), Vickerman et al. (1995) and Weisbrod and Beckwith (1992). There are also

regional studies addressing the impact of transportation infrastructure on local regional

economic development. Typical criteria used for the assessment of these investments

are Gross Domestic (Regional) Product or private output as in Allen et al. (1988), and in

Wilson et al. (1985), benefit-cost ratios and/or differences as in Weisbrod and Beckwith

(1992) and Buffington et al. (1992), property values as in Palmquist (1982), and. new
business creation/location as in Hummon et al. (1986).

There exist opposing thoughts as well. A new highway segment may create

opportunities, but it does not automatically cause economic development to happen

(Howard, Jinevra, 2001). In their classic study of highway impacts, MOhringand Harwitz

(1962) stated that the offices, shops, and residences in a particular highway corridor

might easily have been located elsewhere had the highway never been built.

Forkenbrock (1990) and Forkenbrock and Foster (1990) have argued that, in the case of

particular highway corridors, much of the purported economic benefit from the highway
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is simply a redistribution of activity from nearby areas. In their study about the link

between accessibility and economic opportunity, O'Regan and Quigely (1998)

concluded that education, training, skills, and the overall health of the economy are all

more important in affecting the labor market outcomes of disadvantaged workers than is
transportation or accessibility.

So, conflicting conclusions appears from empirical research on the role of public

infrastructure on productivity and economic growth. Conclusions range from that public

infrastructure investment has a positive effect on output and growth to that public sector

capital has no role in affecting private sector productivity (Puig-Junoy, 2001). Benefit-

cost analyses of particular highway corridors have, at times, claimed large long-term

economic gains (e.g. Seskin 1990; Weisbrod and Beckwith 1992). There are

explanations also for the conflicting conclusions mentioned above. Boamet (1996)

explained that in the production function studies of public infrastructure typically test the

hypothesis that output or productivity within a metropolitan area, state, or nation

depends in part on public capital stocks within the same jurisdiction. Since those studies

rarely examine how infrastructure stocks in one jurisdiction affect economic activity in

other jurisdictions, they are not able to separate direct and indirect effects. He divided

the economic impacts of transportation infrastructure into direct and indirect effects. The

direct effect is the impact near a transportation infrastructure such as, street or highway.

The indirect effect is any impact that occurs at locations more distant from the

transportation infrastructure. He suggested that, studies examining economic impacts

near particular corridors (e.g. Seskin 1990; Weisbrod and Beckwith 1992) measure only

a direct effect. Yet, as Forkenbrock and Foster (1990) persuasively argue, nearby

economic impacts is only part of the total benefit. Boamet (1996) uses data on street

and highway infrastructure in Califomia counties from 1969 through 1988 to verify the

existence of both a direct and an indirect effect of road and highway capital. His results,

consistent with productive street and highways, show that ground transportation
infrastructure has partially opposing direct and indirect effects. In agreement with the

findings of Forkenbrock and Foster (1990) and Mohring and Harwitz (1962), he also

suggested that, some of the economic activity associated with transportation

infrastructure investments would have occurred elsewhere had the infrastructure in
consideration not been built.
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The economic literature typically uses a production function including public capital

stock as an input to estimate the elasticity of public capital. Puig-Junoy (2001)

suggested that a very serious limitation in such empirical literature on public

infrastructure productivity is in its development without considering the production

frontier. This limitation results in omitting the influence of the level and evaluation of

technical efficiency on the production function and on the estimated elasticities. Thus,

estimation of the parameters employing the usual econome.trictechniques is unlikely to

produce estimates of production frontiers; rather estimates of the average performance

production functions are obtained. Interpreting this function as frontier function is bound

to underestimate production possibilities and input elasticities, and to preclude

measurement of technical efficiencies by assuming them exogenously (Greene, 1993).

2.4 Assessing the Efficiency of Transportation Sector Investment

Performance of invested resources is usually measured by efficiency factor, which is the

ratio between output and input factors of production. In the case of investment in

infrastructure development the output factors are usually expressed in different forms of

aggregate production and the input factors include natural resources, land area,
population and accessibility. Transportation is considered to be one of the most

important infrastructure components, which influence production. In this study,

accessibility is considered as the parameter for representing the transportation
infrastructure component.

2.4.1 Methods for evaluating benefits of Transport Sector Investment

At least five different types of methodologies are being used for evaluating benefits of
transportation infrastructure spending. These methods are often seen as competing

alternative analysis approaches, but actually each one is measuring different types of

effects. These five methodologies are summarized below (Weisbrod Glen, 1997):
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System efficiency measurement is a traditional method for estimating the benefit of

transportation infrastructure spending in terms of the direct value of time and cost

savings to its users. The criticism of this approach is that it ignores spillover benefits for

non-users and many broader aspects of business productivity benefits - such as the

value of network connections, inter-modal linkages, logistic opportunities and business
scale economies.

Production and cosf functions type of methods are being used for estimating the

historical relationship of infrastructure investments termed as "capital stock" to business

output and cost of doing business. These measures cover the spillover and productivity
benefits missed by the system efficiency measures. However, these analyses only value

the benefits for business production; benefits for the consumer sector are not valued.

Macro-economic simulation models type of methods utilize measures of system

efficiency and estimates of other productivity benefits to provide long-term forecasts of

investment effects on cost competitiveness of business, cost of living, and shifts in

business growth and location pattems. As these models provide results in terms of

regional and national "multiplier" effects on employment, income and value added, they

are most useful for distinguishing regional and national effects of major investments.

However, their usefulness d.ependson the availability of substantial exogenous analysis
of efficiency and productivity benefits.

Sfrafegic eCQnomicdevelopmenf assessmenf type of methods is applicable for major

investments that are targeted at addressing issues of strategic importance for assuring

the long-term economic competitiveness of a nation or region. They utilize market

research forecasting and competitive analysis methods to assess the relative

attractiveness of nations or regions for business investment and visitor activities. This

type of approach addresses the shortcoming that economic developers see in traditional

macro-economic modeling, which is its failure to distinguish global-level shifts in the

business organization functions, technologies and location patterns.

Direct Esfimafion of Social Welfare type of methods attempts to include the value of all

benefits to society. This is equivalent of taking the system efficiency measure of user

benefits and enhances it with estimates of the consumer surplus and producer surplus,
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as well as estimates of the spillover effects on quality of life. The major problem in

applying this approach is the lack of consensus on the valuation of many types of

impacts. A concem about this approach is how distributional impacts are treated. Its

major limitation is that it does not distinguish differences in long-term and short-term

impacts, and it may not account for strategic economic development considerations.

2.4.2 Production Possibility Set

Let a production technology utilize a vector of inputs, denoted x = (x" xn) E 9\."

to produce a non-negative vector of outputs, denoted y = (y, •......... ,Ym)E 9\. m.

The production possibility set of a production unit (PU) is a subset T of the space 9\. m.n.

A PU unit may select any input-output configuration (x, y) ETas its production plan.

The production possibility set is the collection of all feasible input and output vectors. It
is represented as

T = { (x. y) : x can produce y } c 9\. m.n (2.1 )

Furthermore. production possibility set can be represented by input requirement set L(y)

or output producible set P(x). The input requirement set represents the collection of all

input vectors x = (x" xn) E 9\: that yield at least output vector y = (y" 'yn)

E 9\. m. It can be represented as

L(y) = { x : (x, y) is feasible} (2.2)

The output producible set is the collection of all output vectors y = (y" 'ym) E 9\.m

that are produced from the given input vector x = (x" .........• xn) E 9\:. It can be
represented as

P(x) = { y : (x, y) is feasible)

These production possibility sets are illustrated in Figure 2.1.
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Technology set Input requirement set Output producible set

Figure 2.1: Production Possibility Sets

2.4.3 Production Frontiers

To illustrate the concept of production frontier, one can use an important class of

technologies having a single output y and an n-dimensional vector of input x. Suppose,

the production possibility set satisfies T (x, y) ~ O. A general representation of the
frontier technology is given as

y = f (x) (2.4)

The function f(.) is the production frontier and equation 2.1 gives the upper boundary of

T. Given input x, the maximum producible output y = f (x) can be achieved. In the form

of maximization, the production frontier is expressed by

f (x) = max { y' : T (x, y') ~ 0 } (2.5)

The production frontier serves as a standard against which to measure the technical

efficiency of production. It should contain only the efficient observations (PU's).

Production frontier has a property of scale economies: constant returns to scale,

decreasing returns to scale, and increasing returns to scale.

In case of Constant Returns to Scale (CRS), a frontier technology exhibits constant

returns to scale if f (tx) = If (x) \;j t > 0 and an arbitrary input vector x.
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In case of Decreasing Returns to Scale (DRS), a frontier technology exhibits decreasing

returns to scale if f (tx) < If (x) \;j t > 1 and an arbitrary input vector x.

In case of Increasing Returns to Scale (IRS), a frontier technology exhibits increasing

returns to scale if f (tx) > If (x) \;j t > 1 and an arbitrary input vector x.

The assumption on scale property is often required in production frontier estimation and

efficiency analysis, especially in non-parametric frontier methods.

2.4.4 Efficiency

The usual measure of efficiency is the ratio of output to input. This measure is often

inadequate due to the "existence of multiple inputs and outputs related to different

resources, activities and environmental factors. Farrell (1957) first defined a simple

measure of firm efficiency, which could account for multiple inputs within the context of

technical, allocative and total economic efficiency. Efficiency, or in other words

economic efficiency, denotes the most effective use of society's resources in satisfying
people's want and need.

There are different concepts of efficiency. The most widely used concepts are:

1. Technical Efficiency (TE),

2. Allocative Efficiency (AE),

3. Total Economic Efficiency.

Technical efficiency (TE) denotes the ability to produce maximum output from a given

set of physical inputs (land, labor, capital) relative to best practice. In other words, given

current technology for all of the organizations no wastage of inputs is considered in

producing the given quantity of output. An organization operating at best practice in

comparison to all others in the sample is said to be totally technically efficient. The

organizations are bench marked against the best organization and their technical
efficiency is expressed as a percentage of best practice.
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Allocative efficiency (AE) reflects the ability of an organization to use its inputs in optimal

proportions, given their respective prices and the production technology. In other words,

AE is concemed with choosing between the different technically efficient combinations

of inputs used to produce the maximum possible output. An organization that is

operating at best practice in engineering terms could still be allocatively inefficient

because it is not using inputs in the proportions, which minimize its costs, given relative
input prices.

Total Economic Efficiency is the combination of technical and allocative efficiency. An

organization will only be cost efficient if it is both technically and allocatively efficient. It
is calculated as the product of TE and AE.

Total Economic Efficiency = TE * AE.

p

B

AI

a

Figure 2.2: Technical, Allocative and Total Efficiency

Figure 2.2 represents Farrell's (1957) argument. A single output y is produced by two

inputs x, and X2 such that the production frontier is y = f (x" X2). Assuming a constant
retum to scale (relationship between output and inputs does not change with increase in

inputs), then, 1 = f (x,/y, x,ty). The isoquant or the efficient frontier (locus of points of

minimum inputs use needed to produce given output) of the fully efficient firm AA'

permits the measurement of technical efficiency. For a given firm, using quantities of

input (x,', X2) defined by point P (x,'/y, x;/y) to produce a unit of output y', the technical

efficiency may be defined as the ratio OQlOP. This ratio measures the proportion of (x"
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X2) actually required for production of y'. The technical inefficiency represented by (1 _

OQ/OP), measures the proportion by which (x,', X2') could be reduced without reducing

the output. It accordingly measures the possible cost reduction in producing i.Holding
(x,', X2') constant, it also roughly estimates the proportion by which output could be
increased.

Point Q is technically efficient since it lies on the efficient frontier (OQ/OQ = 1).

For known input price ratio SS', the allocative efficiency is represented by ORlOQ,

assuming the organization is 100% technically efficient. The distance RQ is the

reduction in production cost which would occur if production occurred at Q' - the
allocatively and technically 100% efficient point.

Total economic or productive efficiency is the ratio ORIOP and corresponding total
inefficiency is therefore, (1 - ORlOP). The cost reduction achievable is the distance RP

that could be obtained by moving from point P (the observed point) to point Q1 (the cost
minimizing point).

2.4.5 Techniques of Efficiency Measurement

The above described efficiency measures assume that the production function of the

fully efficient firm is known. However, this is usually not the case, therefore, the efficient

isoquant or frontier must be estimated using the sample data. Farrell (1957) suggested
using either of the following methods.

a. Mathematical Programming Approach is a nonparametric piecewise-linear

convex isoquant to be constructed so that no observed point should lie to the left
or below it.

b. Econometric approach is a parametric function such as the Cobb-Douglas form,

fitted to the data so that no observed point should lie to the left or below it.
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2.4.6 Econometric Approach to Efficiency Measurement

The Econometric Approach attempts to determine the absolute economic efficiency of

organizations against some imposed benchmark. This approach specifies a production

function and normally recognizes the deviation away from this given technology and is

composed of two parts. One part represents random errors, which are normally

distributed. The other part represents inefficiencies, which follow an asymmetric half-

normal distribution. The random error term is generally assumed to encompass all

events outside the control of the organization, including both uncontrollable factors
directly related to the actual production function - such as differences in operating

environments, and econometric errors - such as misspecification of the production

function and the measurement error. This type of reasoning has led to the development

of "deterministic frontier approach" assuming that all deviations from the estimated

frontier represent inefficiency. On the other hand, the "stochastic frontier approach"

seeks to take the extemal factors into account when estimating the efficiency of the real
world organizations.

The Deterministic Frontier Approach uses statistical techniques to derive a deterministic

frontier such that all deviations from the frontier are assumed to represent inefficiency.

Therefore, no allowance is made for statistical noise or measurement error. In the primal

or production form, it is difficult to incorporate multiple outputs. However, such

extensions are possible using dual cost frontier. But if cost frontier approach is applied

the decomposition of inefficiency into technical and allocative inefficiency is not possible

and therefore, all deviations from the frontier are attributed to overall total economic

inefficiency. This approach needs a large sample size for statistical reasons and also

the distribution of the technical inefficiency needs to be specified I.e. half-normal,

normal, log-normal etc. This would be based on knowledge of the economic forces that
generate such inefficiency, but in practice it may not be feasible.

The Stochastic Frontier Approach removes some of the limitations of the Deterministic

Frontier Approach. This approach introduces a disturbance term representing statistical

noise, measurement error, and exogenous shocks beyond the control of the production

unit. As a result, the deviation from the frontier is possible to be decomposed into two
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components: inefficiency and noise. Again, in common with the Deterministic Frontier

Approach, assumptions must be made regarding the distribution of the noise,

inefficiency, and the production technology. This approach uses information on prices

and costs, in addition to quantities, which may introduce additional measurement errors.

Hence, the econometric models can be categorized according to the data employed i.e.

cross-sectional or panel data. Suppose that, a cross-section~l data on the quantities of

K inputs used to produce a single output are available for each of N producers. A

production frontier model can be written as

Yi= f (Xi; 13).TEi (2.6)

where Yi is the scalar output of producer i, i = 1, ... ,N, Xi is a vector of K inputs used by

producer i, f (Xi; 13)is the production frontier, 13is a vector of technology parameters to

be estimated, and TEi is the output-oriented technical efficiency of producer i.

In the econometric models of efficiency measurement, production frontiers are

characterized by smooth, continuous, continuously differentiable, quasi-concave

production transformation functions. The frontier is the limit to the range of possible

productions. Hence,

TEi =
Yi

f (Xi; 13)
(2.7)

which defines technical efficiency as the ratio of observed output to maximum output

feasible under the current technology used. Yi achieves its maximum value of f (Xi ; 13)if,

and only if, TEi =1. The amount by which an observation lies below the frontier is called

inefficiency when TEj <1.

In equation 2.6, the production frontier f (Xi ; 13)is deterministic. In equation 2.7, the

entire shortfall of observed output Yifrom maximum feasible output f (Xi; 13)is attributed

to technical inefficiency. The deterministic frontier would take factors outside the control

of the unit, such as bad weather and uncertainties in the market situations as

inefficiency. Any error of imperfection in the specification of the model could likewise

translate into increased inefficiency measures. This may not be reasonable. A more

realistic interpretation is that any particular producer faces their own production frontier,
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and that frontier is randomly placed by the whole collection of stochastic elements that

might enter the model outside the control of the producer. The stochastic production

frontier incorporates producer-specific random shocks into the analysis. This is
accomplished as

Yi= f (Xi; ~).exp(Vi). TEi (2.8)

where [ f (Xi ; ~).exp{Vi)] is the stochastic production frontier. With this specification
equation 2.7 becomes

TEi =
Yi

f (Xi ; ~).exp{Vi)
(2.7)

defining technical efficiency as the ratio of observed output to maximum feasible output

in an environment characterized by exp{Vi). In this case, Yiachieves its maximum value

of [ f (Xi; ~).exp(Vi) 1 if, and only if, TEi =1. Otherwise TEi <1 provides a measure of the

shortfall of observed output from maximum feasible output in an environment
characterized by stochastic elements that varies across producers.

2.4.7 Mathematical Programming Approach to Efficiency Measurement

The Mathematical Programming Approach differs from both statistical frontier

approaches in that this approach is fundamentally nonparametric, and from the

stochastic frontier approach in that is non-stochastic. Therefore, no accommodation is

made for the types of bias resulting from environmental heterogeneity, extemal shocks,

measurement error and omitted variables. Consequently, the entire deviation from the

frontier is assessed as due to inefficiency. This may lead to either an under or over-

statement of the level of inefficiency and as a non-stochastic technique there is no

possible way in which probability statements of the shape and placement of the frontier
can be made (Worthington, 2001).
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2.4.8 Data Envelopment Analysis

The mathematical programming approach attempts to evaluate the efficiency of an

organization relative to other organizations of the same industry. The most commonly

used version of this approach is a linear programming method referred to as Data

Envelopment Analysis (DEA). This method is a deterministic means of constructing a

piece-wise linear approximation to the smooth CUNe representing the isoquant or the

efficient frontier as shown in Figure 2.2 based on the available sample. In simple terms,

the distribution of sample points is obseNed and a "kinked" line is constructed around

the outside of the points enveloping them -thus the name DEA is derived.

However, a number of benefits implicit in the programming approach make it attractive.
This is a nonparametric method. It can handle multiple inputs and outputs. It does not
require explicit specification of the functional forms relating inputs to outputs. Decision

Making Units (DMUs) that are entirely responsible for conversion of inputs into outputs

are directly compared against a peer or combination of peers. Inputs and outputs can
have very different units.

Among the methods of measuring efficiency described above, all methods except DEA

needs functional specification to be dictated exogenously, and thereby have the

possibility to suffer from specification error. Also, those methods cannot provide

information on relative efficiency and scarcity of different parameters. DEA also

facilitates incorporation of multiple inputs and outputs in the analytical framework. So

under the circumstances as stated above, it seems that DEA method is best suited for
the analytical requirement of the research work.
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2.5 Conclusion

Much of economic activity is forward looking. Every time a factory or a road is built or

the intensity of research and development is increased - the future productivity of the

economy is enhanced. In short, growing economies devote a significant share of their

current output to net capital formation to bolster future economic output. But the relative

efficiency of investment in the transportation sector varies from region to region. As

public investment and economic performance are inter-related, the simultaneous

relationship between these two must be considered. Although there is considerable

evidence that, highway capital like other types of public infrastructure capital contribute

to productivity growth - most of the studies also indicate an underinvestment in public

infrastructure capital. Infrastructure capital may have important effect on other industries

outside the manufacturing sector as well. It is very important to undertake a

comprehensive study that includes all sectors of an economy in order to analyze the role

and degree of extemalities generated by publicly financed infrastructure capital such as
highway capital.

This chapter described various methodologies for analyzing economic development with

respect to input factors together with their relative merits and demerits. The advantages

of Data Envelopment Analysis (DEA) had been evident in the analyses of relative

efficiencies of production mechanism. In the following chapters the application of DEA

method in identifying the role of transportation system will be described.
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Chapter three

Study Design and Methodology

3.1 Introduction

Optimal allocation of resources among competing sectors is the prime responsibility of

the planners and decision-makers. Govemment is required to justify its investment in

different sectors to manage the system efficiently. As such, evaluation of relative

peliormance of different sectors is very important in policy planning at any national level.

There are several methods for measuring relative peliormance of different sectors or

jurisdictions. Among various methods of measuring relative performances, Data

Envelopment Analysis (DEA) seems to be most suitable, as described in the earlier

chapter. This method will be applied in this study to assess the benefits of transportation
infrastructure and system in regional economic development.

DEA is a linear programming based technique for measuring the relative performance of

organizational units where the presence of multiple inputs and outputs makes

comparisons difficult. It computes a scalar measure of efficiency and determines

efficient levels of inputs and outputs for the organizations under evaluation. Since its

introduction in 1978, DEA has been used to evaluate the efficiency of entities (e.g.,

programs, organizations etc.), which are responsible for utilizing resources to obtain

outputs of interest. It has been used to evaluate activities as varied as public schools,
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hospitals, health facilities (OEeD countries), natural gas distribution utilities, and real-
property maintenance (U.S. Air Force), etc.

To calculate the relative efficiencies of different districts, total area / agricultural land

area, population, industrial asset and accessibility index (as a measure of transportation

infrastructure and system) will be used as inputs and the primary, secondary and tertiary

sectors of GDP will be considered as output. The Accessibility Index will be calculated

from the eXisting transportation network of the country. The weights of the inputs,

outputs together with the relative efficiency may explain the role of the inputs,

specifically the role of transportation in the districts economy. It may be possible to

know, with the eXisting transportation infrastructure and system, which districts are
producing efficiently and in which districts the lack of transportation infrastructure is

acting as a barrier in further efficient utilization of the existing natural and other

resources. The research may also give the target outputs for efficient economic activity
for the lagging regions / districts of the country.

Design of the study is summarized Figure 3.1 in a flow diagram.
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Data Collection

Transport Network Data + Fare
Structure + Travel Time Cost

Classical Transportation Model

Least Generalized Cost
Route Determination

Gross Domestic Product

Dynamic Analysis

Capital + Population
+ Land Area

Data Envelopment Analysis

Aggregate GDP Model

Efficiency of the Zone

Accessibility Index

Disaggregate GDP Model

Figure 3.1: Design of the Study
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3.2 Data Envelopment Analysis

Data Envelopment Analysis, first introduced by Charnes et al. in 1978, can identify

optimal allocations of investments. This method is used to evaluate relative efficiency of

manufacturing units, hospitals, educational institutions, banks, retail stores and so forth.

It is a linear programming based technique for measuring the relative performance of

organizational units where the presence of multiple inputs and outputs makes

comparisons difficult (Emrouznejad, 2002). DEA computes a scalar measure of

efficiency and determines efficient levels of inputs and outputs for the organizations

under evaluation. This empirically based methodology was originally intended for use as

a performance measurement tool for organizations that lacked a profit motivation, e.g.,

not-far-profit and governmental organizations. However, since its introduction, it has

been further developed and expanded for a variety of uses in for-profit as well as not-

for-profit situations (Bowlin, 1999). DEA found its way to transportation analysis in a

variety of assessments and it has been used in benchmarking of railways, aviation and

airport performance assessments, and public transportation systems evaluations.

The usual measure of efficiency is:

Eft. . OutputIClency = -~-
Input

This measure is often inadequate due to the existence of multiple inputs and outputs

related to different resources, activities, and environmental factors. This problem can be

illustrated for depots of a large retailing organization, which distributes goods to

supermarkets. In this case, the inputs for an efficiency measure are taken to be the

value of the stock and the recurrent costs mainly in the form of wages, as those are

resources supporting the operation of the depots. Stock is reasonably an input to an

efficiency measure, as an efficient depot will attempt to give a good service at lower

stock levels, saving on capital and space. The outputs correspond to activities of the

depots and are measured by the number of issues representing deliveries to

supermarkets, the number of receipts in bulk from suppliers, and the number of

requisitions on suppliers where they are out of stock or approaching stock out. By
measuring relative efficiency of depots, this problem can be solved.
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Following illustrative example may be helpful to understand the results of DEA. Here, a

system of five production units (or decision making units) B, C, D, E and F is

considered. Each of these units uses two inputs x, and X2 in different proportions to

produce a single output y. The illustration is given in Figure 3.2.

x,ly

A .E,,,,,,,

o

E',

" B,

,
/ \ C __- .• F

~ ii'", -
" pI, -," .•...••

',I'''

Al

Figure 3.2: Illustration of DEA results

Production units B, C and D are the best performing units of the set of five lying on the

efficient frontier AA '. The technical efficiency (TE) of B, C and Dare 1. Neither of E or F

is technically efficient (efficiency < 1).

Efficiency (TE) of E = OE'/OE

Efficiency (TE) of F = OF'/OF

E' and F' are on the efficient frontier. The ratio OE'/OE and OF'/OF are the ratios by

which the inputs of E and F could be reduced without decreasing the output, indicating
by points E' and F' respectively.

The efficient point for F is F', which lies between points C and D. Therefore, C and D

are the peers of unit F. But for E, the only peer is B. Again, the efficient point E' could

be moved to point B, thereby reducing the ratio x~y without affecting the ratio x,/y. This

ability to reduce one input without affecting another input (when on the efficient frontier)

is referred to as slack. The distance BE' is the measure of this slack. When an infinitely

large number of production units are used to construct the frontier the smooth curve of

the frontier may eliminate the observed slack. Thus slack is to an extent a result of the
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calculation performed more than necessary attributes of the real world (Hallas, Macleod
and Stansell, 2002).

Thus, clearly, DEA measures the relative technical efficiency of the production units

under consideration. A common measure for relative efficiency is:

Eff' . Weighted sum of outputsIClency = ----- _
Weighted sum of inputs

Introducing the usual notation this can be written as:

Efficiency of unit (3.1 )

Where, u, = weight of output r

y'j = amount of output r from unit j

Vi = weight of input i

Xii = amount of input i to unit j

Efficiency is usually constrained to the range [0,1].

It is assumed that under a given production process each Decision Making Unit (DMU)

will optimize its efficiency under the constraint of availability of input factors.

Consequently, for a known input-output volume, Equation 3.1 becomes an optimization

problem. Here the solution produces weights, which are most favorable to unit j and

provides a measure of efficiency. Following this concept, Charnes et al. (1978)

developed the following model, which is often called the Charnes, Cooper and Rhodes

(abbreviated as CCR) version of DEA model.

Model 1:
Lu,y'jo

Max ho = ' for each unit j."v.x..L... I 1)0
i
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Subject to.

Lu,Yrjo, $1
LVX I 110
;

LU,, >E
LVX I 110
;

LV;, >E
LVX I IJo
;

Where. E >0;

The (y,j • Xi;) > 0 in the model are constants which represent observed amounts of the rth

output and the i
th
input of the jth decision making unit. where j = 1.2.3 •... n number

decision making units (DMU) to convert inputs into outputs.

Here. E = a non-Archimedean constant.

which is smaller than any positive valued real number

ho = the efficiency of jo.

the DMU whose relative efficiency is to be calculated with respect to

other DMUs and ho $; 1. The solution to the above model gives a value ho
and the weights leading to that efficiency.

The model described above is a fractional linear program. To solve the. model it is

necessary to convert it into linear form so that the methods of linear programming can

be applied. In the objective function it can be observed that while maximizing a fraction

or ratio it is the relative magnitudes of the numerator and denominator that are of

interest rather than their individual values. It is thus possible to achieve the same effect

by setting the denominator equal to a constant and maximizing the numerator. The

resulting linear programming model is shown below:

Model 2: Max ho = Lu'Y'io
r
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Subject to, "voX.. = 1LJ I 110
i

LUrY,~ . LViXi~ ~ 0,
r i

j =1,2, ....n

The efficiency of the target unit in a set can be obtained by solving model 2. The

solution to this LP provides a measure of the relative efficiency of the target unit and the

weights leading to that efficiency. These weights are the most favorable ones from the
I

point of view of the target unit. To obtain the efficiencies of the entire set of units it is

necessary to solve a linear program focusing on each unit in tum. Clearly as the

objective function is varying from problem to problem the weights obtained for each

target unit may be different. In solving each linear program the solution technique will

attempt to make the efficiency of the target unit as large as possible. This search

procedure will terminate when either the efficiency of the target unit or the efficiency of

one or more other units hits the upper limit of 1. Thus for an inefficient unit at least one

other unit will be efficient with the target unit's set of weights. These efficient units are

known as the peer group for the inefficient unit. It is sometimes useful to scale the data

on the peer units so that a better comparison of the inefficient unit with the peer units

can be made. Input data of the peer units are to be scaled in such a way so that each

peer unit may use no more of an input than the inefficient unit. The solution to the DEA

model thus provides a relative efficiency measure for each unit in the set, a subset of

peer units for each inefficient unit, and a set of targets for each inefficient unit.

The method is applied in this study to measure the relative economic efficiency of

different regions (districts) of Bangladesh and to examine the significance of

transportation infrastructure with respect to other production factors in achieving the

efficiency level. As mentioned earlier, regional efficiencies are measured as a weighted

ratio of output and input elements. In the following section two versions of DEA models

are discussed. One of these calculates relative efficiencies on constant retum to scale

(CCR version) and the other allows variable return to'scale (BCC version).
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3.2.1 Charnes, Cooper, Rhodes (CCR) Version

Following the concept of relative efficiency, Charnes, Cooper and Rhodes (1978)

developed the following model, which is often called as CCR (abbreviated term of
Charnes, Cooper and Rhodes) version of DEA model:

Modell: Maximize:

Subject to,

j = 1,2,3, , n

u,

L:m v.x.i-I I ,0

>E; r = 1,2,3, , s

Where,
£>0;

i = 1,2,3, ,m

y,; = Amount of output r produced by DMU j

Xi; = Amount of input i utilized by DMU j
u, = Endogenous weight of output r

Vi = Endogenous weight of input i

This model is designed to evaluate the relative performance of any decision making unit

(DMU) designated as DMUo based on the observed performances of j = 1,2,3,...,n

DMUs. Any production unit that is entirely responsible for conversion of inputs into
outputs is termed as Decision Making Unit (DMU) in the DEA literatures.

The (y,;.Xi;) > 0 in the model are constants representing observed amounts of the r'"

output and the jlh input of the jlh DMU, where, j = 1,2,3,... ,n number of DMUs in a set to

convert inputs into outputs. Nurnber of outputs, r = 1, 2, 3, ... , s. Number of inputs, i = 1,
2,3, .'" m.
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£ > 0 represents a non-Archimedean constant, which is smaller than any positive valued
real number.

The ratio of model 1 results in a scalar value. ho is the efficiency of jo, the DMU whose

relative efficiency is to be calculated with respect to other DMUs. The solution to the

above model gives the optimal value of ho and the weights leading to that efficiency.

This optimal value satisfies O~ ho ~ 1 and can be interpreted as an efficiency rating,

where, ho = 1 represents full or 100% efficiency and ho < 1 means the presence of

inefficiency. Also, the calculated value of ho is independent to the units of measure used

for input and output variables.

The weights thus calculated are also the optimal values of the respective weights u, and

Vi. Thus no weights need to be specified a priori in order to obtain the scalar measure of

pertormance. This is to be noted that these weights are determined in the solution of the

model and not a priori. Due to this difference from more customary (a priori) weighting

approaches, the calculated lliand Vi values (U; and v;) are called virtual multipliers and

interpreted in DEA so that they yield a virtual output, Yo =L U; Yro (summed over r = 1, 2,

3, ... , s), and a virtual input Xo =LV; XiO (summed over i = 1,2,3, ... , m), which allows

to compute the efficiency ratio ho = Yo / Xo.

The calculated value of ho (which is h~), is the highest rating that the data allow for a

DMU. No other choice of u; and v; can yield a higher value of h~and satisfy the

constraints of model 1. These constraints make this a relative evaluation with:

L:~1UrY'i= 1, for some j as a condition of optimality.
Li=lVjXjj

For each of the j = 1, 2, 3, .... , n number of DMUs similar efficiency evaluations can be

obtained by positioning them in the functional form as DMUo, one by one, while also

subjecting them in the constraints. An important point is that DEA calculates relative

efficiency of any DMU with respect to other DMUs in the set by the above optimization

applied to the data. Therefore, the optimization implies that for any DMUo being
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evaluated, the evaluation will be effected by reference to the subset of j = 1,2,3, ... , n
DMUs for which:

The stars (*) indicate that these values of u, and Vi are optimal and therefore, make ho
maximal for DMUo. Also, k E K indicates the subset of DMUs that have altained the

value of unity, which is the maximum value allowed by the constraints. These k E K

DMUs have altained the efficiency value of unity (efficient DMUs) with the same U; and

v; that are the best for DMUo (Bowlin, 1998).

The model described above is a fractional linear program. To solve the model it is

necessary to convert it into linear form so that the methods of linear programming can

be applied. In the objective function it can be observed that while maximizing a fraction

or ratio it is the relative magnitudes of the numerator and denominator that are of

interest rather than their individual values. It is thus possible to achieve the same effect

by selting the denominator equal to a constant and maximizing the numerator. The

resulting linear programming model is shown below (Chames, Cooper and Rhodes,
1978):

Model 2:
s

Maximize, ho = LU,Yro,.,

Subject to,
m

LVjXjo = 1
i~l

s m
LU'Y'j. LViXii~ 0,
r •• l i"'1

Vi , u, ;:: E >0, 'rIr , i

The efficiency of the target unit in a set can be obtained by solving model 2. The

program is run n times in identifying the relative efficiency scores of all the DMUs. The

solution to this LP provides a measure of the relative efficiency of the target unit and the

weights leading to that efficiency. These weights are the most favorable ones from the

point of view of the target unit. To obtain the efficiencies of the entire set of units it is
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necessary to solve a linear program focusing on each unit in tum. Clearly as the

objective function is varying from problem to problem the weights obtained for each

target unit may be different. In solving each linear program the solution technique will

attempt to make the efficiency of the target unit as large as possible. This search

procedure will terminate when either the efficiency of the target unit or the efficiency of

one or more other units hits the upper limit of 1. Thus for an inefficient unit at least one

other unit will be efficient with the target unit's set of weights. These efficient units are

known as the peer group for the inefficient unit. It is sometimes useful to scale the data

on the peer units so that a better comparison of the inefficient unit with the peer units

can be made. Input data of the peer units are to be scaled in such a way so that each

peer unit may use no more of an input than the inefficient unit. The solution to the DEA

model thus provides a relative efficiency measure for each unit in the set, a subset of
peer units for each inefficient unit, and a set of targets for each inefficient unit.

However, the above method (CCR version of DEA) bases the evaluation of efficiencies
on constant return to scale.

3.2.2 Banker, Charnes, Cooper (BCC) Version

Another version of DEA that is in common use is the Banker, Charnes, and Cooper

(1984) abbreviated as BCC version of DEA. The primary difference between the CCR

and BCC versions is that the CCR version bases the evaluation on constant returns to
scale and the BCC version allows variable returns to scale.

The BCC version of DEA can be expressed as:

Model 3:
s

Maximize, ho = LU,Y,o - Uo

'.1

Subject to,
m
LVjXjo = 1

j",1

s m
LU'Y'j- LVjXji -uo S;O,
r ••1 j",1

Vj , u, ~ E >0, 'ifr, i
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In this model, the optimal value of Uo (U;), indicates the return to scale possibilities. An

U;< 0 implies local increasing returns to scale. If u; = 0, this implies local constant

returns to scale and, an u; > 0 implies local decreasing returns to scale.

BCC model allows variable returns to scale and measures only technical efficiency for

each DMU. That is, for a DMU to be considered as CCR efficient, it must be both scale

and technical efficient. For a DMU to be considered BCC efficient, it only needed to be
technically efficient.

3.2.3 Graphical Representation of DEA

Outputs

BCC
P4 (9, 8)

P3 (6, 7)

P5CCR .•..../ .." //(1.8, 3»:._ ..........•......._............••......._.... P5 (5, 3)
// P5BCc(2.333,3)

/'" PI (2, 2),.,.
Inputs

Figure 3.3: Illustration of CCR and BCC version of DEA (after Bowlin, 1999)

Figure 3.3 presents a simple single input, single output illustration of the CCR and BCC

versions of DEA model. Points Pl, P2. P3, P4 and P5 represent the observed
performances of five production units.

The solid line connecting Pl, P2, P3 and P4 represents the efficient frontier developed

by BCC version of DEA model. All of these four points represents the production units

with best observed output to input ratios. In this version of DEA these four units are the

technically efficient units with technical efficiency rating of 1. As it is observed, this

frontier reflects the variable returns to scale. P1-P2 segment represents locally

increasing retums to scale - an increase in the inputs would result in a greater than
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proportionate increase in the outputs. Which means that unit P1 is technically efficient

and it is scale inefficient - not operating at constant returns to scale. P2 represents the
unit, which is both technically and scale efficient.

Segments P2-P3 and P3-P4 reflect locally decreasing returns to scale - an increase in

inputs would result in a less than proportionate increase in outputs. Again units

represented by points P3 and P4 are technically efficient and scale inefficient.

The dashed line extended from the origin through P2 represents the efficiency frontier

calculated by the CCR version of DEA. This line represents the technically efficient and

scale efficient (constant returns to scale) frontier. According to this version of DEA, the

only unit, which is technically efficient, is unit represented by P2. This is the only unit,

which is operating at constant returns to scale. P5 represents the inefficient unit
according to both of the versions of DEA.

Differences between the BCC and CCR versions can further be illustrated using the

position of the unit represented by point P5. According to the BCC version the efficiency

rating of P5 would be based on its distance from point P5BCC, which is a linear

combination of P1 and P2; also these are the peers of P5. The efficiency rating of P5

(BCC version) is (2.333/5) = 0.47 or 47% indicating that this unit should reduce its input

by (100-47) = 53% to 2.333 in order to be considered 100% efficient.

According to the CCR version, the distance from P5CCR would determine the efficiency

rating of P5. This point P5 would receive the efficiency rating of (1.8/5) = 0.36 or 36%,

indicating that the unit should reduce its input by 64% in order to be considered as

100% technically and scale efficient.

This is to be noted that the efficiency rating calculated by BCC version is always higher

than that calculated by the CCR version. In the CCR version, unit P5 is moved to a

frontier that has constant returns to scale. This is what Banker (1984) refers to as most

productive scale size.

In this study, the CCR version of DEA will be used to calculate relative efficiency of
different regions of a country.
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3.3 Measurement of Efficiency

Identification and assessment of the performance of investment in any particular sector

is particularly important when resources are scarce as in the context of a developing

country. Perlormance of invested resources is usually measured by an efficiency factor,

which is the ratio between output and input factors of production. In the case of

investment in infrastructure for development the output factors are usually expressed in

different forms of aggregate production and the input factors include natural resources,

land area, population, and accessibility. Transportation is considered to be one of the
most important infrastructure components influencing production.

In fact the critical question in connection with resource allocation is to determine the

marginal rate of return for the input factors of production. It also leads to the

identification and quantification of slack or surplus of the input factors. Existence and

magnitude of slackness determines the need for further investment. There exists scope

to examine the role of accessibility, provided by multi-modal transportation facilities, in
aggregate efficiency of production of different regions.

While analyzing the spatial variation of input resources and observed distribution of

outputs, Data Envelopment Analysis (DEA) can be applied for quantifying the respective

economic efficiency - where the efficiencies will be measured in terms of output

productions, input factors and their weights, which are determined endogenously. The

inputs may include land area, population density, and accessibility; and the outputs may

include gross domestic production of each of the study areas. The accessibility measure

includes travel time and cost of transportation among zones (regions - spatial
subdivision in Bangladesh), and considers multi-modal facilities.

3.3.1 Input Variables

The input variables considered in the analysis include regional population, usable land

resources, capital and accessibility. Data regarding population and land area are

obtained from national census report (BBS, 2000). Accessibility is measured as a
composite impedance function.
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Population is usually used in analysis as a measure of labor force. Population Oensity is

determined by dividing the total population of any region by the total area of that region.

This input variable is assumed to capture the available labor and as a proxy variable to
capture the region specific effects.

Land areas are agricultural land area of each region including agricultural land,

forestland, mining areas and water bodies and excluding industrial areas, settlements

and other institutional areas as considered in this study.

Capital Goods of a region consist of the durable goods, produced by the economy in

order to produce yet other goods. Capital goods include the value of industrial assets,
infrastructure and natural resources.

Accessibility is the measurement of easiness regarding the transportation from one

place to another. It is measured from the transportation network of the region as a
composite impedance function.

3.3.2 Output Variables

The output variable considered in the analysis includes Gross Oomestic Product (GOP)

in current market price of each of the regions (districts). For the purpose of the analysis

GOP is further classified into three categories.

• Primary Sector GOP, which includes Agricultural Sector GOP

• Secondary Sector GOP, which includes Industrial/Manufacturing Sector GOP

• Tertiary Sector GOP, which includes Service Sector GOP

Information regarding regional contribution to GOP is obtained from the national

economic census. For the purpose of analysis, all the data are normalized with respect

to maximum value of corresponding variable.
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3.3.3 Methods for Measuring Accessibility

The advantage of accessibility is that it can be defined to reflect both within-region

changes and changes outside the region affecting that region. Initially accessibility

measures have used simple measures of distance or time as a means of estimating the

prices facing a region's industries. These measures do not usually differentiate between

the prices of inputs and outputs due to the lack of sufficiently good data to distinguish

the sources of inputs and the markets for outputs. To overcome this problem "economic

potential measurement" approach is used. Economic potential measurement measures

the aggregate of regional incomes (GDP per capita), each deflated by a function of
distance (Vickerman et aI., 1995):

(3.4)

Where, Yi is the income of region j and dij is the intervening distance between i and j.

This gives a measure of the region's market area and hence reflects only changes in

aggregate demand. It does not allow for changes in either the mix of a region's output or

for a change in technology, which leads to increased efficiency and hence a price-
induced change in demand.

The first stage of advance beyond the simple accessibility potential model is an

elaboration to allow for variations in mode quality on different links. For each origin an

appropriate set of destinations is defined and a modal share model calibrated for each

relation ij, which is then used to define a composite time for that relation. The logsum

"inclusive value" can be combined with a measure of the importance of the destination

to give an aggregate measure of accessibility for each origin. The precise formulation

needs to vary according to the characteristics of the type of activity requiring transport.

For example, for business passenger travel the probability that a traveler chooses mode
m on relation ij is defined as:

(3.5)

Where A.ij is allowed to vary with distance to ensure that modal time advantages relate to
distance as:
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(3.6)
t1

Aij = A(-)P
dj

A modal share weighted average of the times by available modes gives the "composite

time" for that relation:

The accessibility measure is then calculated from the following equation:

Ai = LbijWjexp(-lltij)
j

(3.7)

(3.8)

Where, bij is a border effect variable, which scales the deterrence effect if origin and

destination are in different regions or states of the same country. Wj represents the

importance of destinations assessed on the basis of population, plus an index of

business significance. The deterrence measure tij is made sensitive to travel time

differences through the parameter Il.

This approach also has some problem. It has to be calibrated for each relation ij since

some mode availability is not same everywhere and the range of destination varies.

Also, most modal choice models recognize characteristics other than speed as relevant

choice variables, such as comfort, price etc. Other than these, destination choice is

essentially arbitrary (Vickerman et aI., 1995).

3.3.4 Model for Calculating Accessibility Index

Accessibility Index will be calculated from the transportation network consisting of the

National Highway, Regional Highway and Feeder Road Type A, Railway system and

major rivers of the country with the help of the following models:

A i = L P j exp( - Il t ij )
j

- 1 "t .. = -In L.
IJ A ij m

exp( - A ij t ijm

Here Aij and 1.1 are scale factors. The travel impedance between two zones is estimated

by using a transportation model. Although usually Aij is considered to vary with the value
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of travel impedance, in the analysis it is assumed to be constant. The border effect

factor bi; takes care of impedance created by crossing of intemational borders. As this

study concentrated within the boundary of a particular country, it can be assumed to

have uniform value. In this analysis, its (biiJ value is assumed to be 1. Accessibility of

zone i (Ai) is defined as the population weighted sum of negative exponential of travel

impedance for all the destination zones. For this study, the models become as follow.

Ai = IiPj exp (- tij) (3.9)

where, tij = - In 2:m exp (- tijm) (3.10)

tijm = 2:n (dn.Fm + Tn.C) (3.11)

here, dn = the distance in the n-th part of the route between zones i and j

Fm= the fare of the mode m per unit distance

Tn = the time to travel along n-th part of the route between zones i and j

C = the travel time cost applicable in the study area

tijm= the travel impedance for the moth mode between zone i and j

ti; = the travel impedance between zone i and j

Pi = population of zone j

Ai = accessibility of zone i

for road, rail and waterway, m = 1,2, 3

for 20 districts, i = 1, 2, 3, ,20 and j = 1, 2, 3, ,19

3.3.5 Transportation Model for Calculating Generalized Cost

While measuring the Accessibility Index, the generalized cost in the shortest routes from

one region to another has to be calculated. This is assessed using Classical

Transportation Model. Years of experimentation and development have resulted in this

general structure of model. The approach starts by considering a zoning and network

system, the collection and coding of planning, calibration and validation data. These

data are then used to estimate a model of total number of trips generated and attracted

by each zone of the study area. This step is called 'trip generation'. The next step is to

allocate these trips to particular origin and destination pair thus producing a trip matrix.

This step is called 'trip distribution'. The following step normally involves modeling the

choice of mode which allocates trips in the matrix to different modes. This step is called
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'modal split'. Finally the last stage in the classical model involves the assignment of the

trips by each mode to their corresponding networks. This step is called 'trip assignment'.

The overall structure of the model used is traditional in terms of the sequence of the

structural form i.e. Modal Split and Trip Assignment stages. Most of the components of

the model are conventional, in transportation modeling terms. Due to lack of sufficient

data, the model has not been calibrated for the whole study area at the preliminary

building stages. The individual components of model used are Modal split and Trip
assignment.

Modal split models predict the percentages of flow, which will use each of the modes

that are available for travel between each origin-destination pair. When modal split

occurs after trip distribution then the model is known as a 'trip-interchange model'. If

modal split is performed prior to distribution, the model is known as 'trip-end model'.

Since trip-end model splits trip ends, rather than flows, the characteristics of

transportation system are fed on an average area wide basis. Trip-end model is

insensitive to future developments in inter-zonal travel and does not consider the trip

generation characteristics. Trip-end model is also insensitive to transportation policy

change like improvement of public transportation systems where significantly different

levels of seNice are contemplated. On the other hand, although the trip-interchange

model is more complex, it is free from above mentioned problems of trip-end model. The

modal split analyses are basically of two types. These are: (1) Probit analysis and (2)

Logit analysis. In the Probit Analysis the stimulus is assumed to be made up of relative

disutility of travel of two modes and of users' characteristics. The Logit Analysis

assumes that probability of occurrence of an event varies like a function of sigmoid

CUNecalled the logistic CUNeoThe logit choice model is of two types, Binary Logit model
and Multinomial Logit model.

Traffic assignment is the last part of the process of estimating traffic volume on urban

transportation network. It deals with the steps, which follow the trip distribution and

modal split of traffic. Thus the origin to destination trip table for trips via a particular

mode in question is known in this stage. There are various approaches to traffic

assignment. Three widely used methods are 'All-or-nothing assignment', 'Capacity

restraint assignment' and 'Stochastic assignment'. In All-or-nothing Assignment, every
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path from an origin to a destination has either all the traffic or none of them. Here it is

assumed that all travelers will use the minimum path. Once all of the minimum paths

have been determined, the flow between each origin destination pair is associated with

that path. The total flow is the sum of all flows on each of the links of network. The

principal shortcoming of this method is that it completely ignores the effect of volume of

traffic on a link on user's cost, time and level of service. Capacity restraint method

overcomes the problems of all-or-nothing assignment method by assigning fraction of

total flow incrementally, considering the changes in travel time after each cycle of

assignment. The adjusted link speed or its associated travel impedance (time) is

computed by using capacity restraint functions. Stochastic Assignment recognizes that

several routes between an origin and destination might be perceived to have equal

travel time or otherwise be equally attractive to a traveler and, as a result, might be

equally likely to be used by that traveler. Or in other words it treats link costs as random

variables that can vary among individuals (given their individual preferences,

experiences and perceptions) rather than deterministically. Stochastic types of

assignments are suitable where city people have a lot of choice about their jobs.

Figure 3.4: User Interface of Transportation Model
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A computer model is developed for calculating shortest path which is shown in Figure
3.4 and Figure 3.5.

Figure 3.5: Output of Transportation Model

3.4 DEA Models to Measure Efficiency

Two approaches are considered in this study to measure efficiency - aggregate and

disaggregate approaches. The main difference between aggregate and disaggregate

approach is that the former use a measure of total GOP of the region concemed as the

output measure, disaggregate approaches considers sectorwise GOP as output
measure.

3.4.1 Aggregate Analysis

Efficiency of district j, h
j
= _

In the Aggregate GOP MOdel,the total GOP is considered as output. Thus, for a district

the relative efficiency can be defined mathematically as follows.

uj1GOPj
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where, Ujm~ weight of output m of zone j

Vjn~ weight of input n of zone j

GDPj ~ GOP of zone j

Pj ~ Population Density of zone j

Lj ~ Land Area of zone j

Cj ~ Capital of zone j

Aj ~ Accessibility of zone j

for 20 districts, j ~ 1, 2, 3, ,20
for 1 output, m ~ 1

for 4 inputs, n ~ 1, 2, 3, 4

Maximize hj ~

So the Aggregate GOP model is as follows.

uj,GDPj

Subject to

where GDPj ~ GOP of zone i

Pj ~ Population of zone i

Lj ~ Land Area of zone i

Cj ~ Capital of zone i

Aj ~ Accessibility of zone i

for 20 districts, i~ 1, 2, 3, ,20

And also subject to Vj<:E >0 and Uj<:E >0.

However, as the above mentioned model is mathematically intractable if addressed

directly, the linear program is defined by constraining denominator to be equal to unity.

The resulting programming model is shown below.

Maximize hj ~ uj,GDPj

Subject to, Vj'Pj + Vj2Y+ Vj3Cj + Vj4Aj~ 1

uj1GDPj - Vj'Pj - Vj2Lj- Vj3Cj- Vj.Aj ,,0
Vj<:E >0, Uj<:E >0.

54



3.4.2 Disaggregate Analysis

In the Oisaggregate GOP Model, sector wise GOP is considered as output. Here, the

total GOP will be divided among the Agricultural Sector, the Industrial Sector, and the

Service Sector. Thus, for a district the relative efficiency can be defined mathematically

as follows.

Efficiency of district j, hj =- _

where, Ujm= weight of output m of zone j

Vjn= weight of input n of zone j

AGOPj = Agricultural Sector GOP of zone j

IGOPj = Industrial Sector GOP of zone j

SGOPj = Service Sector GOP of zone j

Pj = Population of zone j

Lj = Land Area of zone j

Cj = Capital of zone j

Aj = Accessibility of zone j

for 20 districts, j = 1, 2, 3, ,20

for 3 output, m = 1, 2, 3

for 4 inputs, n = 1, 2, 3, 4

Maximize hj =

So the Oisaggregate GOP model is as follows.

UjlAGOPj + Uj21GOPj+ uj3SGOPj

Subject to

where AGOPj = Agricultural Sector GOP of zone i

IGOPj = Industrial Sector GOP of zone i

SGOPj = Service Sector GOP of zone i
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Pi = Population Density of zone i

Li = Land Area of zone i

C, = Capital of zone i

Ai = Accessibility of zone i

for20districts, i = 1, 2, 3, ,20

And also subject to Vj';!.£ >0 and Uj';!.£ >0.

However, as the above mentioned model is mathematically intractable if addressed

directly, the linear program is defined by constraining denominator to be equal to unity.

The resulting programming model is shown below.

Maximize hj = uj,AGDPj + Uj21GDPj+ uj3SGDPj
Subject to, Vj,Pj + Vj2Y+ Vj3Cj + Vj,Aj = 1

uj,AGDPi + uj21GDP,+ uj3SGDP, - Vj'Pi - Vj2l..;- vj3C,- vj,A; ::;;0
Vj';!.£ >0, Uj';!.£ >0.

3.4.3 Framework of Dynamic Analysis

Polynomial lag was used in the study for dynamic analysis of the measured efficiency
(Almon, 1965).

A quadratic polynomial lag function is assumed in this study for dynamic analysis. The

efficiency function is given by the equation.

LU,Yro
r

k

v,'nd.Cap, +v2Lab, +v3Land, + LI3;AcC1-i
;=0

Subjected to all the constraints.

It implies that accessibility will have a lagged effect. For analy1ical purpose, it was

assumed that f3 will have a polynomial lag characteristic and follows a functional form as

described below.
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Here i is period of lag. The negative sign of the last parameter provides a convex shape

of the lag-effect which is intuitively correct. As Linear Programming is being used

negative sign cannot appear as the output of endogenous estimation. So a negative

sign is being proposed exogenously.

3.4.4 Mat Lab Coding for solving DEA Models

Mat Lab was used for solving the DEA Models. The interface of the program is shown in

Figure 3.6. LinProg function of Mat Lab was used to solve linear programming setup of
the DEA problem.

Figure 3.6: MatLab user interface for solving DEA models
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3.5 Conclusion

The traditional approaches relating economic developments and associated inputs are

based on methods like production function, input-output, before and after study, etc.

Most of these approaches suffer from problems like specification error, parametric error

and functional relationship problem. DEA method facilitates elimination of these

problems as it does not require any specific functional relationship and any underlying
assumption of distribution of error. It is widely used for multi criteria decision making in a

wide range of areas. In the study, DEA has been experimented to identify the effect of
accessibility on economic development.

Data Envelopment Analysis (DEA), the optimization method of mathematical

programming to generalize the Farrell (1957) single-input / single-output technical

efficiency measure to the multiple-input / multiple-output case by constructing a relative

efficiency score as the ratio of a single virtual output to a single virtual input, is used in

the research presented in this thesis. Thus DEA became a new tool in operational

research for measuring technical efficiency. The method is applied in this study to

measure the relative economic efficiency of different regions (districts) of Bangladesh

and to examine the significance of transportation infrastructure with respect to other

production factors in achieving the efficiency level. By identifying and measuring the role

of transportation in regional economic efficiency, the analysis may assist in assessing

the requirement of regional investment in transportation sector among various

competing sectors demanding resources and setting priority within transportation sector.

Thus the output of this study, through the appropriate use of DEA, might as well fonn
the basis of an integrated national transportation plan for the country.

The subsequent chapters describe the application of DEA method for the analysis of the

relative role of transportation network infrastructure in the production and economic

activities. Relative efficiencies of different zones will be estimated and correlated with
accessibility measures.
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Chapter four

Data Collection and Analysis

4.1 Introduction

While considering the economic development of different regions of a country,

transportation infrastructure and system may playa significant role in removing regional

economic disparities. The purpose of this research is to examine how transportation

infrastructure and system affects the regional economic development of one of the least

developed countries like Bangladesh. The focus of this research is to determine the

relative economic efficiencies of 20 greater districts (administrative divisions) of

Bangladesh and the role of transportation on the differences in economic efficiency

among the districts. In this chapter, total area, population, industrial asset and

accessibility index will be used as inputs and the primary, secondary and tertiary sectors

of GDP will be considered as outputs to calculate the relative efficiencies of different

districts. The Accessibility Index will be calculated from the existing transportation

network of the country. The weights of the inputs, outputs together with the relative

efficiencies may explain the role of the inputs, specifically the role of transportation in

the districts economy. The Data Envelopment Analysis method is applied here to

measure the relative economic efficiency of different regions (districts) of Bangladesh

and to examine the significance of transportation infrastructure with respect to other

production factors in achieving the efficiency level. It may be possible to know, with the
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existing transportation infrastructure and system, which districts are producing efficiently

and in which districts the lack of transportation infrastructure is acting as a barrier in

further efficient utilization of the existing natural and other resources. The research may

also give the target outputs for efficient economic activity for the lagging regions /
districts of the country.

4.2 Brief Profile of the Country: Bangladesh

4.2.1 Geographical Area of Bangladesh

Bangladesh lies in the north-eastern part of South Asia between 20° 34' and 26° 38'

north latitude and between 88° 01' and 92° 41' east longitude. The country is bounded

by India on the west, the north and the north-east, Myanmar (Burma) on the south-east

and the Bay of Bengal on the south. The gross area of the country is about 1,47,570 sq.

km. The limits of territorial waters of Bangladesh are 12 nautical miles and the area of

the high seas extending to 200 nautical miles measured from the base lines constitutes

the economic zone of the country.

4.2.2 Physiography of Bangladesh

Bangladesh is a delta in geological formation. Except for the hilly regions in the north-

east and the south-east, some areas of high lands in the north and north-western part,

the country consists of low, flat and fertile land. A network of rivers, of which the Pad rna,

the Jamuna, the Teesta, the Brahmaputra, the Surma, the Meghna and the Kamafuly

are important, and their tributaries numbering about 230 with a total length of about

24,140 km covering the country, flow down to the Bay of Bengal. Heavy silts deposited

by rivers every year during the rainy season are thus continuously enriching the alluvial
soil of the country.
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4.2.3 Population of Bangladesh

According to the latest population census conducted in 2001, the population of the

country stood at 123.14 million. The average population density is about 827 per sq. km.

The proportion of urban population was 20.10 per cent, while that of rural was 79.90 per
cent in 1991.

4.2.4 Agriculture of Bangladesh

Bangladesh is an agriculture-based country. Agriculture contributes 22.54 percent to

national economy which is followed by industry and trade services. Annual contribution

of important sectors to the GDP of the country in recent years at base 1995-96 constant

market prices shows that, there is a trend of decreasing agricultural contribution in the
total GDP and increasing contribution of industry and trade services.

Agricultural products create significant impact on the transportation demand of the

country and transportation need is largely influenced by the volume of agricultural
production.

Agriculture is the main occupation of the people, employing about 62.3% of the labor

force. Main agricultural products are food grain, jute, sugarcane, potatoes, vegetables,

oilseeds, pulses and tea. Table 4.1 and Figure 4.1 present the contribution of
Agriculture and Fisheries to the GDP of the country:
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Table 4.1: Contribution of Agriculture Sector in Bangladesh GOP

(Base year 1995-96) (in %)
Sector 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 (P)

Agriculture 23.96 23.28 22.20 20.81 20.32 20.39 19.67 19.35 19.49 19.11
Food grain 18.30 17.71 16.72 15.43 15.03 15.21 14.59 14.33 14.59 14.32
Live Stock 3.62 3.56 3.49 3.42 3.36 3.27 3.19 3.12 3.02 2.93
Forestry 2.04 2.01 1.98 1.95 1.93 1.91 1.89 1.90 1.88 1.86
Fisheries 4.74 . 4.93 5.10 5.21 5.36 5.48 5.67 5.93 6.09 6.22

(Source: Economic Review of Bangladesh, 2001)
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Figure 4.1: Contribution of Agriculture Sector in Bangladesh GOP
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4.2.5 Industries of Bangladesh

Although Bangladesh is predominantly an agricultural country, a good number of large-

scale industries based on both indigenous and imported raw materials have been set

up. Among them, jute and jute goods, cotton textile, paper and newsprint, sugar,

cement, chemicals, fertilizers and tanneries are important. Other notable industries are

engineering and ship building, iron and steel including re-rolli~g mills, oil refinery, paints,

colors and varnishes, electric cables and wires, electric lamps, fluorescent tube lights,

other electrical goods and accessories, matches, cigarettes, etc. Among the small-scale

industries, handlooms, carpet making, shoe making, coir, bamboo and cane products,

earthenware, brass and bell metal products, small tools and implements, omaments, etc

are worth mentioning. The industrial sector contributes about 15.16% (2001-02
estimated) to the country's GOP.

4.2.6 Macro-Economic Framework of Bangladesh

Bangladesh is one of the least developed countries in the world. GNP and GOP levels
of the country are quite low. Present per capita income of the people is about US $

362.00 per annum (FY 2001-02). The bulk of the national income is concentrated in rich

section of the people; rich section constitutes a small proportion of the total population.

Average life expectancy for male is 68 years and for female is 69 years. Child death rate

is 5.1% (Year 2000). From the consideration of food intake -less than 2122 kilocalorie

per day, 42.3% of the rural population and 52.5% of the urban population were poor in
the year 2000.

4.2.7 Gross Domestic Product Scenario of Bangladesh

In recent years, the gross domestic products (GOP) of Bangladesh at current and

constant market prices have kept on increasing at reasonably good rate. Based on

current market prices and 1995-96 constant market prices, annual growth rates of GOP
in the country in recent years is presented in Table 4.2.
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(Source: Economic Review of Bangladesh, 2001)

Year Growth Rate in Growth Rate in (1995-96)
Current Market Price Constant Market Price

1991-92 8.60 5.04
1992-93 4.60 4.57
1993-94 8.60 4.08
1994-95 13.60 4.93
1995-96 11.20 4.62
1996-97 7.80 5.39
1997-98 10.40 5.23
1998-99 12.20 4.87
1999-00 8.20 5.94
2000-01 9.40 6.04

Table 4.2: Annual GOP Growth Rates in last 10 Years (in %)

4.3 Transportation Infrastructure and System in Bangladesh

The history of transportation development all over the world is a process of gradual

evolution. Bangladesh is not an exception in this regard. Over centuries a varied and

complex transport system has been developed in this country on account of its various
geographical features and historical facts.

The transport system of Bangladesh operates through four modes. Road, rail, inland

waterways and airways. Firstly, land transport infrastructure particularly road network is

fragmented by numerous ferry crossings and land transport has to move over circuitous

routes because of ex1ensive river systems. Secondly, costs for construction and

maintenance of transport infrastructure particularly road network are very high because

of difficult terrain strewn with numerous water courses, periodic flooding requiring

elevated infrastructure embankments, and poor soil conditions coupled with general

scarcity of construction materials and lack of adequate construction industry. Thirdly, it

has been observed that compared to overall growth of the economy, transportation

demand growth in Bangladesh has been higher. On the other hand, transport supply in

the country is still quite low. This trend in growth of transport demand is likely to persist
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or may even witness an upswing in the future as the country moves from a subsistence

economy to a more market-oriented eC'lnomy. To supply the matching transport

facilities, substantial improvements will be necessary in the transport system (BITSS,
1998).

4.3.1 Road Transportation

According to the Bangladesh Integrated Transport System Study (1998), 66% of the

freight and 73% of the passenger were transported through road transport in 1997. This

dominating trend of freight and passenger transportation through road transportation still

remains valid. The road transport system comprises both motorized and non-motorized

vehicles operating in both of the urban and rural areas of the country. Among the

motorized vehicles, four wheelers such as bus, truck, mini bus, car, jeep; three wheelers

such as, auto-rickshaw and two wheelers like motorcycles are the prominent means of

transport. Among the non-motorized vehicles, cycle rickshaw, bicycle, push carts and
animal drawn carts are mentionable.

At present the total of National Highway, Regional Highway and Feeder Road Type A

amounts to 21,174 km in the country. Two Government Departments are responsible for

construction and maintenance of the road facilities of the country. The Roads and

Highways Department (RHD) deals with the National Highway, Regional Highway and

Feeder Road Type A and the Local Government Engineering Department (LGED) deals

with the remaining types of roads. Other than these two Departments, respective City

Corporations and Municipality Corporations also deals with some of the minor urban
roads.

National Highways are the roads connecting the national capital with divisional

headquarters, old district headquarters, port cities and international highways.

Regional Highways are the roads connecting different regions with each other, which
are not connected by national highway system.
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Feeder Road Type A roads connect Upazila Headquarters and important growth centers

with the main arterial road networks.

Feeder Road Type B connects growth centers with other growth centers and Upazila
Headquarters.

Local roads include municipal roads and rural roads. Rural roads are classified as Type

1, 2 and 3. Type 1 roads connect growth centers with farms. Type 2 connects Union

Headquarters and local markets with villages and farms. Type 3 roads include the roads

within a village.

Table 4.3 presents the Road Network of the country, which is the concem of the Roads

and Highways Department. National and Regional Highways of Bangladesh is shown in
Figure 4.2.

Table 4.3: Length of Roads constructed and maintained by RHO (in Km)

Survey Year National Regional Feeder Road Total
Highway Highway Type A

1992 2908 1650 10098 14668
1993 2920 1667 10663 15250
1994 2920 1687 11063 15670
1995 2920 1700 11450 16070
1996 2862 1565 10500 14935
1997 2862 1565 15849 20276
1998 3144 1746 15964 20854
1999 3090 1752 16116 20958
2000 3090 1752 16116 20958

(Source: Economic Review of Bangladesh, 2001)

According to the last report by Roads and Highways Department, till June 2001, out of

total 20799 km of roads, 13000 km roads are paved and 7799 km roads are unpaved. In

this road network controlled by the RHD, there are 4603 numbers of bridges of total
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length approximately 72 km and there are 5313 numbers of culverts of total length
approximately 84 km.

The present information on the length of type B feeder roads and rural roads is

presented in Table 4.4. It is to be noted that about 74 per cent of type B feeder roads

that connect Upazila headquarters and growth centers and, about all rural roads are

unpaved. Besides, there are about 4500 km of urban roads under different
municipalities, of which 50 per cent are still unpaved.

Table 4.4: Length of Roads Under LGED (in Km)

Road Types Paved Roads Earthen Roads Total
Feeder Road Type B 8760 21208 29968
Rural Road Type 1 1961 39198 41159
Rural road Type 2 and 3 1677 129450 131127
Total 12398 189856 202254

(Source: Annual Report of LGEO, 2001)

Bangladesh has a total land area of about 1,47,570 sq.km and a total population of

about 123.14 million at present. Total road length of all types under RHO, LGEO and

Municipalities is about 2,22,500 km. In relation to area, Bangladesh has got at present

about 1,508 km of road of all types and about 172 km of paved road per one thousand

square km (I.e. about 1.51 km of road of all types and about 0.17 km of paved road per

sq. km); while in relation to population, the country has got about 1.81 km of road of all

types and about 0.21 km of paved road per one thousand people.

In recent years private sector owns more than 98% of the total number of buses and

99% of the total truck fleet of the country (BITSS, 1998). Yet the bus services are

inadequate to meet the present demand for passenger transportation. In an effort to

meet up the passenger transportation demand in the capital city and in the metropolitan

cities Bangladesh Road Transport Corporation (BRTC) imported and leased out a

significant number of busses (mainly double deckers) to the private sector. The road
transportation demand is still to be met.
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4.3.2 Railway

The rail transport infrastructure and service is a Government concern in Bangladesh and

is operated under a Government Department named "Bangladesh Railway". Recently

only a few routes are being operated under private management. The rail transport of

the country consists of both broad gauge and meter gauge rail tracks. Bangladesh

Railway has a total 2,768 route kilometers at the end of the financial year 2000-01. Out

of the total 2,768 route km, 936 km is broad gauge and 1832 km is meter gauge tracks.

The total length of running track including track on double line in the yards and sidings is

4361 km. Bangladesh Railway (BR) operates through 452 rail stations. Table 4.5 shows

the historical statistics of the stations and route km of Bangladesh:

Table 4.5: Historical Statistics of Bangladesh Railway Stations and Route Km

Year Broad Gauge Meter Gauge Total

Station I Route Station
I Route Km Station I Route

Km Km
1990-91 163 924 339 1822 499 2746

1991-92 152 924 337 1822 489 2746

1992-93 152 884 338 1822 490 2706

1993-94 152 884 337 1822 489 2706

1994-95 152 884 337 1822 489 2706

1995-96 152 884 337 1822 489 2706

1996~97 152 884 337 1822 489 2706

1997-98 152 901 325 1832 477 2734

1998-99 128 901 323 1832 451 2734

1999-00 130 936 325 1832 455 2768~

(Source: Statistical Yearbook of Bangladesh, 2000)
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Figure 4.2: Road Network of Bangladesh
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Not all of the districts have railway tracks or stations. Table 4.6 gives the district-wise

route km and number of rail stations. The railways of Bangladesh is shown in Figure 4.3.

Table 4.6: District-wise Rail Stations and Route Km Statistics

SI. District Station Route SI. District Station Route
No. Km No. Km

1 Bagerhat 0 31.32 23 Rangpur 7 70.71
2 Khulna 9 32.19 24 Gaibandha 12 98.97
3 Jessore 11 89.58 25 Bogra 16 84.89
4 Jhinaidaha 5 35.80 26 Tangail 1 5.00
5 Chuadanga 10 43.45 27 Jamalpur 19 99.00
6 Faridpur 0 46.43 28 Netrokona 13 70.30
7 Gopalganj 3 12.99 29 Kishorganj 11 78.75
8 Rajbari 10 88.84 30 Mymensingh 24 132.00

9 Kushtia 7 78.00 31 Gazipur 11 64.15
10 Serajganj 18 52.30 32 Dhaka 7 27.50
11 Pabna 10 48.25 33 Narayanganj 2 9.50
12 Nawabganj 6 48.48 34 Narshingdi 12 46.58
13 Rajshahi 13 69.75 35 Sunamganj 3 13.90
14 Natore 8 61.16 36 Brahmanbaria 16 72.07

15 Naogaon 5 19.55 37 Habiganj 25 85.87

16 Joypurhat 5 43.85 38 Moulvibazar 14 125.33

17 Thakurgaon 7 42.65 39 Sylhet 8 50.64
18 Panchagarh 5 22.53 40 Noakhali 8 28.44
19 Nilphamari 9 59.55 41 Chandpur 10 40.69
20 Kurigram 10 42.65 42 Comilla 16 109.36
21 Dinajpur 8 159.39 43 Feni 5 50.69

22 Lalmonirhat 16 110.97 44 Chittagong 44 174.32

(Source: Annual Report of Bangladesh Railway, 2001)
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As of June 2001, the Bangladesh Railway possesses a fleet of 277 locomotives (75

broad gauge and 202 meter gauge), 1275 passenger carriages (262 broad gauge and

1013 meter gauge), 136 other coaching vehicles and 13755 freight wagons in four

wheeler terms. With these rolling stocks BR provides passenger and freight services

throughout the country through 452 rail stations.

4.3.3 Inland Water Transportation

Inland water transport is the oldest mode of transport in the country and best suited to

the deltaic nature of the country's geography as almost two thirds of the country is

flooded and remains in submerged condition for approximately three months in a year.

The inland water transport is composed of both mechanized and non-mechanized water

vessels. Mechanized water vessels include launch, steamer, troller, and engine fitted

country boats. Non-mechanized water vessels are the country boats of different sizes.

These water vessels provide services across the country's navigable waterways. The

navigable waterways of the country consist of approximately 5,968 km during the

Monsoon and approximately 3,600 km during the dry season (Annual Ports and Traffic

Report, BIWTA, 1998-99). The river network of Bangladesh is a natural drainage of the

country and it has been a major means of transportation for some areas, specifically the

southem districts of the country. The inland water transportation services are

predominantly provided by the private sector.

The Public sector operates through Bangladesh Inland Water Transport Corporation

(BIWTC). This organization operates along with the private sector for inland passenger

transportation, coastal regions passenger transportation, ferry services and freight

transportation services. BIWTC owns total 217 vessels. Generally, in an average 80% of

the vessels are in operation, while remaining 20% vessels are either in maintenance or

in survey works. According to the last survey (1999), the total number of IWT registered

vessels is 5155 with 0.233 million passengers and 1.032 million ton freight
transportation capacity.

Another Govemment organization, Bangladesh Inland Water Transportation Authority

(BIWTA) is responsible for development, maintenance and control of inland water

72



transportation and certain inland navigable waterways of the country. This organization

carries out river conservancy works including river training works for navigation

purposes, conduct hydrographic survey services and develop, maintain and operate

inland river ports, landing and terminal facilities. At present there are seven river ports

and 280 plus BIWTA recognized launch ghats in the country. However, there are

approximately 1,400 landing points on the bank of the rivers with good to moderate port
;'1

facilities (BITSS, 1998).

Since 1972, Bangladesh Shipping Corporation (BSC) has been operating its ocean

going vessels from Bangladesh to different international 'destinations throughout the

globe. Table 4.7 presents the share of BSC in the import and export business of the

country. The navigable waterway of Bangladesh is shown in Figure 4.4.

Table 4.7: Share of BSC in the Import and Export Business of the Country (in 'Yo)

Financial Year Import Export

1994-95 16.53 13.81

1995-96 13.45 15.67

1996-97 14.46 12.68

1997-98 13.32 13.33

1998-99 9.68 9.42

1999-00 9.59 7.76

2000-01 (Jul-Oec) 19.34 9.38

(Source: Economic Review of Bangladesh, 2001)
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There are two seaports in Bangladesh: Chittagong and Mongla (Khulna District). These

two ports playa significant role in handling freight traffic originated within and outside

the country. Bangladesh foreign trades are essentially sea bome and more than 90% of

foreign trades take place through these two ports.

Table 4.8 presents the cargo handling statistics of these two ports. Both of the traffic

and freight are growing in both of the ports with a significant increase in the Chittagong
port.

Table 4.8: Cargo Handled at the Sea Ports of Bangladesh (thousand Metric Ton)

(Source: Statistical Yearbook of Bangladesh, 2000)

Financial Year Cargo Handled at Cargo Handled at Total
Chittagong Port Mongla Port

1990-91 7209 2461 9670
1991-92 7038 2651 9689
1992-93 7614 2379 9993
1993-94 7918 1931 9849
1994-95 10055 2827 12882
1995-96 10189 2839 13028
199q-97 10498 2694 13192
1997-98 8386 2868 10732
1998-99 10514 3321 11254
1999-00 11326 2700 14026

4.3.4 Air Transportation

Air transport in Bangladesh is predominantly a public sector concern. Very recently a

handful number of private aircrafts are operating their flights for domestic air

transportati~n' only. Biman Bangladesh Airlines is the state owned air transportation

service provider. With its fleet of 6 DC 10-30, 4 air Bus A310-300 and 3 F-28 aircrafts

Biman is operating at 7 domestic and 26 international destinations. Table 4.9 presents

the passenger and freight transportation statistics of Biman:
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Table 4.9: Passenger and Freight Transportation by 8irnan

Financial Year Passenger [Million] Freight [Ton]

Domestic /Intemational Domestic I International
1995-96 0.46 0.80 732 31738.
1996-97 0.50 0.86 750 30090
1997-98 0.39 0.87 563 31750
1998-99 0.36 0.87 689 30180
1999-00 0.35 0.92 582 36248

2000-01 (Jul-Dec) 0.18 0.48 219 20549

(Source: Economic Review of Bangladesh, 2001)

4.3.5 Modal Share

According to the last Bangladesh Integrated Transport Sector Study (BITSS, 1998), the

modal share for passenger transportation is shown in Table 4.10.

Table 4.10:Share of different modes of transportation

Year Passenger Transportation [%]

Road Rail Water Total
1974-75 54 30 16 100
1984-85 65 20 16 100
1988-89 68 17 15 100
1992-93 75 12 13 100
1996-97 73 13 14 100

(Source: BITSS, 1998)
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Figure 4.5: Map of Bangladesh showing Integrated Transportation Network
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Like other countries of the world, reliability on road transportation for passenger

transportation has been increased over the years. The reasonprobably is the flexibility

of this transportation mode in terms of number of stoppages, easy participation of the

private transport service providers and increase in road network in the country. Another

reason is that as there is no any light rail system in the country, intra-city passengers
have to travel by road transport only.

Passenger transportation through inland water transport also shows increasing trend.

The great number of rivers, tributaries, canals, haors and bills and the fact that almost

three months in a year a large portion of the country (almost two third) remains under

water, inland water transport provides accessibility into the remotest part of the country
and at the cheapest fare.

Although the number of rail passenger has declined over time, the inter city passenger

services has gained popularity because of limited stoppage, fairly good on-board

services and punctuality. However, the success of the inter city service has been

confined to the areas where Bangladesh Railway has comparative advantage in
expanding cost-effective passenger service (BITSS, 1998).

Table 4.11: Modal Share of Freight Transportation in Bangladesh

(Source: Statistical Yearbook of Bangladesh, 2000)

Year Freight Transportation [in % on the basis of Metric Ton]
Rail Road InlandWater Air Total

1990-91 1.98 63.77 34.25 0.002 100.00
1991-92 1.94 62.70 35.36 0.002 100.00
1992-93 1.82 62.17 36.01 0.002 100.00
1993-94 1.80 61.44 36.76 0.001 100.00
1994-95 1.94 62.02 36.04 0.001 100.00
1995-96 1.74 61.80 36.45 0.001 100.00
1996-97 1.95 61.48 36.57 0.001 100.00
1997-98 2.04 61.33 36.63 0.001 100.00
1998-99 2.09 61.87 36.03 0.001 100.00

1999-00 (P) 2.08 62.85 35.07 0.001 100.00
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Figure 4.6: Freight Transportation Trend in Bangladesh

The predominance of road transport in freight transportation is again due to the

flexibility, conveniences of this mode and fast expansion of the country's road network.

Road and inland water modes transport the largest share of freight. The dominance of

water transportation is due to relatively cheap fare and accessibility provides by this

mode. About 50% of the land area and three fourths of the economic activities in the

country are located within a distance of 10 km from the nearest navigable waterways

(BITSS, 1998). As shown in Table 4.11 and Figure 4.6, roadway and waterway satisfies. .

63 and 35 percent of the goods movement demand of the country. Although freight

transportation by rail is showing a lillie increase in recent years, it is not comparable to
the other two modes in terms of volume.

4.4 DataCollection

The purpose of the study is to construct a best practice regional production frontier from

the data of 20 greater districts of Bangladesh. At present, there are 64 districts in

Bangladesh. These 64 districts actually are the divisions of the previous 20 greater or

former districts. The data for the former 20 districts will be analyzed using DEA

considering each district as an individual production unit. Each district is assumed to be

an individual production unit, utilizing its land, labor and capital to produce output.

However, the frontier approach does not necessarily observe the true (unobserved)

technical frontier. It only observes the best practice frontier.
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For each of the 20 districts the inputs to be considered are:

• Total population and Population Density expressed as people per Sq. Km.
• Agricultural land area in Sq. Km.

• Industrial asset expressed in terms of million taka (Bangladeshi currency).
• Accessibility index.

A region with poor quality agricultural land and with relatively more manufacturing or

service industries may attract more people to live in that region. Again, a region with

fertile and relatively abundant agricultural land mayor may not attract more people to

live there depending on land ownership, technology applied in agricultural production
,

(machine dependent production or human labor dependent production), etc. There

could be several reasons of higher population density, however, people gather in places

where, more scopes of eaming are available. Thus in this study, population density is

assumed to be a proxy variable to capture the district specific effects.

The outputs to be considered for each district are:

• Primary sector GDP of the districts.

• Secondary sector GDP of the districts.

• Tertiary sector GDP of the districts.

The output variable i.e. Gross Domestic Product (GDP) is measured in current market

price of each of the region. Information regarding regional contribution to GDP will be

obtained from national economic census.

4.4.1 Effective Land Area

Agricultural land area of each district expressed as square km includes agricultural land,

forestland, mining areas and water bodies and excludes industrial areas, settlements

and other institution areas. The assumption is that the agricultural land area is being

utilized for primary production (agriculture, mining, forestry, etc.). The water bodies are

being utilized for fisheries and aquaculture, etc. Industrial Asset expressed in million

Bangladeshi Taka represents each districts manufacturing industrial capital. Table 4.12

and Figure 4.7 show the area of the 20 Greater Districts of Bangladesh as in the year
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2000. It is observed that, Rangpur is the largest and Tangail is the smallest of the
districts under consideration in the study.

Table 4.12: Effective Area of the 20 Greater Districts of Bangladesh

District
Dhaka

Mymensingh
Jamalpur
Tangail
Faridpur

Chittagong
Ctg. Hill Tracts

Noakhali
Camilla
Sylhet
Rajshahi
Dinajpur
Rangpur
Bogra
Pabna
Khulna
Barisal

Patuakhali
Jessore
Kushtia

Area (in sq-km) Effective Area (in acre)
6166 10372
8745 15500
3056 5670
3082 5362
5720 10761
5667 10328
12236 13719
3662 8778
5095 11052
10930 15767
8365 12796
6234 10959
7992 16062
3448 6912
4133 7430
10478 13889
5234 12343
3274 6625
5913 10963
3216 5597

(Source: Statistical Yearbook of Bangladesh, 2000)
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4.4.2 Total Population and Population Density

Population Density is determined as the ratio of total population of any district to the

total area of that district. This input variable is assumed to capture the available labor

and as a proxy variable to capture the district specific effects. The district specific effects

include the difference in agricultural land fertility, various institutional facilities variation,
etc. Higher population density may imply higher economic activity. Each district is

different with respect to various micro units. Usually regional or country studies consider

the sum of all micro units as a single production unit and assume away differences

between firms within each regional or national boundary (Puig-Junoy, 2001). Table 4.13

shows the population trend of Bangladesh in last few decades.

Table 4.13: Population Trend of Bangladesh
Year PODulation(thousand)
1951 41933
1961 50909
1974 71478
1981 87120
1991 106315

(Source: Statistical Yearbook of Bangladesh, 2000)

Figure 4.8 shows the population of 20 Greater Districts of Bangladesh for last two

decades. It is observed that, population has increased in all the districts in the

mentioned time period. Among the districts, Dhaka has always been the largest and

Chittagong Hill Tracts has always been the lowest in respect of population.

Figure 4:9 shows the percentage of total population of the 20 Greater Districts for last 20

years. Here, it is observed that, percentage share in population has increased in Dhaka,

Chittagong and also in Chittagong Hill Tracts, whereas this percentage has decreased
significantly in Khulna and Barisal.

Table 4.14 shows the district wise population and population density. Figure 4.10 shows

population density of the districts. It is observed that, Dhaka and Comilia are the largest

among the districts in terms of population density whereas Chittagong Hill Tracts is the
smallest.
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(Source: Statistical Yearbook of Bangladesh, 2000)

Population Density Total Population
Zone (per sq-km) (thousand)
Dhaka 2311.87 17198
Mymensingh 819.55 8902
Jamalpur 953.13 3335
Tangail 927.42 3254
Fandpur 854.02 5985
Chittagong 1067.78 8302
Ctg. Hill Tracts 99.64 1325
Noakhali 870.18 5208
Camilla 1364.35 9163
Sylhet 627.18 7900
Rajshahi 802.78 7579
Dinajpur 697.99 4643
Rangpur 938.75 9074
Bogra 986.62 3833
Pabna 998.36 4861
Khulna 466.18 5693
Bansal 705.81 5830
Patuakhali 453.05 2282
Jessore 836.61 5494
Kushtia 938.48 . 3280

Table 4.14: Population and Population Density of the Districts
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Figure 4.8: Population of 20 Greater Districts for last 20 years
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4.4.3 Capital Structure

Capital Goods form the durable goods of an economy, produced by the economy in

order to produce yet other goods. Capital goods include the countless machines, roads,

computers, hammers, trucks, steel mills, buildings. Table 4.15 shows the total capital of
Bangladesh for last 25 years.

Table 4.15: Trend of Capital in Bangladesh

Year Capital (in million taka)
1975 56,044
1980 129,029
1985 260,054
1990 391,080
1995 649,440
2000 875,764

(Source: Economic Review of Bangladesh, 2001)

Figure 4.11 shows capital of the 20 Greater Districts for last two decades. Capital has

been observed to increase in every district indicating increase in trade and commerce.
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Figure 4.11: Capital of the 20 Greater Districts for last 20 years
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4.4.4 Accessibility

For measuring the accessibility of the regions, first the Least Generalized Cost Route for

each mode has been identified using Classical Transportation Model. Then the travel

cost for each origin-destination pair for a particular mode is calculated. Travel Time Cost

and Rate of Fare of different modes has to be known for measurement of accessibility
index.

Several studies have been made to assess the Travel Time Cost (TIC) in context of

Bangladesh. Jamuna Bridge Feasibility Study, JBFS (1989) estimates TIC's for bus

passengers alone, which were based on average incomes derived from a survey of

passengers on the Dhaka-Aricha Ferry. The weighted average TIC came to be Tk. 7.84

per hour. Road Master Plan (1992) based their TIC's on the JBFS to give an economic

value of Tk. 8.00 per hour for bus passengers. Values of Tk.15.00/hr and Tk.201hr for

utility and cars respectively were also derived. Road Materials Standards Study (1994)

based their costs on the RMP and gave value as in the Table 4.16. These were adopted

by IDC and adjusted by changes in average GOP per capita to give 1996 and 1998
values as shown in Table 4.16.

Table 4.16: RMSS and IDC TIC's (in Tklhr)
Vehicle Tvoe RMSS 1992 IDC 1996 IDCCar 23 26 27Utility 17 19 20Bus 9 10 11

Dhaka Urban Transport Study Phase-2 (1996) estimated TIC's for use in Dhaka based

on a household interview survey and TIC values in Tklhr in 1996 prices were for bus

5.52, for tempo 4.79, for car 19.17, for autorickshaw 12.48, for motorcycle 12.08 and for

bicycle 3.51. Dhaka Eastem Bypass Study (1997) TIC values in Tklhr/occupant were

for car occupants 74.4, for air conditioned coaches 35.6, for chair class coaches 33.6,

for ordinary buses 28.8 and for truck owners 49.1. Travel Cost Survey (1997) suggested

an average set of TIC's which can be applied to vehicles throughout Bangladesh,

irrespective of the region or class of road, as shown in Table 4.17. Rahman (2000), in

his study on the TIC for inter-city bus passengers in Bangladesh, found average value
of TIC to be Tk. 54 per hour for such passengers.
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Table 4.17: Travel Cost Survey TTC's (in Tklhr)

SUNey Location Type of Vehicle Road Type TTC (Tklhr)
Aricha Ghat NC Bus Main Road 31.4
Aricha Ghat Chair Class Bus Main Road 26.9
Feeder Road Tempo F3031/F3032 09.9
Feeder Road Ordinary Class Bus F3031/F3032 13.5
Feeder Road Ordinary Class Mini Bus F3031/F3032 10.5

Table 4.18: Rate of Fare of Different Modes in Bangladesh

Transport Fare (Taka per Passenoer per Kilometer)
Corporation 1993-4 1994-5 1995-6 1996-7 1997-8 1998-9 1999-0
Railway 0.23 0.23 0.25 0.26 0.29 0.35 0.36
BRTC 0.32 0.32 0.32 0.32 0.32 0.32 0.47
BIWTC 0.33 0.33 0.33 0.33 0.33 0.26 0.26
Biman 2.73 2.69 2.62 2.84 2.82 2.94 2.99
(Source: Statistical Yearbook of Bangladesh, 2000)

Rate of fare of different modes (public) of Bangladesh is shown in Table 4.18.

Trip Generation, Attraction and Distribution have been considered in the analysis

through population and GDP of different zones. In Modal Split, road, rail and waterway

have been considered. These modes has been analyzed by using Capacity Constraint

Traffic Assignment based Least Generalized Cost algorithm to identify the most feasible

path between the origin destination pairs for each mode.

As mentioned earlier, the Classical Transportation Model considers three modes of

transport - roadway, railway, waterway. The roadway consists of Feeder Roads,

Regional and National Highways on the basis of design parameters used by Roads and

Highways Department and Local Government Engineering Department. Ferries are

considered in the form of low speed links. The railway system used in the analysis

consists of the railway network and waterway system consists of the waterway network

of the country. For the case of railway in few instances and in case of waterway

network, feeder road type A has been considered as access mode to the nearest
terminal.
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Procedure for calculating Accessibility Index is explained by the schematic diagram of
Figure 4.12.

Figure 4.12: Schematic Diagram Showing Three Modes of Transportation between i and j

For a specific mode there can exist a number of alternative paths between two zones.

The least cost path between zones "i" and "j" are shown in the figu reoThe Accessibility
Index calculation is shown in the following:

Road Transportation -

Link iA Speed = 30 km/hr Distance = 10 km Travel time = 20 min.

Link AB (Ferry) Speed = 2 km/hr Distance = 1 km Travel time = 30 min.

Link Bj Speed = 40 km/hr Distance = 20 km Travel time = 30 min.

Total time required to reach j from i by road transport is 2 hours.

Value of time (@ Taka 10.00 per hour) = 2*10 = 20.00 Taka.

Fare for traveling 31 km (@ Taka 1.00 per km) = 31 *1.00 = 31.00 Taka.

Total cost involved tij" = (20+31) = 51.00 Taka.

Waferway Transportation -

Link ij Speed = 20 km/hr Distance = 35 km Travel time = 1.75 hr.

Value of time (@ Taka 10.00 per hour) = 1.75*10 = 17.50 Taka.

Fare for traveling 35 km (@ Taka 0.50 per km) = 35*0.50 = 17.50 Taka.

Total cost involved ~jw= (17.50 +17.50) = 35.00 Taka
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Railway Transportation -

Link ij Speed = 40 km/hr Distance = 40 km Travel time = 1 hr.

Value of time (@ Taka 10.00 per hour) = 1'10 = 10.00 Taka.

Fare for traveling 35 km (@ Taka 0.75 per km) = 40'0.75 = 30.00 Taka.

Total cost involved tijr= (10.00 +30.00) = 40.00 Taka.

The composite travel impedance or Composite cost,

tij = -In (exp (-51) + exp (-40) + exp (-35)) = 34.99

This example presents the procedure of calculating compound travel impedance

between two zones I regions. The routes considered here are the shortest paths with
respect to each mode.

When, there are four zones (for example) z1, z2, z3 and z4 other than zone i. Then '1;(

of equation (i) becomes '1iz,".

The Accessibility Index of Zone "i" will then be:

Ai = PZl exp (-~Zl)+ Pz2exp (-tiz2)+PZ3exp (-liZ3)+PZ4exp (-tiZ4)

Where, Pz1,Pz2,PZ3and PZ4are the population of the respective zones.

This is to be noted that, between the districts there exists various paths to travel for all

three modes of transportation. For each mode only the least cost path is considered in

the analysis. Roadway, Waterway and Railway modes are considered in this study. The

airway is disregarded because of its very low modal share in Bangladesh. Also, the

value of time is determined from a nationwide transport survey, as mentioned earlier.

The above procedure is used to calculate the Accessibility Indices of the 20 districts of

Bangladesh. The effect' of geographical location of a district in calculating the

Accessibility Index is explained below with the help of the following hypothetical
example.
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Figure 4.13: The Transportation Network of a Hypothetical Country Consisting of 5 Regions

The hypothetical country shown in Figure 4.13 consists of five regions A, B, C, D and E.

The transportation network and the corresponding composite cost are shown in the
figure. Population of A, B, C, D and E are 1000, 1500,2500, 2000 and 3000

respectively. The composite cost of travel for each origin-destination pair is assumed as

in the Table 4.19. The calculated accessibility indices of the regions are shown in Table
4.20.

Table 4.19: Assumed Composite Cost of Travel for each 0-0 Pair (in Taka)

Region A Region B Region C Region D Region E
Region A - 40 100 70 50
Region B 40 - 80 100 50
Region C 100 80 - 60 50
Region D 70 100 60 - 50
Region E 50 50 50 50 -
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Table 4.20: Accessibility of Each Region

Region A B C D E
Pop A • exp (-CC/10) - 18.32 0.05 0.91 6.74
Pop B • exp (-CC/1 0) 27.47 - 0.50 0.07 10.11
Pop C • exp (-CC/1 0) 0.11 0.84 - 6.20 16.84
Pop D • exp (-CC/1 0) 1.82 0.09 4.96 - 13.48
Pop E • exp (-CC/1 0) 20.21 20.21 20.21 20.21 -

Accessibility 49.61 39.46 25.72 27.39 47.17

Suppose, that the total cost required to travel from one region to the rest of the regions

represents the accessibility index of the respective region. If it can be proved that

relatively lower accessibility index contributes positively to that particular region's

inefficiency, such a conclusion can be drawn that the accessibility of that particular

region should be increased in order to increase its efficiency. The improvement may be

done by improving the roadway condition, or by improving the transportation service and
so on.

In the proposed method, the relatively higher or lower impact of higher or lower

accessibility will be reflected in the relative weights attached (endogenously determined

by DEA) to the accessibility index during the determination of relative efficiencies of

different districts (regions).

During the calculation of the accessibility index both distance and time to travel from one

zone to another are considered. It also considers the population of the zones. Yet, the

fixed effect due to geographical location remains. In such cases, improvement of

transportation service could be an important component of the improvement in

accessibility of any particular region.

Figure 4.14 shows the accessibility of 20 greater districts for last two decades. It is

observed from the figure that, accessibility conditions in all districts have improved

throughout the years and the accessibility of Dhaka has always been the highest.
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Figure 4.14: Accessibility of 20 Greater Districts for last 20 years

4.4.5 Gross Domestic Product

Figure 4.15 is constructed from the last ten years GOP data of the former 20 districts of

Bangladesh. The GOP is at current price and expressed in billion taka (Bangladeshi

Currency). Over the last ten years the GOP has increased. From this figure, the relative

position of the districts and the trend of GOP increase are evident. The GOP is almost

doubled within the last ten years. Estimated GOPs of the country in recent years at

constant and current market prices are presented in Table 4.21.

Figure 4.16 represents the relative contribution of the districts into the GOP of

Bangladesh expressed as percentage of the total GOP. It is observed that, Ohaka

contributes most significant amount of national income which is followed by Chittagong.

It may also be observed that within this ten-year period, the relative position of the

districts in their contribution to the GOP has not changed much. No any district's

contribution has increased relative to other districts significantly. Although within this

period many development projects have been implemented in many districts, the

relative position remains almost the same, as it was ten years back.
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a 1989-SO
c 1994-95
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(Source: Economic Review of Bangladesh, 2001)

'" .r: 5 ••• 5 0>

'" <ii .!'l ;; :E 5 5 ~ '" '" ~
<ii !!! .~-" 0> C Of c c'" .~ 0. 0> 0. 0 0 .r: E .r: '" 0. 0. 0> .c "3 :i! 0 .r:<ii c :g -" ;t .r: •••• 0> S '" '"

.r: 0> .'" '" '"0 E '" '" O>~ '" 0 c c a.. ;2 '" '" '" :>
c

~ (31- 0 •••• '" lD :> •• ~•• '" l- .E Z 0 a: is a: n; ....,~
...., .r:

0 a..::;

Year Exchange Rate GOP at Current Price GOP at Constant
(1 USO =...Tk)

(1995-96) Price
Million Tk. Million US $ Million Tk. Million US $

1991-92 38.15 1195420 31334.73 1392000 36487.55
1992-93 39.14 1253690 32030.91 1455680 37191.62
1993-94 40.00 1354120 33853.00 1515140 37878.50
1994-95 40.20 1525180 37939.80 1589760 39546.27
1995-96 40.84 1663240 40725.76 1663240 40725.76
1996-97 42.70 1807010 42318.74 1752850 41050.35
1997-98 45.46 2001770 44033.66 1844480 40573.69
1998-99 48.06 2196970 45713.07 1934290 40247.40
1999-00 50.31 2370860 47125.02 2049280 40733.06
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Figure 4.15: GOP of 20 Greater Districts for Last 10 years
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It should be noted that, in Bangladesh infrastructure facilities such as health facilities,
educational institutions, electricity transmission lines, drinking water facilities have been

provided more uniformly than transportation infrastructure. Although, many

transportation infrastructures such as roads, inland water transportation facilities, rail

stations, new airports have been built in both rural and urban areas of the country, yet

there exist regional disparities. It is frequently observed that investment priorities

concentrate more on already developed areas under the pretext of higher rate of return.

Consequently such investments are expected to result in imbalance in production factor

and inefficiencies in production process. It might be possible that with relatively excellent

transportation infrastructure facilities some districts are not producing efficiently. Again,

some districts might have economic potential but poor accessibility is acting as a

hindrance to efficient economic activities resulting in relatively poor contribution to GDP.
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Figure 4.16: Greater 20 District's Share in Total GDP of the Country
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Table 4.22: Sectoral Contribution of Different Sectors into GOP

(in Current Market Price) (in %)

(Source: Economic Review of Bangladesh, 2001)

Important 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01
Sectors

(P),

1. Ag ricu Iture ,
28.39 25.28 24.73 25.33 24.64 24.73 24.48 25.25 24.62 23.31

2. Mining and Quarrying 0.88 1.01 1.01 1.01 1.00 1.00 0.98 0.94 0.97 1.04
3. Industry 13.44 14.35 14.75 14.73 14.82 14.98 15.62 14.92 14.69 14.98
4. Construction 5.90 6.01 6.14 6.36 6.62 6.73 6.92 7.11 7.43 7.63
5. Transport, Storage and Communication 9.38 9.53 9.37 8.87 8.71 8.62 8.36 8.21 8.33 8.74
6. Power, Gas, Water and Sanitary Services 1.50 1.56 1.56 1.49 1.44 1.41 1.32 1.29 1.30 1.32
7. Trade Services 12.41 12.54 12.67 12.95 12.98 12.77 12.99 12.99 12.93 13.45
8. Housing 8.27 8.66 8.86 8.59 9.09 9.02 8.81 8.91 8.92 8.83
9. Public Admin and Defense 2.17 2.48 2.50 2.42 2.42 2.45 2.48 2.53 2.63 2.65
10. Banking and Insurance 1.37 1.44 1.48 1.47 1.51 1.53 1.49 1.53 1.54 1.55
11. Professional and Miscellaneous. 16.29 17.14 16.93 17.18 16.82 16.77 16.55 16.32 16.64 16.50
Total 100 100 100 100 100 100 100 100 100 100

.



4.4.6 Sectoral Contribution to GOP

Annual contribution of important sectors to the GDP of the country in recent years at

base 1995-96 constant market prices is shown in percent in the Table 4.22. Sector wise

GDP of the 20 greater districts is shown in Table 4.23 and Figure 4.17.

Table 4.23: Sector Wise GOP of 20 Greater Districts (in million Taka)

Agricultural Industrial Service
District Sector Sector Sector
Dhaka 31208 63365 155498
Mymensingh 38870 10640 70069
Jamalpur 14609 9453 25560
Tangail 14771 5739 27191
Faridpur 24192 9503 57960
Chittagong 35159 56425 91267
Ctg. Hill Tracts 39527 3379 19131
Noakhali 18378 7477 41289
Comilla 32202 16100 86227
Sylhet 33861 14123 68991
Rajshahi 32950 8371 56970
Dinajpur 21322 6009 35319
Rangpur 39005 10742 66242
Bogra 19768 5141 31548
Pabna 15124 6540 33698
Khulna 34761 14951 56076
Barisal 25487 8431 57213
Patuakhali 13573 3796 16539
Jessore 28547 7205 44956
Kushtia 14366 6198 25102

(Source: Statistical Yearbook of Bangladesh, 2000)
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Efficiency of unit j

From the plot it is evident that there exists no linear relationship between population

density and agricultural land area or manufacturing industrial asset. Therefore, the

higher agricultural land, higher manufacturing industries or other industries (service)

alone may not imply higher population density. Rather, it may be assumed that higher

population density may imply higher economic activities.

The efficiency of each district will be calculated using the CCR (Chames, Cooper,

Rhodes, 1978) version DEA. As stated earlier, that efficiency is defined as the ratio of a

weighted sum of the outputs of a productive unit to a weighted sum of its inputs,

constrained to lie between unity (efficient) and zero. Thus, for a district the relative
efficiency can be defined mathematically as follows:

u'Y'j+u2Y2j+",+u'Y'i :51
v ,X'j + V2X2j + ... + VjXij

Where, u,= weight of output r

y'j = amount of output r from district j

Vi= weight of input i

Xij= amount of input i of district j

for 20 districts, j = 1, 2,3, , 20

for 3 outputs, r = 1, 2, 3

for 4 inputs, i = 1, 2, 3, 4

It is assumed that under a given production process each district will optimize its

efficiency under the constraint of availability of input factors. Consequently, for a known

input-output volume the above equation becomes an optimization problem. Here the

solution produces weights, which are most favorable to district j and provides a measure

of efficiency. A value equal to unity implies complete efficiency. The weights are specific

to each unit so that: Efficiency = 1 represents full efficiency and Efficiency < 1 implies

presence of inefficiency. As described earlier, the CCR version of DEA model is:
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Model 1:

Subject to,

l:;ur
r

E >0;

for each district j.

The application of this model can best be understood by the following example. The

data set presented in Table 4.24 is considered in constructing the example with the
assumption that the endogenously determined weights are known.
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Table 4.24: Input and Output Data of 20 Districts

GOP Population

(Million Area Density Accessibility Normalized Normalized Normalized Normalized
District Taka] [Sq. KmJ [/sq-km] Index GOP Area Pop. Den Ace.lnd

Dhaka 104425 6166.5 2311.87 6.218 10 5.04 10 10
Mymensingh 47011 8745.3 819.55 3.176 4.50 7.15 3.54 5.11
Jamalpur 20205 3056.7 953.13 1.178 1.93 2.50 4.12 1.89
Tangail 19195 3082.4 927.42 1.529 1.84 2.52 4.01 2.46
Faridpur 36127 5720.8 854.02 1.56 3.46 4.68 3.69 2.51
Chitlagong 78834 5667.6 1067.78 1.783 7.55 4.63 4.62 2.87
Ctg.Hili Trcts 21620 12236 99.64 0.17 2.07 10.00 0.43 0.27
Noakhali 26467 3662.5 870.18 1.258 2.53 2.99 3.76 2.02
Comilla 54637 5095.4 1364.35 2.694 5.23 4.16 5.90 4.33
Sylhet 48978 10930.6 627.18 1.536 4.69 8.93 2.71 2.47
Rajshahi 37578 8365 802.78 2.055 3.60 6.84 3.47 3.30
Dinajpur 25568 6234.5 697.99 1.021 2.45 5.10 3.02 1.64
Rangpur 45761 7992.8 938.75 2.234 4.38 6.53 4.06 3.59
Bogra 22233 3448.7 986.62 1.063 2.13 2.82 4.27 1.71
Pabna 22074 4133.5 998.36 1.471 2.11 3.38" 4.32 2.37
Khulna 41387 10478.4 466.18 1.641 3.96 8.56 2.02 2.64
Barisal 35506 5234.7 705.81 1.715 3.40 4.28 3.05 2.76

Patuakhali 14690 3274.3 453.05 0.521 1.41 2.68 1.96 0.84
Jessore 33348 5913.4 836.61 1.642 3.19 4.83 3.62 2.64
Kushtia 18392 3216 938.48 1.099 1.76 2.63 4.06 1.77

The relative efficiency of district Tangail is to be calculated using model 1. Applying

model 1• the relative efficiency of Tangail with respect to all 20 districts is:

Maxho(Tangail) = 1.84u
2.52v 1 + 4.01v 2 + 2.46v 3
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Subject to,

10.0u
---------« 1.0 (for Dhaka)
5.04v, +10.0v2 +10.0vo

4.50u < 1.0 (for Mymensingh)
7.15v, +3.54v2 +5.11vo

...... for 19 districts

As stated earlier, the weights leading to the maximum efficiency score are produced

during the calculation. In this example, suppose the weights are known, which are the
following:

Weight of GOP = 2.30, Weight of Area = 3.38, Weight of Population Density = 0.01, and

Weight of Accessibility Index = 0.59.

Putting the weight values in the constraints and in the objective function, the efficiency

score is achieved as shown in Table 4.25.

Table 4.25: Efficiency Values of 20 Districts

District Efficiency District Efficiency

Values Values

Dhaka 1.00 Rajshahi 0.33

Mymensingh 0.38 Dinajpur 0.31
Jamalpur 0.46 Rangpur 0.42
Tangail 0.42 Bogra 0.46

Faridpur 0.46 Pabna 0.38
Chittagong 1.00 Khulna 0.30

Ctg. Hill Tracts 0.14 Barisal 0.49

Noakhali 0.51 Patuakhali 0.34

Camilla 0.72 Jessore 0.41

Sylhet 0.34 Kushtia 0.41
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Tangail is the target district in this calculation. The calculated relative efficiency is 0.42.

Since, Dhaka and Chiltagong has relative efficiencies 1.00 in this part of calculation,
these two districts are the peer districts for Tangail.

This calculation gives the efficiency and the corresponding weights (although these

weights have been assumed as known for example only) of inputs and outputs of

Tangail district only. Similarly, to calculate the relative efficiency and corresponding

weights of rest of the 19 districts, it is necessary to perform the calculation 19 more
times.

However, the problem in Model (1) would be computationally intractable if addressed

directly. To solve this problem a linear program can be defined by constraining the

numerator or the denominator of the efficiency ration to be equal to unity. The problem

then becomes either maximize weighted output with weighted input equal to unity or

minimize weighted input with weighted output equal to unity. The proposed study is

output maximization as conceptually the districts aim to maximize their respective

GDPs, given their resource inputs. The resulting linear programming model is shown
below:

Model 2:
s

Maximize, ho = LU,Yro,-,
Subject to,

m

LVjXjo = 1
i=1

s mL u, Yrj • L VjXjj:;; 0,
r ••1 j.1

Vj I Ur ~ £ >0,

The application of model 2 in calculating the relative efficiency of Tangail district and

corresponding weights of inputs and output produces the efficiency scores as in Table,
4.25 and the weights as described earlier. However, the efficiency score of Tangail

district is the required one, rest of the efficiency scores in Table 4.25 are not accepted.

Similarly, the corresponding weights also are applicable for Tangail district only.
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It is necessary to run the above model 20 times to calculate the relative efficiency

scores of each of 20 districts. In the calculation, each district selects input and output
weights endogenously that maximize its efficiency score.

The types of analyses are presented below for the purpose of identifying suitable

framework and variable. In the first analysis, population density is used as proxy

variable to depict the effect of capital and labor force through agglomeration effect. But

in this analysis, the efficiency and log likelihood values are very low, demonstrating that
some variables might have been incorporated in the analysis.

As described earlier in chapter two, both labor and capital has significant and

independent role in the analysis of efficiency. Under these circumstances, the model

has been enhanced by incorporating both capital and labor as independent variables.

Hence, in the final analysis, population density is replaced by capital and labor in both

aggregate and disaggregate model. Table 4.26 shows input and output variables used
in such analysis.
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Table 4.26: Input and Output Variables used in the Analysis

GDP (Million Taka)
Effective Population Industrial AccessibilityRegion/District Capital,Total. Agriculture Industry Service Land (Sq.Km) (Million)

(Million Tk Index

Dhaka 250071 31208 63365 155498 10372 17.198 234205 6.801
Mvmensinah 119579 38870 10640 70069 15500 8.902 30460 3.332
Jamalpur 49622 14609 9453 25560 5670 3.335 21323 1.347
Tanaail 47701 14771 5739 27191 5362 3.254 9795 1.674
Faridpur 91655 24192 9503 57960 10761 5.985 23417 1.756
Chittaqonq 182851 35159 56425 91267 10328 8.302 136338 1.785
Ctg. Hill Tracts 62037 39527 3379 19131 13719 1.325 12565 0.165
Noakhali 67144 18378 7477 41289 8778 5.208 56463 1.292
Com ilia 134529 32202 16100 86227 11052 9.163 55348 2.818
Sylhet 116975 33861 14123 68991 15767 7.9 41507 1.560
Raishahi 98291 32950 8371 56970 12796 7.579 17507 2.259
Dinaiour 62650 21322 6009 35319 10959 4.643 38163 1.271
Ranqpur 115989 39005 10742 66242 16062 9.074 23342 2.532
Boqra 56457 19768 5141 31548 6912 3.833 18706 1.303
Pabna 55362 15124 6540 33698 7430 4.861 19487 1.568
Khulna 105788 34761 14951 56076 13889 5.693 58239 1.715
Barisal 91131 25487 8431 57213 12343 5.83 17122 1.818
Patuakhali 33908 13573 3796 16539 6625 2.282 9450 0.545
Jessore 80708 28547 7205 44956 10963 5.494 35047 1.725
Kushtia 45666 14366 6198 25102 5597 3.28 17283 1.197
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4.6 Analysis of the Results

The following sections illustrate the results of the analyses. The first analysis deals with

efficiency on the basis of aggregate production measured by total GOP and provides

information regarding overall efficiency. In the second analysis, the contribution of

primary, secondary and tertiary sectors are considered separately. Such differentiation
facilitates identification of the relationship between output and specific inputs. In

particular, it provides significant insight regarding the role of accessibility in various
sectors of production.

4.6.1 Aggregate GOP Model

Aggregate GOP model defines efficiency as the ratio of weighted total GOP and

weighted sum of input factors. The estimated efficiency explains the overall level of

economic activity with respect to the input factors. The higher the efficiency, the better is

the utilization of input resources. Also higher values of the weights of the input variables

imply that such variables become binding constraints in the process of optimization.

Marginal rate of retum for further investment is provided by the values of weights. A
uniform value of the weight implies a balanced utilization of resources.

The result of Preliminary Aggregate GOP Model is shown in Table 4.27. It is observed

that only three regions, among the twenty regions considered in the analysis, operate at

highest efficiency level. But even among these three regions there exists imbalance in

utilization of input factors. In the case of Dhaka, unavailability of land area is more

prominent. On the contrary, both Chittagong and Chiltagong Hill Tracts suffer from lack

of accessibility. In the case of Dinazpur, Bogra and Patuakhali, lack of accessibility is

identified as the most significant cause of inefficiency. As shown in Figure 4.19, the

most under developed regions are Kushtia, Jessore, Patuakhali, Pabna, Bogra,

Dinajpur, Noakhali, Chittagong Hill Tracts, Tangail and Jamalpur. From Table 4.27; it is

observed that most of these districts are inefficient with relative efficiencies lower than

60 percent. Considering that the districts with relative efficiencies lower than 60% are

economically lagging regions from the perspectives of their lower contribution into

national GOP and lower relative efficiency, it is possible to examine the role of
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accessibility in lower state of economic development. For this purpose, the weight of

accessibility is normalized with respect to the weight of the output variable. The level of

efficiency is compared with the normalized weight of accessibility which is presented in

Figure 4.19. It is evident that accessibility is acting as a hindrance for higher economic

development for Chittagong, Chiltagong Hill Tracts, Patuakhali, Bogra, Pabna, Tangail,

Jamalpur, Noakhali and Kushtia.

Table 4.27: Relative Efficiency and Weights of Input and Output

- Preliminary Aggregate GOP Model

Districts Efficiency
Weights

GDP Area Pop. Density Access
Dhaka 1.00 1.00 1.80 0.04 0.054
Mymensingh 0.71 1.58 0.23 2.35 0.010
TangaiJ 0.42 2.30 3.38 0.01 0.59
Jamalpur 0.46 2.40 3.52 0.01 0.61
Faridpur 0.56 1.62 0.23 2.41 0.01
Chiltagong 1.00 1.32 0.59 0.27 2.08
Ctg. Hill Tracts 1.00 4.83 0.34 9.36 9.62
Noakhali 0.52 2.03 2.98 0.01 0.52
Comilla 0.72 1.38 2.03 0.01 0.35
Sylhet 0.88 1.88 0.27 2.80 0.01
Rajshahi 0.58 1.62 0.23 2.42 0.01

Dinajpur 0.53 2.14 0.31 0.01 5.13
Rangpur 0.63 1.43 0.21 2.13 0.01
Bogra 0.47 2.22 0.32 0.01 5.30
Pabna 0.38 1.79 2.63 0.01 0.46
Khulna 0.93 2.36 0.34 3.50 0.01
Barishal 0.66 1.94 0.28 2.88 0.01
Patuakhali 0.59 4.17 0.59 0.01 9.99
Jessore 0.52 1.64 0.23 2.44 0.01
Kushtia 0.41 2.31 3.39 0.01 0.59
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Figure 4.19: Relative Efficiencies and Normalized Weights of Accessibility Index

The result of Final Aggregate GDP Model, as presented in Table 4.28, shows that seven

regions operate at highest efficiency level. But even among these seven regions there

exists imbalance in utilization of input factors. In the case of Dhaka, unavailability of land

area is more prominent. On the contrary, Chittagong, Chittagong Hill Tracts, Sylhet and

Patuakhali suffer from lack of accessibility. It is also noteworthy that for all the regions,

except Dhaka and Chittagong, lack of capital is identified as the most significant cause

of inefficiency. As shown in Figure 4.20, the most inefficient regions are Kushtia,

Jessore, Patuakhali, Pabna, Bogra, Dinajpur, Noakhali, and Jamalpur. From Table 4.28

although it is observed that most of these districts are inefficient with relative efficiencies

lower than 85 percent, there exists no correlation between relative efficiency and GOP.

The values of the weights of input variables, as shown in Table 4.28, provide

information regarding their effects on efficiency. Comparing relative values of the

weights of input variables it is possible to identify the sources of inefficiencies. and

constraints for increase of efficiencies. For this purpose the weight of accessibility is

normalized with respect to the weight of the output variable. The level of efficiency is

compared with the normalized weight of accessibility, which is presented in Figure 4.20.

It is evident that the effect of accessibility is most prominent for Chittagong Hill Tracts
~

(CHT). It also reveals that accessibility is acting as a binding constraint for further

economic growth for Chiltagong, Sylhet, Rangpur and Patuakhali districts.
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Table 4.28: Relative Efficiency and Weights of Input and Output

- Final Aggregate GOP Model

Weiaht of the oarameters
Reaionl District Efficiency GOP Area Pooulation Caoital Accessibilitv
Dhaka 1.000 1.000 1.403 0.027 0.050 0.017

Mvmensinqh 0.902 1.887 0.523 0.189 2.127 0.247
Jamalpur 0.876 4.422 0.927 1.871 2.865 0.247
Tanqail 1.000 5.236 1.418 0.108 11.550 0.084
Faridpur 1.000 2.725 0.817 0.178 2.646 0.489
Chiltaqonq 1.000 1.368 0.746 0.048 0.354 1.109
Clq. Hill Trcls 1.000 4.032 0.148 0.349 1.077 32.867
Noakhali 0.654 2.442 0.512 1.034 1.582 0.137
Comilla 1.000 1.859 0.789 0.083 1.474 0.157
Svlhel 0.973 2.079 0.472 0.001 1.587 1.115
Raishahi 1.000 2.545 0.037 0.054 12.095 0.118
Dinaipur 0.672 2.678 0.562 1.134 1.735 0.150
Ranqpur 0.953 2.054 0.538 0.001 2.380 0.602
Boqra 0.915 4.047 0.849 1.713 2.622 0.226
Pabna 0.802 3.629 1.223 0.001 3.821 0.504
Khulna 0.851 2.013 0.422 0.852 1.304 0.113
Bansal 1.000 2.747 0.360 0.591 6.734 0.120
Paluakhali 0.818 6.012 1.272 0.001 6.229 2.832
Jessore 0.829 2.567 0.538 1.086 1.663 0.144
Kushlia 0.865 4.726 0.991 2.000 3.062 0.264
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Figure 4.20: Relative Efficiencies and Normalized Weights of Accessibility Index

of the Final Analysis
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4.6.2 Oisaggregate GOP Model

The Oisaggregate GOP model provides knowledge regarding the interaction among the

input variables and production of different sectors. In the second analysis, all three

sectors of GOP - primary (agriculture), secondary (industry) and tertiary (trade and

services) have been considered in the output.

The result of the Preliminary Oisaggregate GOP Model is presented in Table 4.29. It is

observed that the estimated efficiencies of sector-wise model are higher than the same

of aggregate model. The efficiencies in this model correspond to individual sectors of

economy. It is observed that the role of secondary (manufacturing) sector is relatively

less significant in the efficiency of economic activities. For the districts like Tangail,

Jamalpur, Faridpur, Pabna, Bogra and Kushtia, primary sector is the driving force. For

all these districts efficiencies are still low and accessibility is the binding constraint. For

the case of Chittagong Hill Tracts and Pautuakhali, accessibility situation is extremely

poor although they are performing efficiently with respect to the limitation of resources.

The result of Final Oisaggregate GOP Model, as presented in Table 4.30, implies that

marginal effect of investment in agriculture sector would be less than the same for the

other two sectors. For the districts like Jamalpur, Tangail, Chittagong, CHT, Rangpur,

Pabna, and Patuakhali, the industrial sector seems to provide higher rate of return.

Similar to the aggregate model, the sectorwise GOP model demonstrates the scarcity of

capital as shown by the higher values of the weight of capital input factor. For the case

of Chittagong Hill Tracts, Sylhet and Pautuakhali, the accessibility situation is relatively

poor although the districts are performing efficiently with respect to the limitation of

resources. The correlation between weight of industrial GOP and Accessibility is the

highest.
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Table 4.29: Relative Efficiency and Weights of Input and Output

- Preliminary Oisaggregate GOP Model

Districts Efficiency
Weights

Primary Secondary Tertiary Area Pop. Density Access

Dhaka 1.00 0.024 0.065 0.917 1.78 0.04 0.022
Mymensingh 1.00 0.899 0.040 0.264 0.23 2.35 0.010
Tangail 0.77 2.044 0.001 0.001 2.83 0.01 1.15
Jamalpur 0.80 2.201 0.001 0.001 3.05 0.01 1.24
Faridpur 0.80 1.218 0.001 0.236 0.80 0.88 1.19
Chittagong 1.00 0.163 0.900 0.097 1.30 0.33 0.87
Ctg. Hill Tracts 1.00 1.264 1.299 0.738 0.37 9.31 8.67
Noakhali 0.91 1.889 0.001 0.001 2.62 0.01 1.06
Comilla 1.00 0.770 0.017 0.682 2.06 0.07 0.24
Sylhet 1.00 0.366 0.098 1.496 0.36 2.35 0.17
Rajshahi 0.83 0.874 0.001 0.484 0.70 1.34 0.16
Dinajpur 0.86 1.397 0.001 0.271 0.92 1.01 1.36
Rangpur 1.00 0.958 0.006 0.106 0.82 1.00 0.17
Bogra 0.99 2.054 0.001 0.001 2.25 0.01 2.11 .

Pabna 0.69 1.657 0.001 0.001 2.29 0.01 0.93
Khulna 1.00 0.002 0.109 2.752 0.29 3.59 0.09
Barishal 0.95 1.156 0.001 0.641 0.93 1.78 0.22
Patuakhali 1.00 2.581 0.158 0.079 1.54 0.13 6.69
Jessore 1.00 1.302 0.006 0.002 1.51 0.58 0.89
Kushtia 0.77 2.148 0.001 0.001 2.97 0.01 1.21
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Table 4.30: Relative Efficiency and Weights of Input and Output

- Final Oisaggregate GOP Model

Region!
Weight of the parameters

Efficiency Agr. Ind. Ser.
District Area Pop. Capital Access

GDP GDP GDP

Dhaka 1.000 0.112 0.538 0.374 1.409 0.047 0.029 0.014
Mymensingh 0.936 0.433 0.001 1.132 0.544 0.414 1.318 0.182
Jamalpur 0.952 0.192 5.908 0.001 0.001 0.034 8.879 0.935
Tangail 1.000 0.145 9.204 0.618 0.089 0.275 21.156 0.120
Faridpur 1.000 0.041 0.223 2.524 0.671 0.088 2.836 0.915
Chittagong 1.000 0.028 1.013 0.126 0.753 0.175 0.076 1.476

CHT 1.000 0.624 2.401 2.027 0.124 0.278 1.851 32.216
Noakhali 0.755 0.001 0.001 2.837 0.166 1.979 0.711 0.729
Comilla 1.000 0.056 0.053 1.696 0.953 0.097 0.907 0.191
Sylhet 1.000 0.021 0.197 2.113 0.206 0.034 1.122 2.547
Rajshahi 1.000 0.278 0.542 1.904 0.071 0.102 11.164 0.184
Dinajpur 0.725 0.201 0.001 2.715 0.371 2.352 0.685 0.001
Rangpur 0.979 0.332 2.688 0.457 0.323 0.001 4.438 0.627
Bogra 0.996 1.817 0.001 0.428 2.120 0.001 1.100 0.001
Pabna 0.811 0.660 1.596 1.815 1.155 0.001 3.694 0.686
Khulna 0.912 0.120 0.001 2.232 0.252 1.969 0.524 0.001
Barisal 1.000 0.009 0.141 2.651 0.069 0.185 11.118 0.272

Patuakhali 0.969 0.439 13.629 0.001 0.001 0.001 20.502 2.242
Jessore 0.893 1.170 0.001 0.166 1.365 0.001 0.446 0.001
Kushtia 0.895 2.232 0.228 0.387 2.602 0.001 1.270 0.001
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4.6.3 Dynamic Analysis

Dynamic analysis provides the framework to assess the time lag between transportation

infrastructure investment and its utilization by the economic system. As described in

Chapter 3, a parabolic function is incorporated in the model to capture the effect. The
estimated function is shown below,

~i = 0.375 + 0.506 j- 0.243 j2

In mos( of the cases where the investment in transportation sector is marginal the lag

time is about three years as shown in Figure 4.21. For the districts where accessibility is

a binding constraint, Cl() is significant. The parabolic shape of the curve implies that the

effect of the investment starts maturing between the span 6 months to a year and its

effect fully materializes in about three years.
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Figure 4.21: Result of the Dynamic Analysis

Figure 4.22 shows result of the dynamic analysis for the former districts of Bangladesh.

Here, it is observed that, the lag times corresponding to the districts, for short-term
effect, range from 1.5 years to 3.5 years.

112



0.75

co. 0.5

0.25

o
o

Khu

2

Lag Year

3 4

.00aka
• M,trrensingh

Jamalpur

x Tangail

+ O1/ttagong
• Noakhafi

-ComUa

Sylhel

:t:: Rajshahi

- Pabna
x Khulna

• Barlsal

Patuakhali

x Jessore

5

Figure 4.22: Dynamic Analysis of the Districts

113



4.6.4 Results of the Analyses

The analyses presented above clearly demonstrate the deficiency of accessibility in

couple of zones of the country which include Chittagong Hill Tracts, Sylhet and

Patuakhali. The other areas where investment in accessibility is deemed necessary

include Chittagong, Tangail, Jamalpur, Faridpur, Noakhali, Rangpur, Bogra, Dinajpur,

and Pabna. In all these districts, accessibility primarily depends on roadway network.

Lack of facilities for alternative transportation mode and its influence on efficiency is

clearly demonstrated in the analysis. In the analysis, it is also observed that Chittagong,

which is the main port of the country and one of most important industrial city, suffer
from lack of accessibility.

Compared with the investment scenario of transport sector, it is observed that there

exists severe disparity in spatial allocation of resources. Most of the investment in

transport sector concentrates on improving accessibility with Dhaka. Also, relatively

higher priority is provided on road sector. Although there exists congestion and

accessibility problem for intra-city movement in Dhaka city, it is well connected with

different parts of the country and analysis suggests that accessibility is not a binding

constraint for the zone. Transport investment scenario reveals that relatively higher

priority is provided on road sector. The analyses suggest that investment in improving

the accessibility of the peripheral districts are required to be increased and more priority

should be provided in improving multi-modal accessibility.

In some of the cases, population seems to evolve as a constraint. This is due to the fact

that DEA evaluates efficiency on relative basis in relation to other DMUs. The regions,

where the weights of population factor are relatively large, contain less population with

respect to other regions and its effect is concerned with the distribution of population

among different zones rather than its absolute value. In fact, all the parameters of DEA

model should be evaluated on relative terms rather than on absolute values.

The estimated the parameters and resuIts of the dynamic analysis seem to be very

promising. In most of the cases the lag time is about three years as shown, with a
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parabolic shape. For the districts where accessibility is a binding constraint <l() is

significant implying immediate need of transportation investment. About two years' lag

period also converges with the observation that accessibility change that occurred in the

country has been continuous and marginal in nature. So does the effect on change on

efficiency and economic development.

4.7 Conclusion

In this chapter, an elaborate analysis of the significance of accessibility in the efficiency

of regional production was done with respect to Bangladesh. The approach is devised

on the basis of Data Envelopment Analysis (DEA) framework. Considering Gross

Domestic Product (GDP) in current market price as the output and usable land area,

population density and accessibility as input in production process, efficiency is

estimated as the weighted ratio between output and input. Initial analyses have shown

that most of the zones perform inefficiently thereby causing imbalance in input factors of

production and wastage of resources. It also identified couple of areas where production

efficiency is severely constrained by lack of accessibility. Such areas include Chittagong

Hill Tracts, Patuakhali, Dinajpur, Bogra, Pabna. The analysis also suggests that

investment for improving accessibility in Tangail, Jamalpur, Faridpur and Chittagong will

be beneficial.

Analysis of efficiency on the basis of sectoral production suggests that the regional

economy is still primarily dependent on agricultural sector. Although service sector plays

significant role in few zones, the role of manufacturing sector is very insignificant. In

many zones where agriculture is the driving force in economic activity, there exists

scope for investment in transportation sector with relatively higher marginal rate of

return.
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Chapter five

Conclusions and Recommendations

5.1 General

The study presented in this thesis examined the role of transportation investment in

regional economic development of Bangladesh and compared its effectiveness with

other input parameters. The investment pattem and criteria under which resources are

allocated among competing sectors and projects might have created investment bias

towards already developed regions and resulted in economic inefficiency. Data

Envelopment Analysis (DEA) technique was used in this study to examine the economic

efficiency of investment in transportation infrastructure development. National

investment policy appears to be inclined for more investment in the comparatively more

developed regions under the pretext of higher aggregate production. Investments in

infrastructural development of less efficient regions seem to be more effective by
providing higher rate of return.
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5.2 Findings of the Study

The study presented in this thesis was aimed at developing a methodological framework

to correlate transportation facilities with regional economic efficiency. The traditional

approaches relating economic developments and associated inputs are based on

methods like production function, input-output, before and after study, etc. Most of these

approaches suffer from problems like specification error, parametric error and functional

relationship problem. DEA method facilitates elimination of these problems as it does

not require any specific functional relationship and any underlying assumption of

distribution of error. It is widely used for multi criteria decision making in a wide range of

areas. In the study, DEA has been experimented to identify the effect of accessibility on
economic development.

The study was also aimed at assessing the relative role of transportation on zonal

economic development in Bangladesh. Of the analyses done, the first analysis deals

with efficiency on the basis of aggregate production, measured by total GDP, and

provides information regarding overall efficiency. In the second analysis, the contribution

of primary, secondary and tertiary sectors are considered separately. Such
differentiation facilitates identification of the relationship between output and specific

inputs. In particular, it provides significant insight regarding the role of accessibility in

various sectors of production. The dynamic analysis considers the lagging effect of

accessibility in assessment of the role of transportation on economy of the country.

Another aim of the study was to analyze specifically the impact of transportation facilities

on regional economy of the country. The results of this study will help in assessing the

interaction between transportation infrastructure and economic development. The

outputs of the study will be highly beneficial to plan for transportation and related

economic development strategies and for optimal allocation of resources. As the

respective weights of the accessibility index of the districts can explain the role of

transportation infrastructure in the economic development of the districts, the

accessibility.index of the lagging regions of the country can be improved virtually by

improving the transportation infrastructure and/or service of and around those districts.
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DEA method has been used in the study on premises of optimizing relative efficiencies

of different zones. Efficiencies have been calculated as the ratio of output and input

variables. The input variables used in the analysis include land area, population,

industrial capital and accessibility. The measurement of land, population and industrial

capital has been based on national census data. Accessibility has been estimated from

composite generalized cost of travel between zone pairs by using transport models. The

output variables include region-wise contribution to GDP and sector-wise contribution to
GDP.

Bangladesh is an agriculture-based country. Agriculture contributes significantly to

national economy which is followed by industry and trade services. Annual contribution

of important sectors to the GDP of the country in recent years at base 1995-96 constant

market prices shows that, there is a trend of decreasing agricultural contribution in the

total GDP and increasing contribution of industry and trade services.

Dhaka, the capital of Bangladesh, contributes significant amount of national income

which is followed by Chittagong. From the relative contribution of the regions into the

country's GDP expressed as percentage of the total, it may be observed that during the

last ten-year period the relative contribution of the districts in GDP has not changed

significantly. Although, many transportation infrastructures have been built in both rural

and urban areas of the country, yet there exist regional disparities. It is frequently

observed that investment priorities concentrate more on already developed areas under

the pretext of higher rate of return. Consequently such investments are expected to

result in imbalance in production factor and inefficiencies in production process. It might

be possible that with relatively excellent transportation infrastructure facilities some

districts are not producing efficiently. Again, some districts might have economic

potential but poor accessibility is acting as a hindrance to efficient economic activities
resulting in relatively poor contribution to GDP.

The result of Final Aggregate GDP Model shows that seven regions operate at highest

efficiency level. But even among these seven regions there exists imbalance in

utilization of input factors. In the case of Dhaka, unavailability of land area is more

prominent. On the contrary, Chittagong, Chiltagong Hill Tracts, Sylhet and Patuakhali
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suffer from lack of accessibility. It is also noteworthy that for all the regions, except

Ohaka and Chittagong, lack of capital is identified as the most significant cause of

inefficiency. The most inefficient regions are Kushtia, Jessore, Patuakhali, Pabna,

Bogra, Oinajpur, Noakhali and Jamalpur. Although most of these districts are inefficient

with relative efficiencies lower than 85 percent, there exists no correlation between

relative efficiency and GOP. The values of the weights of input variables provide

information regarding their effects on efficiency. Comparing relative values of the

weights of input variables, it is possible to identify the sources of inefficiencies and

constraints for increase of efficiencies. From the comparison of the level of efficiency

with the weight of accessibility normalized with respect to the weight of the output

variable, it is evident that the effect of accessibility is most prominent for Chiltagong Hill

Tracts. It also reveals that accessibility is acting as a binding constraint for further

economic growth for Chiltagong, Sylhet, Rangpur and Patuakhali districts.

In the second analysis considering all three sectors of GOP - primary (agriculture),

secondary (industry) and tertiary (trade and services) as the output, it is observed that

the estimated efficiencies of disaggregate model are higher than the same of aggregate

model. The efficiencies in this model correspond to individual sectors of economy. It is

observed that the role of secondary (manufacturing) sector is relatively less significant in

the efficiency of economic activities. For the districts like Tangail, Jamalpur, Faridpur,

Pabna, Bogra and Kushtia, primary sector is the driving force. For all these districts,

efficiencies are still low and accessibility is binding constraint. For the case of

Chittagong Hill Tracts and Pautuakhali, accessibility situation is extremely poor although

they are performing efficiently with respect to the limitation of resources.

The outputs of the study are also significant with respect to finding the dynamic

relationship between transportation investment and economic development. The study

reveals that there exists an average lag time of about three years in materialization of
the effect of any marginal investment in transportation sector.
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5.3 Policy Implications of the Results

a) There is deficiency of accessibility in couple of zones of the country which

include Chittagong Hill Tracts and Patuakhali. Investment in accessibility is

deemed necessary in these zones. Tangail, Jamalpur, Faridpur, Bogra and

Dinajpur also require such investment.

b) In most of the districts with deficient accessibility, transportation system primarily

depends on roadway network. Facilities for altemative transportation mode have
to be developed in these areas.

c) Most of the investment in transport sector concentrates on improving

accessibility with Dhaka. The existing severe disparity in spatial allocation of

resources has to be eliminated.

d) The analyses suggest that investment in improving the accessibility of the

peripheral districts are required to be increased and more priority should be

provided in improving multi-modal accessibility.

e) Regional economy is still primarily dependent on agricultural sector. Although

service sector plays significant role in few zones, the role of manufacturing

sector is very insignificant. In many zones where agriculture is the driving force

in economic activity, there exists scope for investment in transportation sector

with relatively higher marginal rate of return.

5.4 Recommendations for Future Research

The study concentrated on the development of the relationship between input and

output variables for the national economy. In the input variables, land, labor, capital and

transport infrastructure was considered. The output variables considered aggregate as

well as sector wise GOP. The analytical framework of the study can further be enhanced

by incorporating other variables in the input sectors which include international

connectivity in addition to internal communication. Some other variables which require

further consideration include natural resources, educational and health infrastructure of
the regions, political and strategic significance of the regions, etc.
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It is also well recognized that impact of transportation infrastructure on the economy is

dynamic in nature and has a lagging characteristic. The analytical framework developed

in the study has been extended to capture the dynamic nature of the correlation ship

between infrastructure and economy. But due to lack of data, only the effect of marginal

changes in infrastructural investment was analyzed. The effects, as well as time lags, for

the large projects should be analyzed using the same framework.

Improvement of the analytical framework discussed in the thesis can also be

accomplished by relaxing some of the constraints and exploring the implications of the

results. The efficiency analyzed in the thesis describes aggregate efficiency only. It can

further be segmented into technical efficiency, scale efficiency, and efficiency related

with technological change. Further works are deemed necessary in these dimensions.
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Appendix A

Table 1: Data of 20 Greater Districts for the ear 1975
Tot.GDP Effect. Area Population Capital

District (Mil.Tk\ (So-Kml (thousandl (MiI.Tk.\ Access
Dhaka 12865 9785 7954 10696 4.754
Mymensingh 7649 15014 5659 3214 2.189
Jamalpur 2583 5322 2115 874 0.796
Tangail 3033 5710 2130 913 1.093
Faridpur 4720 9753 4161 2238 1.183
Chitlagong 9936 9882 4483 17243 1.162
Ctg. Hill Tracts 2959 13492 686 1159 0.087
Noakhali 5279 7956 3317 1556 0.794
Comilla 8270 10445 5971 2823 1.771
Sylhet 7042 15900 4887 1067 1.001
Rajshahi 6254 11307 4411 1933 1.400
Dinajpur 4165 8931 2661 1601 0.845
Rangpur 7578 15398 5599 2227 1.665
Bogra 3307 5848 2302 1039 0.717
Pabna 3673 6880 2902 1460 0.892
Khulna 6278 13517 3667 1544 1.144
Barisal 5261 10048 4034 2044 1.189
Patuakhali 2166 5961 1548 253 0.349
Jessore 4926 8753 3426 1080 1.091
Kushtia 2377 4605 1942 1079 0.736

Table 2: Data of 20 Greater Districts for the ear 1980
Tot.GDP E~:ect. A~~a , ~oPulatiod~ Capital

District (MiI.Tk\ Sa-Km thousand (MiI.Tk.\ Access
Dhaka 29536 9785 10014 24519 5.141
Mymensingh 15852 15014 6568 3714 2.403
Jamalpur 5642 5322 2452 580 0.893
Tangail 5992 5710 2444 1552 1.202
Faridpur 10302 9753 4764 2759 1.302
Chittagong 21791 9882 5491 52332 1.279
CIg. Hill Tracts 6204 13492 752 3090 0.102
Noakhali 9090 7956 3816 3762 0.887
Comilla 16647 10445 6881 5767 1.966
Sylhet 16030 15900 5656 3057 1.107
Rajshahi 12371 11307 5270 3969 1.537
Dinajpur 9023 8931 3200 2235 0.914
Rangpur 16528 15398 6510 5064 1.787
Bogra 7019 5848 2728 2306 0.794
Pabna 7912 6880 3424 2333 0.994
Khulna 13187 13517 4327 4756 1.252
Barisal 11015 10048 4667 1971 1.304
Patuakhali 4629 5961 1843 774 0.385
Jessore 9207 8753 4020 2379 1.208
Kushtia 5286 4605 2292 2110 0.814
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Table 3: Data of 20 Greater Districts for the \ ear 1985
Tot.GDP Effect. Area Population Capital

District IMil.Tk\ (Sq-Kml (thousand) (Mi1.Tk.) Access
Dhaka 55449 9804 11549 58353 5.407
Mymensingh 31209 14975 7578 8880 2.529
Jamalpur 11308 5407 2823 10755 0.953
Tangail 12438 5512 2823 4835 1.270
Faridpur 22186 10388 5496 6839 1.384
Chittagong 43296 10148 6329 83117 1.360
Ctg. Hill Tracts 12117 13567 875 4999 0.112
Noakhali 17064 8343 4401 7034 0.953
Comilla 33008 10815 7937 8119 2.106
Sylhet 29185 15850 6520 8665 1.171
Rajshahi 24367 11985 6098 7888 1.656
Dinajpur 15756 9474 3687 9367 0.962
Rangpur 31815 15682 7505 9039 1.873
Bogra 14139 6234 3145 4551 0.855
Pabna 15213 7013 3948 5716 1.073
Khulna 28146 13634 4993 6787 1.329
Barisal 21016 10490 5385 4390 1.389
Patuakhali 9376 6210 2120 1111 0.411
Jessore 19346 9723 4652 4315 1.297
Kushtia 10719 5101 2642 5295 0.885

T bl 4 D t f 20 G t D' t . t f th 1990a e : aao rea er IS riC S or e \ ear
Tot.GDP Effect. Area Population Capital

District (Mi1.Tkl (Sq-Kml (thousandl (MiI.Tk.) Access
Dhaka 108888 9822 13232 92187 5.867
Mymensingh 51533 14937 7994 14047 2.807
Jamalpur 22160 5492 3013 20929 1.082
Tangail 21262 5314 3002 8119 1.402
Faridpur 41468 11024 5424 10919 1.540
Chittagong 79328 10413 6715 113901 1.502
Ctg. Hill Tracts 23734 13642 975 6908 0.131
Noakhali 29086 8729 4626 10306 1.060
Comilla 59211 11186 8207 10471 2.308
Sylhet 50873 15799 6765 14272 1.326
Rajshahi 43998 12663 6594 11808 1.871
Dinajpur 29735 10016 3983 16498 1.066
Rangpur 51047 15965 8015 13015 2.059
Bogra 25569 6621 3434 6795 0.972
Pabna 24301 7147 4183 9099 1.231
Khulna 45154 13751 5039 8817 1.482
Barisal 44765 10931 5413 6808 1.559
Patuakhali 17330 6459 2050 1448 0.466
Jessore 36804 10692 4848 6252 1.459
Kushtia 20765 5597 2801 8480 0.998
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T bl 5 0 t f 20 G t 0" t " t f th 1995a e : aao rea er 15 riC 5 or e ear
Tot.GDP Effect. Area Population Capital

District (MiI.Tk) (Sq-Kml (thousand) (MiI.Tk.) Access
Dhaka 174641 10295 15511 144894 6.539
Mymensingh 81027 14828 8589 18040 3.097
Jamalpur 34304 5625 3229 21289 1.222
Tangail 32583 5403 3181 9676 1.547
Faridpur 62367 10995 5330 11268 1-.716
Chillagong 129712 10226 7774 128118 1.741
Ctg. Hill Tracts 44165 13278 1184 9864 0.158
Noakhali 45245 8535 5053 50177 1.250
Comilla 91698 11084 8922 32334 2.730
Sylhet 80378 15872 7525 27939 1.465
Rajshahi 66626 12756 7253 16752 2.090
Dinajpur 42578 10028 4410 23825 1.169
Rangpur 78317 15317 8740 22687 2.264
Bogra 38583 6560 3717 11246 1.094
Pabna 37214 7212 4626 11330 1.402
Khulna 73143 13767 5486 57551 1.648
Barisal 61485 11222 5745 8203 1.761
Patuakhali 23131 6439 2205 4613 0.529
Jessore 55235 10769 5271 25515 1.834
Kushtia 31411 5593 3099 14100 1.113

T bl 6 0 t f 20 G t 0" t . t f th 2000a e : aao rea er 15 riC 5 or e' ear
Tot.GDP Effect. Area Population Capital

District (MiI.Tk) (~-Km) (thousand) (MiI.Tk--l Access
Dhaka 250071 10372 17198 234205 6.801
Mymensingh 119579 15500 8902 30460 3.332
Jamalpur 49622 5670 3335 21323 1.347
Tangail 47701 5362 3254 9795 1.674
Faridpur 91655 10761 5985 23417 1.756
Chillagong 182851 10328 8302 136338 1.785
Ctg. Hill Tracts 62037 13719 1325 12565 0.165
Noakhali 67144 8778 5208 56463 1.292
Comilla 134529 11052 9163 55348 2.818
Sylhet 116975 15767 7900 41507 1.560
Rajshahi 98291 12796 7579 17507 2.259
Dinajpur 62650 10959 4643 38163 1.271
Rangpur 115989 16062 9074 23342 2.532
Bogra 56457 6912 3833 18706 1.303
Pabna 55362 7430 4861 19487 1.568
Khulna 105788 13889 5693 58239 1.715
Barisal 91131 12343 5830 17122 1.818
Patuakhali 33908 6625 2282 9450 0.545
Jessore 80708 10963 5494 35047 1.725
Kushtia 45666 5597 3280 17283 1.197
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Appendix B
Table 1: Transport Network Data

Origin Destination Distance Seed (Km/hr)
node node (Km) Road Rail Waterway
1 5 45 15 N/A 15
2 3 40 15 N/A 15
2 4 30 50 N/A 15
2 5 40 50 N/A 15
2 28 55 50 N/A N/A
3 5 20 N/A N/A 15
3 15 40 N/A N/A 15
3 30 100 N/A N/A 15
3 36 60 N/A N/A 15
4 6 30 25 30 15
6 39 25 50 30 15
7 10.2 20 50 N/A N/A
8 11 60 N/A 45 N/A
8 8.1 10 50 N/A N/A
8 8.2 15 N/A 45 N/A
8 11.2 50 50 N/A N/A
8 18.1 80 N/A 30 N/A
9 11 65 25 N/A N/A
9 15 50 N/A N/A 15
9 30 40 N/A N/A 15
9 32 70 N/A N/A 15
9 11.3 50 N/A 30 N/A
10 12 110 N/A N/A 15
10 13 90 50 45 N/A
10 15 130 N/A N/A 7.5
10 10.1 25 50 30 N/A
10 10.2 45 50 30 N/A
11 13 50 50 N/A N/A
11 16 70 25 N/A N/A
11 11.1 65 50 N/A N/A
11 11.2 20 50 N/A N/A
11 11.3 25 N/A 45 N/A
12 10.2 80 50 N/A N/A
13 16 30 50 N/A N/A
13 11.3 38 N/A 45 N/A
14 10.1 90 50 N/A N/A
15 16 30 50 N/A N/A
16 11.3 50 N/A 30 N/A
17 10.1 45 50 15 N/A
18 18.1 20 25 N/A N/A
19 21 50 50 N/A N/A
19 19.1 20 50 N/A N/A
19 21.1 30 50 N/A N/A
20 21 50 25 N/A N/A
20 34 80 25 N/A N/A

130



(Table 1,continued)
Origin Destination Distance Soeed (Kmlhr)
node node (Km) Road 'Rail Waterway21 33 150 N/A N/A 1521 19.2 46 N/A 30 N/A21 20.1 40 N/A 30 N/A21 21.1 25 50 N/A N/A21 21.2 35 50 N/A N/A22 24 35 50 45 N/A22 32 20 50 30 1522 22,3 25 50 N/A N/A22 30.1 30 50 N/A N/A22 32.1 17 50 N/A N/A23 30 40 N/A N/A 1523 35 35 50 30 N/A23 45 45 50 N/A N/A23 23.1 30 50 30 N/A23 27.1 30 N/A 15 N/A24 31 90 50 30 N/A24 33 35 25 45 N/A24 38 60 50 30 N/A25 35 100 N/A 30 N/A25 39 50 N/A N/A 1525 43 40 N/A N/A 1525 45 70 N/A N/A 1525 28.1 35 50 N/A N/A26 31 56 N/A 30 N/A26 37 15 25 N/A N/A26 38.2 30 50 N/A N/A27 31 50 25 30 N/A27 27.1 50 25 30 N/A28 36 25 50 N/A N/A28 23,1 35 30 N/A N/A28 28.1 20 50 N/A N/A29 22.3 30 50 N/A N/A29 29.1 25 50 N/A N/A30 32 20 25 N/A 1531 34 30 25 30 N/A31 38.2 45 50 N/A N/A32 33 60 N/A N/A 1533 27.1 30 50 45 N/A33 32.1 40 50 N/A N/A35 44 75 25 30 N/A35 35.1 10 50 N/A N/A35 35.2 30 N/A 15 N/A38 38.1 30 50 30 N/A/38 38.2 45 50 N/A N/A39 43 30 30 30 1539 39.1 10 50 N/A N/A40 42 45 25 N/A N/A40 44 35 30 N/A N/A
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(Table 1 continued) ,
Origin Destination Distance Speed (Kmlhr)
node node (Km) Road Rail Waterway
40 46 28 25 N/A N/A
40 40.1 30 N/A 30 N/A41 42 50 50 30 N/A41 43 50 50 30 N/A
41 40.1 30 N/A 15 N/A
42 44 45 50 N/A N/A
42 45 25 50 N/A N/A
42 40.1 40 N/A 30 N/A
43 48 56 50 N/A N/A
43 39.1 15 N/A N/A 15
44 45 70 N/A N/A 15
44 35.2 30 N/A 15 N/A
44 44.1 25 50 30 N/A
49 51 60 N/A 30 N/A
49 52 45 25 N/A N/A
49 55 45 25 30 N/A
49 56 60 25 . N/A N/A
49 49.5 25 N/A N/A 15
49 51.1 50 50 N/A N/A
49 63.1 54 50 N/A N/A
50 62 60 50 N/A 15
50 50.1 30 50 30 N/A
51 53 70 N/A N/A 15
51 54 60 N/A N/A 15
51 49.5 50 N/A N/A 15
51 51.1 20 25 N/A N/A
52 55 30 N/A 30 N/A
52 50.1 65 N/A 30 N/A
53 54 20 N/A N/A 15
53 62 45 50 N/A 15
53 62.1 20 N/A 30 N/A
54 62.1 50 N/A 30 N/A
55 56.1 50 N/A 30 N/A
55 61 75 25 N/A N/A
56 50.2 60 N/A 30 N/A
56 61 40 50 N/A N/A
56 64 70 N/A N/A 15
56 56.1 30 50 N/A N/A
56 56.2 20 N/A 30 N/A
57 61 45 50 30 N/A
58 54 40 N/A N/A 15
58 50.1 35 N/A 30 N/A
59 59.1 50 50 N/A 15

~59 59.2 25 50 15 N/A,
N/A N/A 1559 59.3 30

60 64 40 50 N/A N/A
61 57 40 25 15 15
61 50.2 40 N/A 30 N/A
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(Table 1 continued\
Origin Destination Distance Seed (Kmlhr\
node node (Kml Road Rail Waterwav
61 56.2 45 N/A 30 N/A
61 59.3 70 N/A N/A 15
62 50.1 70 50 30 N/A
62 51.1 49.5 50 N/A N/A
62 62.1 20 N/A 30 N/A
63 38.1 15 50 30 N/A
63 49.5 60 N/A N/A 15
63 59.1 60 N/A N/A 15
63 59.3 70 N/A 30 N/A
63 63.1 16 50 N/A N/A
64 50.1 45 50 N/A N/A
8.1 8.2 10 50 N/A N/A
8.1 18.1 60 50 N/A N/A
8.2 27.1 45 50 45 N/A
11.1 32.4 25 20 N/A N/A
18.1 19.1 25 50 30 N/A
19.1 19.2 20 N/A 30 N/A
23.1 28.1 20 50 N/A N/A
28.1 28.2 25 50 N/A N/A
28.2 30.1 5 50 N/A N/A
29.1 35.1 10 7.5 N/A N/A
29.1 59.1 25 7.5 N/A N/A
32.1 32.2 10 50 N/A N/A
32.2 32.3 5 40 N/A N/A
32.3 32.4 10 40 N/A N/A
44.1 59.3 10 20 30 N/A
50.2 59.3 30 N/A 30 N/A
56.1 59.1 40 50 N/A' N/A
56.1 63.1 45 N/A 30 N/A
59.1 63.1 60 50 N/A N/A
59.2 59.3 18 50 N/A N/A

Note:

1. Data has been collected from the operating maps of RHD, LGED,
Bangladesh Railway and BIWTA. The Estimated Average Speed has been
used as the base value in the Network Analysis Model to calculate Modeled
Operating Speed.

2. The name of the District corresponding to the node number is provided in
Table-2.
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Table 2: Node numbers and the Name of the Districts

Node No. Name of the District Node No. Name of the District

1 Barguna 33 Narshingdi
2 Barisal 34 Netrokona
3 Bhola 35 Rajbari
4 Jhalakati 36 Shariatpur
5 Patuakhali 37 Sherpur
6 Pirojpur 38 Tangail
7 Bandarban 39 Bagerhat
8 Brahmanbaria 40 Chuadanga
9 Chandpur 41 Jessore
10 Chittagong 42 Jhenaidah
11 Comilla 43 Khulna
12 Cox's Bazar 44 Kushtia
13 Feni 45 Magura
14 Khagrachhari 46 Meherpur
15 Lakshipur 47 Narail
16 Noakhali 48 Satkhira
17 Rangamati 49 Bogra
18 Habiganj 50 Dinajpur
19 Moulvi Bazar 51 Gaibandha
20 Sunamganj 52 Joypurhat
21 Sylhet 53 Kurigram
22 Dhaka 54 Lalmonirhat
23 Faridpur 55 Naogaon
24 Gazipur 56 Natore
25 Gopalganj 57 Nawabganj
26 Jamalpur 58 Nilphamari
27 Kishoreganj 59 Pabna
28 Madaripur 60 Panchagarh
29 Manikganj 61 Rajshahi
30 Munshiganj 62 Rangpur
31 Mymensingh 63 Sirajganj
32 Naravanaani 64 Thakurgaan

\

134


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147

