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ABSTRACT

The goal of this study is to empirically examine the impact of rural infrasffucture on district-

wise poverty in Pakistan while considering spatial dimension. Spatial dimension is not

considered in previous studies to analyze the impact of infrastructure on p6verty in Pakistan.

The poverty is taken as dependent variable while Income, Finance, Physicall, Physical2,

Health, Energy, communication, Education for boys, Education for girls are used as

explanatory variables. Data of the variables representing various types of infrastructure are

taken from Mouza statistics 2008. The model is estimated by OLS. However, local and global

Moran's I tests show that there exists spatial clustering and spatial dependence among districts

w.f.t. poverty. Hence, Spatial econometric models are estimated and Spatial lag model

estimated by 2SLS is selected as the best model. The results show that income, physical l,

physical 2, health and communication infrastructure are not significant whereas Finance,

Energy, and Education infrastructure significantly affect poverty in Pakistan. However,

education infrastructure for boys positively affect poverty because most of male educated

person are likely to migrate from rural areas to main cities. It is recommended that govemment

must have to improve rural infrastructure to eradicate poverty in Pakistan.
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Chapter I

INTRODUCTION

1.1. Introduction

The problem of poverty reduction and economic Growth has been a major goal for

policy makers in developing countries. Poverty is the major issue in Asian countries. Poverty

in Asian countries is essentially of a rural phenomenon. It is because 70Yo to 80% population

belongs to rural areas (World Bank, 2006). During the past 30 years, East Asia and Southeast

Asia has made significant progress in reducing rural poverty, (IFAD, (2001)). Rural poverty

is more common and more severe than urban poverty.

In Pakistan, rural poverty continues to increase and per capita development

indicators are worse in rural areas as compare to urban areas. rural areas of Punjab and

Baluchistan have severe poverty than other areas (IFAD, 2001). A number of previous studies

show that there is a large difference in poverty between provinces. Extreme poverty occurs in

the high hills, arid zones, desert areas and coastal areas of Pakistan as shown by

Figure (l.l & 1.2). According to Naveed & Ali (20p), approximately 58.7 million people

out of 180 million people live under the line of poverry. This means that approximately 32%o

of the total population lives less than $ I a day, which is a very intense condition.

It is established fact globally that infrastructure, particularly in rural areas, is

essential to human development. A large part of the world's population still lives in rural areas,

where they have to face the lack of economic, social, and basic infrastructures. Consequently,

poverty levels in these areas are very high (World Bank, 2008). According to World Bank

(2008), nearly 63 percent of the population lives in rural areas. In Pakistan, there is largd

difference in poverty levels as well as development of socio-economic

s4



Figure. 1.1. Map of Pakistan showing District-wise poverty index
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.tt Figure 1.2. Map of Pakistan showing different levels of Poverty

characteristics and infrastructure in various rural areas. Punjab is well integrated with some

of the prosperous urban cities and hence poverly levels are the lowest in these areas compared

to other areas of the country. Ease of access to communications infrastructure such as roads

and transporl. linking rural areas oleconomic center and electrificatir;n can be an inspiratit-in



for the development of new industries in the area that promotes welfare of the people, which

helps in solving their financial problems. The fact that infrastructure, especially in rural areas,

is essential to human development. (World Bank, 2006), most people still live in rural areas

where they have to face the shortage of infrastructure, social and economic facilities. Poverty

levels in different rural areas vary with the characteristics of socioeconomic and the

development of infrasffucrure.

The development of any countries depends upon the development of infrastructure.

Therefore, the researcher tries to prove a link between infrastructure and poverty reduction.

There are three schools of thought in the context of poverty reduction and infrastructure

development. Investment in schools and hospitals, according to the first school of thought,

may help to achieve poverty reduction goals (Jahan and Mccleery 2005). The second school

of thought is that investment in social infrastructure and communication infrastructure will

help to reduce poverty. Third school of thought is that there is no role of infrastructure in

reducing poveny. Criticism points out that the benefits from infrastructure investment are less

than expected, and Secondly, there is a minor connection among the reduction of poverty and

Infrastructure due to miss management, false policies, and comrption in the developing

countries Ali Ifzal. and Pernia (2003)

As can be seen from the above discussion, infrastrucftrre development plays an

important role in the reduction ofpoverty. Surprisingly, there is no research in order to analyze

the irnpact of rural infrastructure on poverty in Pakistan. The concrete evidence of other

developing countries has been found that development of rural infrastructure leads to the

increase in agricultural and non-agricultural income. It also leads to the reduction of input

prices of agricultural commodities such as fertilizers, seeds and transportation costs which

increases employment opportunities and develops new small industries. All these factors help

I

I

I
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in poverty reduction directly or indirectly (Kawon 2005) and Khandker Bakht and

Koolwal, (2009).

Road, transportation, is considered to be a major part of the communications

infrasffucture and the social infrastructure is composed of educational schools, and healthcare

units. Due to the improvement of road infrastructure and transport facilities, farmers can

introduce improved farming practices which improve overall productivity and easy access to

markets. Apart from this, rural road infrastructure will be linked to urban areas, quality of

education and cleanliness or health facilities can also be enjoyed. Good infrastructure of the

transportation is a pillar of sustained economic growth and an effective tool for rural poverty

reductions (Fan, S., & Chan-Kang, C. (2004))

(Arif and Iqbal, (2009)) investigated the nexus of poverty and rural infrastructure in

various agricultural areas of Pakistan. The study found that a positive and significant relation

among the rural infrastructure and poverty reduction. Some other studies are obtained by using

time series data, but these studies tbcus on the national level, ignoring regional diffbrences at

the provincial and Districts levels. This study fills in the research gap by examining impact of

rural infrastructure on district wise poverty while considering spatial dimensions in the case

of Pakistan. While considering the above discussion, the following objectives are specified in

this study.

1.2. Objectives

l. To determine the role of physical, health and education infrastructure in eradication

district wise-poverty in Pakistan.

To detect district wise spatial patterns of poverty in Pakistan.

Estimation of best spatial econometrics model using classical approach.

2.

J.
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1.3. Outlines of The Study

In order to achieve the above objectives, this study is divided in five chapters. After

introduction in first chapter, chapter-2 presents literature review along with some basic

concepts aboutpoverty, infrastructure and spatial econometrics. Material and methodology of

analysis is presented in chapter-3. Chapter (4) contains results and discussion whereas

conclusion is presented in chapter (5).

(



Chapter 2

Literature Review

2.1. Introduction

This chapter contains basic concepts about poverty, infrastructure and spatial

econometrics. Moreover, review of previous studies regarding the topic under consideration

is also presented in this chapter.

2.2. Basic Concepts of Poverty and Infrastructure

Poverty is due to the lack of basic human needs, such as nutrition, clean water,

education, health care, shelter and clothes, because of the inability to afford them. It can also

be called absolute poverty. Relative poverty compared with society or country, fewer

resources or less income conditions. Poverty is a multidimensional phenomenon because it's

have two main kinds which are absolute poverty, and relative poverty both are discussed

above. The poverty line is set by (WORLD BANK), is that the poverty line is

$ 1.2Slday/person in Pakistan. on other hand, main kinds of infrastructure, i.e. communication

infrastructure, energy infrastructure, financial infrastructure and social infrastructure are

mentioned. Communication infrasffucture include roads, transportation while energy

infrastructure consists of electrification, sui gas, petrol pump, c.n.g facilities, etc. and social

infrastructure consists of schools, health facilities. Commercial and online bank facilities is

the indicator of financial infrastructure. lnvestment in both communication infrastructure and

social infrastructure, directly and indirect impact on the economic development of the

country. Therefore, it helps in reducing poverty. Generally, the government's investment on

the road project, there is a major impact on farm and non-agricultural income.



2.3. Review of Literature

Review of literature consists of two parts. In the first part, review of those studies is

presented which contains analysis of the impact of infrastructure upon poverty in other

countries of the world. Secondly, a brief review of the studies related to poverty in Pakistan

is presented.

Lipton and Ravallion (1995), Ahmed and Donovan (1992), studied in lndonesia and

Malaysian countries (south Asian countries). Multiple regression technique they use and

found that largely investment on the infrastructure of communication significantly decreased

poverty incidents. Gannon and liu (1997), Refers to the microeconomic mechanism that

generates investment in rural road infrastructure have a significant effect on economic growth

and the incidence of poverty. Jacoby (1998), using a non-parametric method for the data of

Nepalian, the utility of rural road networks across people at different levels of income has

been estimated. He found that on average, access to the market is more favorable to poor

families, but not enough to reduce the income gap in the population.

Kwan (2000), Through the Indonesian provincial data, studied the link between

infrastructure and poverty in (1976-1996). The sample divided into good or bad province and

he found that the impact of poverty on growth was nearly four times higher in governorates

with a higher level of road availability than those with lower road availability. Escobal (2001),

using a bit doubled censured technique for the establishment of the link between income

diversification and rural road infrastructure. The author found that the discovery of access to

roads, electrification and education is important for determining the diversity of rural

incomes. It was also found that, appropriate access to roads and other public assets could

increase the profitability of agricultural and non-agricultural incomes.



{r
Shahidur et al. (2006), the "fixed effect" method for family data or household data in

Bangladesh to identify linkages between road infrastructure and poverty reduction. Their

results show that rural r6ad infrastructure investment is good for the poor. they say the road

infrastructure improves agricultural production, higli wages, low input prices, transport costs

and increases the value of production prices. Khandker and Koolwal (2009), pool data set is

used for three household panel between the year ( I 99 I to 200 I ), Analyze the impact of rural

infrastructure and microcredit on the consumption pattern and income of the poor in

Bangladesh. Hd fbund that the discovery of areas where metal roads and good electrilication

infrastructure have led to increased agricultural and non-agricultural incomes, leading to

poverty reduction in these areas.

Directly or indirectly effect of the infrastructure development for the rdductioh of

poverty, especially in non-urban areas. The reduction of poverty through economic

development is the indirect channel of communication infrastructure. Current researches have

shown that roads and electricity are to ensure the steady growth of the. agricultural and

industrial sectors, incrementation in the level of employment, and enhance in the level of the

income of farmers and non-agriculture or non-farm alike, Improvement in all these section is

a condition for reducing long term poverty. Kwon (2005a), In Indonesia, investigation of the

impact of the infrastructure of rural road on poverty reduction. He found or investigated that

road investment in infrastructure, leading to poverty reduction to improve the pertbrmance of

regional economic development. Tliose provinces with improved infrastructure, a I per cent

increase in gross domestic product will result in a 0.33 per cent reduction in the incidence of

poverty while other side badly infrastructure in province, the incrementation of l% in GDP

will lead to the only 0.09 percent reduction in the incidence of poverty.

.s.!!'
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Kwon (2005b) also found that development in road infrasffucture contribute

significantly to the reduction of poverty and improvement in the economic development in

people's republic of China (PRC). For direct relationship between communication

infrastructure and thd incidence of poverty. (Kwon, 2005a), the author found that the

improvement of rural infrastructure in Indonesia improves the level of employment and wages

of the poor. According to the (World Bank, 2006),In this report, the first source to connect

farmers from rural to urban areas in order to facilitate access to markets, the development of

road infrastructure. The report shows an increase of rural infrastructure also create

employment opportunities for non-agricultural sector.

Wars (2005), This suggests that any type of investment is to provide access to a variety

of road infrastructure and have a very positive impact on reduction of poverty. among the

years (1997-1998) and(2002-2003), The Indonesian govemment is increasingly entering all

the roads of the original inhabitants, as the number of poor people in rural areas has fallen by

13 per cent. South Asia, three countries of the field survey India, the People's Republic of

China and Indonesia (2005 Asian Development Bank), It reveals the important practice of

evidence linking the reduction of poverty and rural infrasffucture. Improve rural transport

systems to reduce the travel costs of the poor, increase income of the agricultural and promote

non-farm events and increase employment, and employment rate in the areas of rural. In the

context of non-income poverty, the infrastructure of the rural has a direct impact on the rural

poor by reducing the cost of services for rural poor. Because of rural village road

infrastructure, access to health care units, schools, industries, social and financial services is

also improving. Access to infrastructure to mitigate the risks faced by rural families play an

important role.

\r
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Review of some studies related to poverty in Pakistan is also presented here. Small

study conducted at the national level, the infrastructure and poverty linked. from that are

Arif and Iqbal (2009), found that the link among the rural infrastructure and the reduction of

poverty among the different agriculture areas for Pakistan. Multiple regression analysis is

used and the author found that There is an important and positive relationship between rural

infrastructure and poverty. Ahmad and Malik (2012), used a multiple regression analysis

technique for time series data in (1981 to 2010), To study the relationship between rural

infrastructure and Pakistan's economic growth. He found that economic growth and

infrastructure development in rural areas a significant positive correlation. Ahmad and Malik

(2012),In the period 1970 to 2005 using multiple cobb-Douglas utility function. He studied

the effects of energy, physical and social infrastructure on TFP (total factor productivity) in

Punjab, province of Pakistan. It found that investments in communications, energy and social

infrastructure have a significant positive impact on the overall factors of production (TFP).

Ali and Abdulai, A. (2010) using a multiple regression analysis technique for the

cross-sectional data for the Punjab Province of Pakistan. to analyze direct impact of adoption

or acceptance of (BT) Bacillus thuringiensis cotton on yields, poverty, income of household

and pesticide demand, He found that the use of new technologies had a significant and positive

effect on household income, poverty reduction, cotton production. Impact of technology on

productivity and household incomes are consistent with the positive and the potential role of

new technologies in agriculture in the direct reduction of rural poverty by increasing the

income of agricultural households. Bhutto and Bazmi (2007, November). Examined that the

nexus between the agriculture development, poverty reduction, population development.

indicated that the farm will proceed to be 1 of the most necessary section of the economy of

Pakistan for year to-come. It is proposed that a Pakistan has strengthened the farm

l1



productivity by providing supply of a chain, including easier credit for small farms,

accessibility of good fertilizers and pesticides, tractors and combine services, harvest services,

improved irrigation effrciency and, finally, educated farmers. He found that the high

population rate Growth should be curtailed in order to increase agriculrural in rural areas of

Pakistan productivity significant impact on poverty.

Frorn the above studies, we conclude that the rural infrastructure strongly connected

to the incidence of the poverty, mean that relationship between the reduction of poverty and

rural infrastructure. also, the direct and indirect relation too. A number of studies were

conducted in developing and developed countries to address these issues. However, no one

has yet studied these issues at the Pakistani district level by spatial analysis.

2.4. Basic concepts of Spatial Econometrics

The sub field of econometrics, Spatial Econometrics initiated as a recognizable field

in Europe in the primarily 1970 for to manage with the sub-nation data in regional

econometrics models. In general term, spatial regression can-be considered as the

arrangement of infrastnrcture to deal with the methodology relate that takes after the

unmistakable extreme thought of spatial impact, particularly are the heterogeneity and auto-

correlation in spatial context. Anselin, and Florax (2012).

Spatial Econometrics is a sub branch of traditional econometrics that deal with spatial

auto-correlation and spatial heterogeneity in regression model Anselin, L. (2001). The spatial

auto-correlation can also call by the name of spatial dependency. Spatial econometrics is a

sub branch of econometrics studying with spatial interface effects between the units of the

geographical. Units could be, Districts, states, countries, regions, etc. Anselin, L. (2013). The

spatial econometrics accounts for the associating of spatial effect in regression analysis.

t2
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The interpretation or dealing the spatial dependency and spatial heterogeneity is

strongly refened the spatial econometrics. if such a spatial dependency happens among the

geographical units, it is referred to as spatial auto-correlation. A 2nd one deriver behind

increased interest in spatial economehics is the need to handle spatial data. This has been

stimulated by the explosive diffirsion of geographic information system (GIS) and the

associated availability of geocoded data i.e. data set that include the location of the

observational units LeSage, J. P. (2008).

General econometrics vary from other branch of statistics in focusing on theoretical

models whose parameter are estimated using Regression analysis. While the spatial

econometrics is small changes that improve something or of this, where either the theoretical

model includes interaction between different entities or the data observation are not truly

independent. Thus,.model incorporate spatial auto-correlation or spatial dependency or

neighborhood effect can be estimated using spatial econometrics method Such a model is

common in regional science, real estate economy, and education economics, and urban, rural

etc. the concrete example of spatial econometrics is the house price depend on the number of

bedroom, bathroom, etc. House price also and strongly depend on location: price of houses in

the same neighborhood are similar. The second example are related to precision agriculture:

different rate of nitrogen is applied in a corn field. Corn yield will be different because of the

different nitrogen application but they will be similar if the field plots are spatially closed.

When we are analyzing or modeling the standard regression has mostly ignored the

two-main issue, which are dealing in the soatial context, these two-main issues are spatial

heterogeneity and spatial dependence among the observation. Ignoring these two fact of the

standard econometrics, these two kind of issue leads the big difference between the traditional

econometrics and spatial econometrics.

B
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Possibly because.they violate the assumption of Gauss Markov used in the modeling

standard regression. With respect to the spatial-dependence among the observation, memortes

Gauss Markov assume that independent variable is fixed. Spatial dependence disrupts this

assumption. This is important for alternative assessment methods, means that other estimation

method.

On the other hand, another assumption of gauss Markov that a single relationship-

linearly with constant variance, this assumption should also violate due to the cause of spatial

heterogeneity. If the relationship differs as we move across the spatial data sample or, the

variance modification, alternative procedure is requisite or needed to successful model of this

variation and delineate or draw appropriate inferences. The alternative estimation methods

can be used when transaction or dealing with spatial data sample. This subject is never

discussed in standard regression. LeSage, J. P. (1999).

According to Tobler, W. R. (1970) The first laws of geography have been organized

everything is connected, but the closest thing is more organized than the distant things. This

first law is the base of the fundamental conception of spatial dependence or spatial

autocorrelation. spatial dependence, or spatial autocorrelation, can be seen dependence

between observation on the dependent variable in a regression model'

In the time series literature concentrations on the dependence between observations

over time and uses the symbol (rl) to denote variables lagged in time, the observation on a

time series can be seen as points on a line. If the time series is casual, points further in time

depend only on the previous ones. But observations in spatial data have a location in a two-

dimensional plane. As a consequence, observation do not usually have a specific order, and

the dependence between the observation may extend in all directions. the spatial econometrics

literature is interested in the dependence among observations across space and uses the so-

t4
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called spatial weights matrix (W) to describe the spatial arrangement of the geographical units

in the sample. The spatial dependence reflects a condition where observed value at one

location or region depend on the values ofneighboring observations at nearby location.

Spatial heterogeneity is a property usually assign to a landscape or ta a population. It

refers to the uneven distribution of several concentration of each species within an area. The

deficiency of structural-stability of the many phenomenon over space, the spatially-units of

the observation, themselves are distant from homogenous LeSage, J. P. (2008).

For example: of the Census-kact, different freld Size, urban locations are level uneven

population or income. To the extent that the measurement of these asp€cts of diversity is

reflected in errors, "misspecification, variables missing" they may result in heteroscedasticity.

the simplest example of spatial heterogeneity are the data districts wise and two, three

variables are education, population, infrastructures, industribs, all these variables are unevenly

distributed in the entire districts of Pakistan. The unevenly distribution of these variables are

strongly referred to the spatial heterogeneity. The concrete examples of spatial heterogeneity

are they arises with the division of existing or living area of homes. While the division of Mid

price and low price homes have roughly the same distributions, a dissimilar or different form

arises for high priced homes. The part of the Spatial econometrics which are spatial

heterogeneity cite to the uneven distribution of a trait, attribute or qualitative, event, or

relationship across a region Anselin, L. (2013).

The establishment for most extreme models is a show of whether one area is a spatial

neighbor of another; or identically, which locales are neighbors of a given district. this is a

square symmetric R x R network (matrix) with (i,7) component equivalent to I if areas i and

j are neighbors of each other, and zero otherwise. by tradition; the corner to diagonal

components of this "spatial neighbors" network are set to zero.

.)
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As LeSage, J. P. (1999) found that, there is an embarrassingly vast number of approaches

ways to build such a matrix. These include: Linear contiguity: iandjare neighbors on the off

chance that they share some portion of a typical or common eastem or western border.

Rook contiguity: two areas are neighbors if they connect to part of a common border

on any side. Bishop continuity: two areas are spatial neighbors on the off chance that they

connected at a "point". This is the spatial simple of two components of a chart meeting at a

vertex. Queen contiguity: this is the compound of Rook and Bishop Contiguity. Two districts

are neighbors in this sense in the event that they share any piece ofa typical fringe, regardless

ofhow short

Another word Rook, cofirmon boundaries, bishop, corrrmon vertices, or queen both

boundaries and vertices. [n a customary network or regularly grid, neighbors can be

characterized in various ways. In likeness of the session of chess, the queen contiguity, bishop

contiguity, and finally the rook contiguity is differentiated or mark as different. In irregularly

grid, neighbors are generally defined by a commonplace or common border not vertex.

Location must be measured for dissecting or analyzing spatial impacts i.e. spatial

heterogeneity and spatial dependence. Area information can be utilized from two sources.

Distance and neighborhood the Contiguity mirrors the relative area of one spatial unit to

different areas in space. Neighborhobd ships of spatial units are generally settled from a map.

Neighboring locations are relied upon to show a high level of spatid,l-dependence than

locations situated distant separated, as to heterogeneity, connections might be comparative for

neighboring locations. While the Distance are the area in space represented to by longitude

and latitude is one source of data information. This information permits ascertaining distance

between points in space. In regional science focuses in space may speak to focuses or urban

areas of districts or regions. It is normal or expected that the quality of spatial dependence

!
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will decrease with separation distance. Perceptions that are near to show similar relationship;

those that are most separation may. display unlike relationship in these situations we have a

spatial heterogeneity.

Spatial weight matrix can be conduct on the basis of spatial neighborhood or

contiguity matrix actually spatial neighborhood matrix is a spatial weight grid. So, the spatial

contiguity matrix W' is a binary n x n grid which entrance wii are"zero or one. An
I

entrance *ii:l if districts or regions i and j are neighbors and 0 otherfrise; the diagonal

components or element of spatial weigh matrix W* set equal to zero. wii = 1 if i and j are

relative; 0 otherwise. The spatial weigh matrix is conducted on the basis of neighborhood

criteria. Which are Rook, bishop, linear, queen contiguity.

Finally, then the spatial weigh maffix can be transformed to the most common method

which are the row standardization technique, in this step we can sum the rows of the spatial

weigh matrix are make to sum to unity. LetW* with elements wi;be a.spatial neighbor's

matrix. To row-stan dardizethis; we partition every component or element consecutively by

the aggregate of the components in the row. By typically or symbolically we can compose it

below.

d

wij L
Zi=rwii

The spatial weight grid is also referred to as a row-stochastic matrix, since,

islands, each component is between one and zero, and the sum of the row

probability. Note that, dissimilar the neighbor's matrix, the spatial weights

if there are no

is to one, like

matrix or the

spatial contiguity matrix is no longer symmetric.

One of the important'factors which are the combination of spatial weight matrix and

variables as well as error term is called spatial lag variables. There are three types of spatial
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lag variables are spatial independent variables WX =Z'l,awi1ry, where i:1,2,3, 4... n.

spatial dependent variables WY =Z'!,=rwi1l;, where t:1,2,3,4... n. And spatial erroi

variables W e = Z!=rw i1 ay, where i:1, 2, 3, 4. . . n.

While the difference between in time series analysis lag and spatial econometrics:

Because time is unidirectional, the application of lag operator L in time-series analysis e.g.

Shifts observations of a variable Y one or more periods back in time that is First-order lag:

L.yt=yt-, Second-order lag: L'.yr=yr-, Kth order lag LK .!t=!t-x is straightforward. While

the Spatial lag operator W Relates a variable X at one unit in space to the observations of that

variable in other spatial units. Which discussed above? In spatial arrangements, a number of

shifts in different directions are possible. Since space is characteized by multidirectional,

first-orderlagsforallnRegions.L.x =Wx Second-orderlags L2.x =Wzx......Lk.x =W*x

Contiguity class k comprises all kth order neighbors lack straight forwardness

The spatial weight matrix is very important for the Moran's I statistics, because the

spatial weight matrix is captured the neighboring areas, Moran's I is a statistical tool for

measuring the spatial autocorrelation, it's range,from -l to +1. If the value of the Moran's I

statistic is positive, it's mean that spatial dependence has in our data, if the value of the

Moran's I statistics neither positive nor negative, mean zero value, it's indication that there is

No spatial clustering pattern. If the value is negative, there is no spatial impact in our data.

Beside the Lagrange Multiplier test also telling us the degree of the spatial dependence.

\
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2,5, Conclusion

We concluded that there is a strong relationship between rural-infrastructure and the

reduction of the poverty. Developed and developing countries have undertaken a number of

studies to address these issues. However, not found after studies to explore this iSsue in

Pakistan at the district level by spatial analysis. In the case of Pakistan, there is no empirical

research on this issue, the proposed research is justified. Furthermore, fundamental definiens

the spatial econometrics, and its connection with tradition econometrics, and some

introduction regarding poverry and spatial weight, Moran's I.
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Chapter 3

Material and Methodology

3.1. Introduction

This chapter consists of five sections which explain material including data and

methodology of analysis used by the study. After introduction, specification of the model is

done in the second section. Third section discusses data and construction of variables whereas

methodology of analysis is explained in fourth section. The last section concludes the chapter.

3.2. Model's specification

ln 1936, Johan Maynard Keyne's made first endeavor to connect the infrastructure

(indirectly) with the ppverty reduction and gave a general hypothesis of employment,

premium and money. He contends that the best device to bring back the econ6my from retreat

or market inability to the full employment level is public infrastructure construction. In this

way, Keynes general hypothesis could down to earth suggestion for the developing countries.

Andreso et.al, (2006) states that biilding of infrastructure affects at both micro as well as

macro level. The sfudy found that inVestment in general infrastructufe at the small-scale level

has two principle impacts. Initially price impact and second one is quantity impact. In such

case, investments in infrastructure causes welfare of the general population as both increment

in quality and number (quantity) of definite products and services. On the other side,

investment in infrastructure significantly affect at macro level by improving financial

development (economic growth) of the nation.

\q
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3.3, Data and Construction of Variables

Data of the variables used in this study are taken from two data sources for 1 l0 districts

of Pakistan. Data of district-wise poverty index are taken from Arif and Nazim (2012). Using

alkire and foster measure (2007), the study constructed head count ratio at the district level in

Pakistan on the basis of PSLM 2008-09 by using data of four key households' dimensions i.e.

education, health, living condition and ownership. Data source of Arif and Nazim (2012) is

PSLM-2008-09 Data source of the variables regarding rural infrastructure is Mouza Statistics

2008 published by the agriculture census organization. Composition of the variables

representing different types of infrastructure, i.e. construction of variables, is as follows.

Education infrastructure is represented by the Percentage of villages which have

access to educational institutes like primary school, middle school, higher $chool, and college

at a distance of one kilometer from the mouza. Percentage of villages which have access to

health care units like hospitaVdispensary, rural health center, basic health unit, chilled and

mother care center at a distance of one kilometer represents health infrasffucture. Financial

infrastructure is determined by the percentage of villages which have access to commercial

and online banking at a distance of one kilometer. Physical infrastructure is further divided

into two part, physical-l and physical-2. Physical-trinffastructure is represented by the

percentage of villages which have access to facilities of Piped water supply, filtration,

sewerage while the physical-2 infrastructures are determined by the percentage of villages

which have access to facilities of toilet, bricked street, and bricked drains. Data'of income

infrastructure is derived as the percentage of villages which have industrial production units

creating employment for the people. Energy infrastructure represents the percentage of

mouzas where electricity, Natural gas, Liquefied Petroleum Gas (LPG), Diesel, and

)
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Compressed Natural Gas (CNG) have been provided. Communication infrastructure is

determined as the percentage of villages which have access to road within 1000-meterdistance

from mouza and have transport facility.

Indices of different types of rural infrastructure are constructed by using Principal

Component Analysis technique. The analysis of "PC" is a basically a variable decrease

method and allocate weight as indicated by the change(variance) of the vaJable. This system

diminishes the quantity of relationship by gathering or grouping togethir those variables

which are exceptionally correlated with each other into one segment or element. The first

component or primary segment clarifies the most extreme measure of variety in the data and

last segment the base (minimum). The first PC examination represent a sizeable piece of the

variety in the information(data). In every one of the cases the first principle component can

clarify more than 70 percent of variety and thus just the first was taken and further

examination depends on these indices.

3.4. Methodology of Analysis

The specified model in equation (3.3) can be wriffen into matrix forin as follows.

Y=X0*e (3.4)

Here Y represent poverty level of each district, X is the matrix of independent

variables such as the communicaticin infrastructure of index, the infrasffucture of financial

index, the index of the social infrastructure, energy infrastrucfure, income infrastrucfure and

physical infrastructure. where B is the vector of coefficients and e is the random error term.

The model is estimated by using Least square estimator, i.e.

B = (xtx)-rxtY

'.n

I
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There are I l0 districts of Pakistan which are spatially connected. Table (A) in

Appendix presents spatial connections of districts. Probably the most important argument for

application of spatial approach is that the independence assumption between the observation

(location) is no longer valid. Attributes of observation i (location) may influence the attributes

of observation 7 (location). When dealing with space, one must bear in mind first law of

Tobler's of geography i.e. "Everything is related to everything else, but close thing is more

related than the things that are apart (Tobler, W. R. (1970))". In this section, we'll focus on

the specification ofspatial dependence, on specification tests to detect the spatial dependence

it's weaker expression spatial autocorrelation in regression model that incorporate spatial

dependence. Least square estimates are biased and inconsistent due to spatial dependence (See

Anslin and Bera (1998)). The valid estimates may be obtained by estimating spatial regression

model. Before spatial modeling, we can check the spatial factor, on the basis of Local Moran

I test, LISA clustered map and Moran scattered plot.

The Local Moran I statistic detects local pattern of spatial autocorrelation between two

units and hence, it can be used as indicator of local spatial clusters. Local Moran I statistics is

given below.

, _(*r- x)L']=rwi1(x1- x)ti-@

Here 'n' represents the number of spatial observation and x is the variable of interest.

Moreover, w;; is the spatial weight matrix with the diagonal on zeroes. Local Moran I test is

applied to detect spatial dependence w.r.t. poverty between each pair of neighboring districts

and the results are presented in Table 3.1. Positive value of the statistic indicates that the two

neighboring districts have similar high or low values of poverty and hence are considered as

24



Table.3.1. Results of Local Moran I test statistic

e oBs It E,IT Var.I1 z.lt Pr(z > 0)

I 0.000714121 -0.009 743 2 0. l 883666 0.02278376s 4.918-01

) 0.234652237 -0.009 743 2 0. I 883666 0.561796492 2.87E-01

3 t.2177t60t3 -0.009 743 2 0.4841728 t.763216t29 3.89E-02

4 0.755923728 -0.009 743 2 0. r 883666 t.762849031 3.90E-02

5 2.7669704 -0.009 743 2 0.3 19836 4.908834706 4.588-07

6 0.t98772t24 -0.009 743 2 0. l 554993 0.s2733s87 2.998-01

7 t.46064623 -0.009 743 2 0. I 554993 3.727349746 9.68E-05

8 1.701406s66 -0.009 743 2 0.1320226 4.7078t623 t.258-06

9 0.t03491441 -0.009 743 2 0.2376676 0.23 I 103695 4.09E-01

0 0.223404522 -0.009 743 2 0.1l44l5l 0.687s88447 2.468-01

t.193304347 -0.009 743 2 0.2376676 2.466563753 6.82E-03

2 1.232560292 -0.009 743 2 0.2376676 2.547086838 5.43E-03

J 0.68012823 r -0.009 743 2 0.2376676 r.413920034 7.87F-02

4 0.392042065 -0.009 743 2 0.3 19836 0.709438837 2.398-01

5 L38450032 -0.009 743 2 0.2376676 2.8s875t218 2.13E-03

6 1.794794268 -0.009 743 2 0.2376676 3.7003596s2 1.08E-04

7 1.698327147 -0.009 743 2 0.llzl4l5l 5.04800 1386' 2.238-07

8 L838885641 -0.009 743 ) 0.2376676 3.790801324 7.51E-05

9 0.345936506 -0.009 743 2 0 554993 0.9005332 l4 1.84E-01

20 0.241969s28 j0.009 743 2 0. 883666 0.5786561 36 2.81E-01

2t 0.928625053 -0.009 743 2 0 ss4993 2.37818572 8.70E-03

22 0.673966436 -0.009 743 2 0. 320226 t.880t2221 3.00E-02

23 I .7466883 I 9 -0.009 743 2 0. 554993 4.452730072 4.248-06

24 1.435503387 -0.009 743 2 0.2376676 2.963370386 1.52E-03

25 2.542540348 -0.009 743 2 0. I 5s4993 6.47094847 4.878-11

26 0.554620953 -0.009 743 2 0.3 19836 0.996914084 1.598-01

27 0.289612859 -0.009 743 2 0.3 19836 0.52832t462 2.99E-0t

28 -0.294979s08 -0.009 743 2 0.3 19836 -0.505366475 6.93E-01

29 0.392658277 -0.009 743 2 0.4841728 0.577490659 2.828-01

30 0.5 15781 l8 I -0.009 743 2 0. I 554993 t.33t246004 9.t68-02

3l 0.195916393 -0.009 743
,)

0.2376676 0.420688797 3.37E-0

32 0.0t23t9t47 -0.009 743 2 0. l 883666 0.049s22702 4.80E-0

33 0.34058741 5 -0.009 743 2 0. l 883666 0.805879887 2.10E-0

34 0.347788822 -0.009 743 2 0.1 883666 0.822472s22 2.05E-0

35 0.t35463204 -0.009 743 2 0.4841728 0.207864709 4.188-0

36 0. I 856ss078 -0.009 743 2 0. I 883666 0.448902996 3.278-0

37 -0.091840972 -0.009 743 2 0.1554993 -0.20963617s 5.83E-0

38 0.01 8626586 -0.009 743 2 0.4841728 0.039953849 4.84E-0

39 0.10818891 -0.009 743 2 0.4841728 0. l 68667665 4.33E-0

40 0.01 5861908 -0.009 743 2 0. I 883666 0.0576855 16 4.77E-0
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oBs It E.It Var.I1 Z.lt Pr(z > 0)

4l 0.91976815 -0.009 743 2 0.3 19836 t.642574675 5.02E-02

42 0.599467645 -0.009 743 2 0.1l44l5l t.799369147 3.60E-02

43 -0.295873476 -0.009 743 2 0. I 883666 -0.660578537 7.46E-01

44 1.233640963 -0.009 743 2 0.319836 2.197570872 1,408-02

45 l .7s81 802 l9 -0.009 743 2 0.2376676 3.62525571 1.448-04

46 0.2380073:75 -0.009 743 2 0.1320226 0.680287014 2.48E-01

47 0.89808s754 -0.009 743 2 0. I 554993 2.300740449 t.078-02

48 -0.006780677 -0.009 743 2 0. I 554993 0.006070071 4.98E-01

49 -0.473386776 -0:009 743 2 0.4841728 -0.667139423 7.48E-01

50 -0.168444443 -0.009 743 2 0.3 19836 -0.28r624638 6.1lE-01

5l -0.0266s1225 -0.009 743 2 0.319836 -0.030903029 5. l2E-01

52 0.005697163 -0.009 743 2 0. I 883666 0.034265106 4.868-01

s3 2.1 s 1 995086 -0.009 743 2 0.4841728 3.105908215 9.488-04

54 1.981718142 -0.009 743 2 0. I 554993 5.048747292 2.22E-07

55 t.332814361 -0.009 743 ) 0.1320226 3.693386343 t.l lE-04

56 2.36321796 -0.009 743 2 0. I 554993 6.01620094t 8.93E-10

57 2.108027876 -0.009 743 2 0. I 883666 4.878208584 5.35E-07

58 rs62s09792 -0.009 743 2 0. I 554993 5.00003642 2.878-07

59 t.26224688 -0.009 743 2 0.t320226 3.499172357 2.338-04

60 2.567407275 -0.009 743 2 0.2376676 5.285 16885 6.28E-08

6l 2.t541279t6 -0.009 743 2 0. I 883666 4.984426882 3. I I E-07

62 2.09895024 -0.009 743 2 0.319836 3.727628074 9.668-05

63 t.453196499 -0.009 743 2 0.3 19836 2.58579337 4.86E-03

64 1.031859014 -0.009 743 2 0.4841728 t.496tt3t52 6.738-02

65 0.668270742 -0.009 743 2 0.2376676 1.389597563 ' 8.23E-02

66 0.5304645 I -0.009 743 2 0. I 554993 1368481775 8.568-02

67 t.07t301202 -0.009 743 2 0. I 554993 2,74000t256 3.07E-03

68 0.816741126 -0.009 743 2 0. I 883666 1.902977337 2.858-02

69 t.223271121 -0.009 743 2 0. I 554993 3. I 25385065 8.88E-04

70 0.998452488 -0.009 743 2 0.2376676 2.0668772t4 1.94F-02

7l 0.31391 1859 -0.009 743 2 0. 007203 I .01 8028124 1.54E-01

72 1.176761805 -0.009 743 2 0 883666 2.73249469s 3. l4E-03

73 t.129896557 -0.009 743 2 0. 554993 2.888594487 1.93E-03

74 0.657575549 -0.009 743 2 0. L44l5l t.971t5745t 2.448-02

75 0.159029187 -0.009 743 2 0 883666 0.387s54745 3.498-0

76 0.01 7633288 -0.009 743 2 0.2376676 0.05498863 4.78E-0

77 0.044866 I 95 -0.009 743 2 0.2376676 0. I I 0849663 4.568-0

78 0.133453616 -0.009 743 2 0. I 554993 0.361693251 3.598-0

79 0.64505701 I -0.009 743 2 0.1554993 t.6s9079382 4.85E-02

80 0.16r833873 -0.009 743 2 0.2376676 0.3507776t 3.63E-01

8l 0.14970638 l -0.009 743 2 0.t320226 0.437267312 3.31E-01
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OBS Ir E,It Var.I1 Z.Ir Pr(z > 0)

82 0.10955316r -0.009 743 ) 0.1007203 0.374t04241 3.54E-01

83 0.000830005 -0.009 743 2 0. l 883666 0.023050773 4.91E-01

84 -0.0020s0557 -0.009 743 2 0. I 883666 0.016413719 4.93E-01

85 -0.042947513 -0.009 743 2 0.1l44l5l -0.099845984 5.40E-01

86 0.011728686 -0.009 743 2 0. I 554993 0.053008366 4.79E-01

87 0.t36980742 -0.009 743 2 0.2376676 0.29979805 I 3.82E-01

88 -0.074646809 -0.009 743 2 0.2376676 -0.t34299338 5.53E-01

89 -0.051318113 -0.009 743 2 0.t320226 -0. I I 5987075 5.46E-01

90 0.102178541 -0.009 743 2 0.1554993 0.28238211 3.89E-01

9l -0.043404843 -0.009 743 ) 0. l 883666 -0.078869969 5.31E-01

92 -0.0668 19073 -0.009 743 2 0. I 883666 -0.132818286 5.53E-01

93 -0.010482549 -0.009 743 2 0.1320226 -0.003600497 5.01E-01

94 -0.010142253 -0.009 743 2 0.319836 -0.001711533 5.01E-01

95 0.018454r 38 -0.009 743 2 0.2376676 0.0s6672385 4.77F-01

96 0.0t65779t -0.009 743 2 0.2376676 0.052823803, 4.79E-01

97 0.16821443 -0.009 743 2 0.2376676 0.36386561 8 3.588-01

98 0.356927159 -0.009 743 2 0.4841728 05261399s3 2.998-01

99 -0.003515671 -0,009 '143 2 0. I 5s4993 0.0t434987 4.948-01

100 0.094572457 -0.009 743 2 0.2376676 0.2 I 2808783 4. I 6E-01

101 0.004347934 -0.009 743 2 0.2376676 0.027737275 4.89E-01

102 0.t26399364 -0.009 743 2 -0. I 883666 0.31237294 3.778-01

103 -0.080960686 -0.009 743 z 0. I 554993 -0.18204462 5.728-01

104 0.09779607s -0.009 743 2 0.3 19836 0.189147t82 4.258-01

105 0.049225667 -0.009 743 2 0.977183t 0.059077855 4.76E-01

106 0.049225667 -0.009 743 2 0.9771831 0.059077855 4.768-01

107 0.0629s2487 -0.009 743 2 0.2376676 0.14794886 4.41E-01

108 0.0801 55847 -0.009 743 2 0.2376676 0. I 83236959 4.27E-01

109 0.0004279s6 -0.009 743 2 0.1320226 0.026427113 4.89E-01

n0 -0.396967249 -0.009 743 2 0.3 19836 -0.685703241 7.548-01

3

spatially correlated to each other. A negative value ofthe statistics indicates that the

two neighboring districts are not spatially related to each other, i.e. they have dissimilar values

of poverty. Statistical significance is set at the 95 percent confidence level. P-value less than

0.05 shows that the spatial dependence between the two districts is significant. Results of the

above table show that local Moran's I is significant for 39 pairs of districts where as the I

statistic is insignificant for 7l pairs of districts. It implies that 39 pairs of districts are spatially



!
correlatod and 7l districts art not spatially correlatod. For further analysis about spatial

impacl we can also checkthe ryatial clustcrpattcrnontLcbasis ofLISd andMoran,s scatter

plot which are given below.

Moran scatter plot for the dependent variable is also used to detect local spatial

pattern in a variable. The Moran's statistic together with a scatter plot, namely Anselin's

Moran scatter plot which is designed to visualize the type and strength of the spatial

autocorrelation on the basis of the slope of the regression line corresponds to the value of the

Moran's I. Standardized value ofthe variable is displayed on the x-axis whereas standardized

spatially lag ofthe same variable is aken on the y-a:ris of the scatter plot.

Figure 3.1. Monn scetter plot for the Dependent verieble @oyERTy)

lftlILtoAt PEIE < 2-ZF:16

The above scatter plot represents four quadrants each indicating four types of spatial

association:
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o Quadrant I: Districts with high value of poverty surrounded by the district with high

value of poverty;

o Quadrant II: Districts with low value of poverty surrounded by the district with high

values ofpoverty;

r Quadrant III: Districts with low value of poverty surrounded by the district with low

values of poverty;

o Quadrant IV: Districts with high value of poverty surrounded by the district with low

values of poverty.

Points lying in quadrants I and III represent those districts which have spatial dependence.

Since most of the points lie in these two quadrants, it requires spatial econometric modeling

of the phenomenon. Global Moran I test statistic: 0.61I with its P value as 0.000. this shows

that overall spatial autocorrelation in district-wise poverty of Pakistan exists.

According to Anselin, L. (2013), observations fall into these four types of spatial

association can be plotted in Local indicator of spatial autocorrelation (LISA) cluster map

which is also used as an indicator of local spatial association. LISA clustered map of district-

wise poverty in Pakistan is presented in Figure 3.2.

Results of the map represent spatial patterns with five categories represented by

different colors Anselin, L. (2013). The significance map shows the locations with significant

local Moran statistics in different shades of green. P value less than or equal to 0.05 shows

the significance of spatial pattems. On the basis of LISA cluster map, the following five types

of cluster patterns show in district-wise poverty in Pakistan. (i) "High-High" indicates higher

values of poverty surrounded by neighboring districts with higher values of poverty and it

implies that there is positive spatial autocorrelation. (ii) "Low-High" indicates low values of

poverty index adjacent to neighboring districts with higher poverty values and it implies that



there is negative spatial autocorrelation. (iii) "Low-Low'' indicates lower values of poverty

surrounded by neighboring districts with lower poverty values and it implies that there is

positive spatial autocorrelation. (iv) "High-Low" indicates higher values adjacent to

neighboring units with lower values and it implies that there is negative spatial

autocorrelation. (v) "Not Significant" indicates that there is no statistically signiiicant spatial

autocorrelation. The High-High

Fisurc 3.2. Lisa Cluster Man and Significancc Map

LEA Cluster klap:

tr Hot S'gnificant

I Hish-Hirlh

f Low-Law

I Low*lfuh

tr Hgh{ovr

t,
LISA Sqnifrcance Hao

f] ruotSqnilrcant

f p=a"os

! p=0"01

I p=o.ocl

I p = 0.0001

and Low-Low locations (positive local spatial autocorrelation) are typically

spatial clusters, while the High-Low and Low-High locations (negative

autocorrelation) are termed spatial outliers.

referred to as

local spatial



il
the apparent clustering of poverty rates indicates that the data are not randomly dislributed,

but instead follow a systematic pattem. The spatial clustering of variables, and the possibility

of omitted variables that relate to the connectivity of neighboring localities, raise model

specification issues. 
r

The LISA cluster map with its significance map and Moran scatter plot recommend

spatial regression analysis of the phenomenon. Because they show that a positive spatial

dependence (spatial autocorrelation) are exist. It implies that we have to move to estimate

spatial regression model to get valid estimates in this study. Three main types of spatial

econometrics models, spatial lag model or spatial autoregressive model, spatial error model,

and the spatial general model is the combination of spatial lag and spatial error model. For the

selection of the model can be use the langrage multiplier test and it also be used for detecting

the spatial dependence. Before estimation of a spatial regression model, Global Moran I test

is applied on the residual of the general linear model (OLS).

ln spatial context, the Moran's I is a measure of spatial dependence or spatial

autocorrelation developed by Patrick Alfred Pierce Moran (1950). Spatial autocorrelation is

characterized by a correlation in an indication among nearby location in geographical space.

The test statistics of the Moran's I as follows.

N tiziwii(xi- r)@i - i):--- W Z1.r-ry
Where N represent the number of spatial observation (unit) indexed by i and,1, where

x is the variable of interest, the representative the mean of x is.f, where w;; is the spatial

weight matrix with the diagonal on zeroes. The null hypothesis of the Moran's I test statistics

of no spatial auto correlation. For the Moran's I test statistics the spatial weight matrix is very

*

necessary.
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Here we can shortly describe the Spatial weight which are denoted by W where

W :[wii the wi1 mean spatial link matrix, if we have wii > 0 it means that i and j are

spatially connected, in this situation i + j.If *rj: 0 it means that the observations (location)

are not spatially connected because i = j. Furthennore, the weight matrix is squared

symmetric matrix. It's construction on the basis of contiguity criteria which are rook (share

the edges), bishop (share the corners), and queen contiguity (share the both). The detail

information regarding contiguity criteria is given in the chart.

Rooks Case

4

{- I

I

-)'

+

Bidr_ops'Casi

I ,
\./
,/\

I I

Queel's (Kings) Case

i ,A a

1(-
\l/
/,\ -+

',1 + t

+f
fS

the complete format of the spatially weight matrix as follows.

then finally we can transform the spatial weight matixW to row standardized matrix, as

follows.

1']

[o \z

* =l':, 9t::
L',, wn2

w =:!!-Ljwij

The spatial weight matrix W can measure the similarity, for example connectivity. And

dissimilarity (distance). On the basis of data in 2009, District-wise spatial weight matrix of
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Pakistan economy is presented in Appendix.

explained below.

Firstly, spatial Autoregressive model

regression setting can be modeled similar

Formally,

Different types of spatial regression models are

can be considered. Spatial lag dependence in a

to an autoregressive process in time series.

y=pwy+XBte (3.6)

The presence of the termWy induces a nonzero correlation with error term, similarly to the

presence of dependent variable, but different from the time series context. Contrarious to time

series, lwy)iis always correlated with ei irrespective of the structure of the errors. This implies

that OLS estimates in the non-spatial model will be biased and inconsistent Anselin and Bera

(1998). Secondly, Spatial error model is considered as another way to model spatial

autocorrelation in regression model whose specification is as follows.

i !=XF+e

e= LWe*F

(3.7)

with

Thirdly, the general spatial model (SAC) aerie or (nests) of the both the spatial

autoregressive model (SAR) and the model of the spatial enor (SEM). If in the langrage

multiplier result can only rho or lambda positive and significant then the spatial lag or spatial

error model should be selected as the appropriate spatial model. If both spatial parameter rho

and lambda are significant then we should be select the more significant parameter. If both

are insignificant then we can move spatial general model (SAC). Which are given below.

y= pwy+XB*e

e: trWe*F

33
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LeSage ( 1999) presents multiple techniques for selecting appropriate specifications of

spatial models. Since the spatial general model (SAC) is the combination of the spatial

_autoregressive 
model (SAR). we estimate first spatial general model. If both the spatial

parameter (p ,l)are significant and positive then the spati;l autoregressive modet should be

select. If only lambda or rho is significant and positive, then the SEM (the SAR) should be

chosen as the appropriate spatial model. According to (Anseiin ! 20c4 ) model is selected on

the basis of LM test applied to spatial lag model and spatial error model. The decision process

is explained in Figure 3.3.

Figure 3.3. The Spatial Regression Decision process
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3.5. Conclusion

We conclude that the most important thing which are occurring the spatial impact, in

this circumstance we cannot analyze the OLS Regression because it gives biased and

insignificant results, the second, selection of the spatial regression model by Lagrange

Multiplier test or (The Spatial Regression Decision Process). Furthermore, accordance to the

LISA map and Moran's scatter plot and its result suggest that there is a strongly spatial

clustering, the interpretation of Moran's, I test, as well as regarding the spa'tial weight matrix.

we are also some discussed regarding, data, definition of variables, model specification, and

theoretical background regarding the infrastructure and poverty.

't
,,.t
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Chapter 4

Results and Discussion

4.1. Introduction

This chapter presents estimation results along with discussion. Second section

contains estimation results of General Linear Regression model and Moran I test. Second

section presents results of spatial econometric models. The best model is selected and its

estimates are interpreted. The last section contains summary of the results.

4.2" Estimation Results of OLS

As a first step, the specified model in equation 3.3 is estimated as General Linear

Regression model by employing Generalized Least Square meihod. Estimation results are

presented in Table 4.l. Some diagnostic tests are applied to establish validity of the estimate

d model. Results of these diagnostic tests are given in Table 4.2. The condition number of

multicollinearity is show that there is no collinearity among the variables as its estimated

value is less than 30. BP test show that there is the problem of heteroscedasticity, while the

JB test indicate the problem of non-normality. Further the R-squared and F-test are

suggesting that the model is valid. Moran's, I provide a significance result which indicate the

presence of positive spatial dependence (spatial auto correlation) among the regression

residuals. since we have found the significant result of the Moran's, I test which show b

positive spatial autocorrelation in the residuals. The test which are show a positive spatial

autocorrelation in the residuals, So, the OLS model is not satisfactory because a strong and

significance positive spatial autocorrelation. we have clearly indication of a spatial

regression models as an alternative
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Table 4.1. Results of OLS

Table 4.2. Diagnostic Results of the model estimated by OLS

Test Value P-value

R-squared 0.7628

F-statistic 35.74 <2.2e-16

Breusch-Pagan 24.55 0.00351 I

JarqueBera 9.8378 0.007307

Multicollinearity condition number 6.567765

Moran's, I 1.9013 0.02863

LM-error t.4ts7 0.2341

LMJag 4.01 0.04523

frame work. We have clearly signal of a spatial regression models as another frame work.

Lagrange multiplier test is also applied to test spatial impact in residuals of the above

estimated model. The results are presented in Table 4.2 which show that LM test statistic is

significant for Spatial Lag model whereas LM statistic is insignificant for spatial error mode.

However, we estimate the three spatial models, i.e. spatial lag model, spatial error model

Coefficient Estimate S.E t values p values

Intercept 0.342867 0.012502 27.425 <2e_16 ***

lncome -0.0414s8 0.116747 -0.355 rr 0.7232ss

Finance -0.018822 0.010733 -1.754 0.082ss3.

Physical I 0.012480 0.010521 r.186 0.238341

Physical 2 -0.022715 0.017416 1.304 0.19512r

Health -0.007277 0.014639 -0.497 0.620225

Energy -0.065717 0.02027s -3.241 0.001617 **

Communication -0.032353 0.016259 1.990 0.049336 *

Education For G -0.08820s 0.020741 4.253 4.76e-05 **'*

Education For B 0.071442 0.019488 3.666 0.000397 ***
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and spatial General model. Then selection of the model is done on the basis of significance

of the parameters representing spatial impact.

4.3. Estimation Results of Spatial Econometric models

As Moran's I test shows that spatial dependence exists in the model, it implies that we

have to estimate spatial econometric model. Three types of spatial econometric models are

estimated by using maximum likelihood method. Spatial Lag model, spatial error model and

spatial general model is estimated and the results are presented in Table 4.3, Table 4.4 and

Table 4.5 respectively.

Table 4.3. Results of Spatial Lag model

s.$.

Coefficient Estimate Standard Error Z-values P-values

"Intercept 0.2754871 0.0324184 8.4979 <2.2e-16

lncome -0.0903676 0.1092486 -0.8272 0.4081384

Finance -0.0215988 0.0101175 -2.1348 0.0327771

Physical I 0.007651 1 0.0098428 0.7773 0.4369681

Physical 2 -0.0032103 0.0175081 -0.1 834 0.8545134

Health -0.00774s6 0.0137150 -0.5648 0.5722399

Energy -0.0660891 0.0190476 -3.4697 0.0005211

Communication -0.0267006 0.0151994 -t.7567 0.0789720

Education For G -0.0815830 0.0194540 -4.1936 2.745e-05

Education For B 0.07t5670 0.0181447 3.9442 8.006e-05

Rho (p) 0.20769 0.0232

AIC -201.91

BP-test 30.167 0.0004108

JB-test t3.478 0.001184
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+ Table 4.4. Results of Spatial Error Model
Coefficient Estimate Standard Error Z-values P-values

Intercept 0.34536186 0.01390678 24.834r <2.2e-16

Income -0.077957t7 0.1 l48l0l9 -0.6790 0.4972

Finance -0.01739132 0.01008833 -1.7239 0.0847

Physical I 0.00679635 0.01052040 0.6460 0.5182

Physical 2 -0.01443035 0.01783236 -0.8092. 0.4183

Health -0.00010s98 0,01387321 -0.0076 0.9939

Energy -0.07865997 0.02053254 -3.8310 0.0001

Communication -0.02712072 0.01619098 -t.6751 0.0939

Education For G -0.08232973 0.02089469 -3.9402 8. l4l e-05

Education For B 0.06415711 0.01879631 3.4133 0.0006

Lambda (,1) 0.23s09 0.15155

AIC -r99.s9

BP-test 26.348 0.001791

JB-test 8.4782 0.01442

.\,

.i

Table 4.5. Results of Spatial General'Model
Coefficient Estimate Standard Error Z-values P-values

lntercept 0.2713623 0.0445852 6.0864 I . I 55e-09

lncome -0.088462r 0.109 178 I -0.8103 0.4177

Finance -0.02181855 0.0102269 -2.t331 0.0329

Physical I 0.0078855 0.0098282 0.8023 0.4223

Physical 2 -0.0030255 0.0185780 -0.1629 0.87063

Health -0.0085473 0.0137852 -0.6200 0.5352

Energy -0.0646879 0.0190712 -3.3919 0.0006

Communication -0.0266966 0.0151866 -1.7579 0.0787

Education For G -0.0816341 0.0t94779 -4.191I 2.776e-05

Education For B 0.0721781 0.0180749 3.9933 6.516e-05

Rho (p) 0.21942 0.13024 r.6848 0.092033

Lambda (.1) -0.027874 0.20022 -0.13922 0.88928



l) Diagnostic tests of spatial lag model presented in Table 4.3 can be interpreted as

follows. Rho parameter represents lag spatial impact which is significant. It indicates that

there is significant spatial dependence or autocorrelation among the observation of the

dependent variable. The AIC is lower than linear model, indicating a better model fit than

general linear model. The BP-test shows that errors are heteroskedastic. Breusch-Pagan test a

lso indicates heteroskedasticity in the residuals. Results of diagnostic tests for spatial error

model in Table 4.4 can be interpreted as follows. Lambda parameter representing spatial

impact in errors is insignificant which indicates no spatial dependence in the error term of

the model. The AIC show that the spatial enor model is better fit than general linear model,

but not if we compare the result of AIC to AIC of the spatial lag model. Errors are declared

as heteroskedastic on the basis of BP.'Table 4.5 contains results of spdtial general model.

Both of the parameters representing spatial impact are insignificant. On the basis of both Lag

range's Multiplier test as well as significance of spatial parameters, spatial Lag model is

selected as the best model in order to capture spatial impact for the,phenomenon under

consideration in this study. t

However, estimation results of spatial lag model presented in Table 4.3 cannotbe valid

as there is the problem of endogeneity in the sense that the spatial lagged termWy is correlated

with the disturbance'term, thus reveal the endogeneity issue. To tackle endogeneity problem,

Spatial lag model is estimated by using 2SLS and the results are presented in Table 4.6.

$i-



'jr Table 4.6. Results of Spatial Lag Model By 2SLS

Coefficients Estimate S.E t values p values

Rho 0.3764873 0.1366646 2.7s48 0.0058723

lntercept 0.22072s4 0.0460052 4.7978 1.604e-06

Income -0.1301l8 0. l l 90609 1.0929 0.2744503

Finance -0.0238554 0.0106956 -2.2304 0.0257213

Physical I 0.0037264 0.010807s 0.3448 0.7302443

Physical 2 0.0126420 0.0213805 0.5913 0.5543270

Health -0.0081269 0.0143764 -0.5653 0.5718761

Energy -0.0663919 0.019908s -3.3349 0.0008s34

Communication -0.0221066 0.0163915 1.3487 0.1774439

Education For G -0.0762007 0.0208255 -3.6590 0.0002532

Education For B 0.07 r 6688 0.0191342 3.7456 0.0001800

JB-test 16 2 3e-04

ss
-

The above table shows that estimate of spatial autoregressive coefficient (p) of the

spatially-weighted lag Poverty is 0.376 and is significant (p < 0.005). it implies that there is

significant positive spatial dependence between the districts w.r.t. poverty in Pakistan. Hence,

the estimated spatial econometric model may be considered as valid model. Other estimates

may be interpreted as follows.

Coefficient of income infrastructure is insignificant for district poverty, but its

negative sign implies that it may help to reduce poverty. Coefficient is insignificant due to the

reason that there are usually small industries in rural areas which are not playing significant

role in creating employment opporfunities. Most of the people residing in rural areas depend

upon agriculture, forestry or public sector employment. Coefficient estimate of financial

infrastructure is significant and its sign is negative. It implies that development of financial

infrastructure in rural areas significantly helps to reduce poverty level. It is because their

4t



educations in rural poverty linked to increased credit (commercial bank and online bank)

provision in rural areas. these findings suggest that the central banks (state bank of Pakistan)

licensing policy enabled the development of an extensive rural branch network, and that this,

in turn, allowed rural households to better accumulate capital and to obtain loans for longer

term productive investments. Coefficient estimates of both types of Phybical infrasffucture

are insignificant with positive signs. It shows that physical infrasffucture including: piped

supplied, filtration, sewerage, toilet, bricked street, and bricked drains facilities seems to have

no role in reducing poverty level in Pakistan.

Parameter'S estimate of health infrastructure is insignificant with negative sign. It

implies that rural health infrastructure like hospital and basic health units, is not playing

significant role to reduce poverty. It may be that there is lack of access to basic health care

services, lack of health infrastructure. In the rural areas, people live far from hospitals and

basic health care units. It is for this reason that most wbmen give birth at home with the

assistance of a midwife or lady health worker. Illness pushes the people into poverty through

lost wages, high spending for treatment and recurring treatment L, tnei, illnesses.

Coefficient' estimate of Energy infrastructure is significant with ,.*u,ru. sign. It can be

interpreted that development of energy infrastructure in rural areas significantly affects

poverty reduction in Pakistan. It is because electrificbtion of villages assists with poverty

reduction when combined with, manufacturing, lighting, irrigation, refrigeration, health care,

education, drinking water, farm mechanization and post-harvest processing.

Coefficient estimate of communication infrastructure is insignificant and its sign is

negative. It implies that communication infrastructure in rural areas like metal road and

transportation is not playing significant role for poverty reduction in Pakistan. It is due to the

\
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lack of communication infrastructure and less quality of metal road, transportation; in rural

areas may does not completely help to reduce the poverty.

Coeffrcients' estimates of education infrastructure for boys and for girls are

significant. However, sign of education infrastructure for boys is positive whereas sign of

education infrastructure for girls is negative. It implies that education infrastructure like

schools, colleges and other professional educational institute significantly affect poverty in

Pakistan. However, development of education infrastructure for giils in rural areas

significantly helps to reduce district-wise poverty. Positive sign of education infrastructure

for boys implies that it causes to raise district-wise poverty level. It is because most of

educated males shift their families from rural areas to major cities of Pakistan. The reason is

that rural areas are not provided modern facilities of life. Young educated persons prefer to

migrate from rural to urban areas due to lack of job opportunities because introduction of

labor saving devices in agriculture and bad weather condition has decreased the demand for

labor in the agriculture sector. Another one reason for this pattern of migration is that many
I

educated males desire to expand their experiences they may wish to eiposed to a greater

variety of opportunities, people, culture, art, food, and entertainment. The variety they desirb

may not be as widely or conveniently available to them in their rural areas as in a city in their

country. The migration of educated males from rural areas to urban areas has detrimental

effects on the rural economy. on the other side, most of educated females live their life in

home towns and they play their role in economic activities which help to reduce poverty level

ofthose areas.
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4,4, Conclusion

In this chapter, we conclude that the spatial autocorrelation exists in the sample data

on the basis of Moran's I, the LM (test) are utilized for model selection which are spatial

autoregressive SAR model selected. The SAR provides better results than. OLS, SEM, SAC,

but the problem of endogeneity is occurred. So finally, the spatial lag model done by 2SLS

method. In particular, it conforms that the percentage of income, physical l, physical 2,health,

communication, have no significant effects on the poverty. The variables of FINANCE,

ENERGY, and EDUCATION FOR G, negatively significantly effect on Poverty, while the

EDUCATION FOR B are positively significant means that the poverty is increasing in rural

area, in the sense that urban areas have more opportunities for educated males as a result they

move to urban areas

\'
4
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Chapter 5

Summary, Conclusion, And Further Research Work

In this chapter, we are going to write down the conclusion, ,u**'ury, finding of the

study, policy implication, of all these research work and further research work. This study is

comprising into five chapters. Chapter I provides the explanation of our topic and objectives

of our study. The core objective of our thesis, to determine the role of physical, health, and

education capital in eradication district wise poverty in Pakistan by analyzing spatial

analysis, and predict the districts wise spatial pattern of poverty in Pakistan is the estimation

of best spatial regression model, the concluding remark about this chapteJ is that to identified

the linkage between the infrastructure and poverty in rural areas of Pakistan.

In chapter 2, are discussed regarding the primary concept of poverty and its link with

rural infrastructure, except that existence of a linkage among the reduction of the poverty and

rural infrastructure. conducted in developing and developed countries" have undertaken a

number of studies to address these issues. However, no studies have yet been found to explore

this issue in Pakistan at the districts wise by spatial analysis. In the case of Pakistan, there is

no empirical research on this issue, the proposed research is justified. This study provides

insight into the role of infrastructure in rural areas of poverty reduction. Furthermore,

discussion in this chapter regarding the spatial econometrics analysis for determining the

neighboring impact, and clustering of the poverty. for more utilizing this technique is very

necessary when we dealing about areal wise data.

In chapter 3 we are discussed regarding the specification of the model, interpretation

of indices, these indices are poverty index (is the dependent variable), communication,

physical, energy, health, education, and financial infrastructure index. Furthermore, about this

*
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chapter are the interpretation of the variables, Motivation for using spatial analysis, spatial

econometrics models, and Data source, material and methodology. other than that, the

transformation of simple regression to spatial regression. In this transformation, the result of

the LISA cluster map, Moran's scatter plot, and local Moran's I statistics is the main

contribution. Furthermore, the decision rule for the selection of the best spatial models.

Further discussion about the connection between tlie rural infrastructure and poverty

incidence.

Chapter 4, Reveals the result and discussion, we analyzedthat if the data are areal wise

or geocoded then it is necessary to deal kind ofthis data by spatial analysis. our results are

suggesting that the spatial autocorrelation exists in the sample data according to global

Moran's I, statistics and Lagrange Multiplier also telling us about spatial dependence, but for

our purpose LM (test) are utilized for model selection which are selected the SAR model. The

spatial autoregressive model provides better results than OLS, but the problem of endogeneity

is occurred. So finally, the spatial lag model done by two stage least square technique.

From the final result, we analyzed that the indication of positive and significant spatial

autoregressive coefficient Rho (p) denotation that a'higher level of Poverty in a Districts

significantly increases Poverty in the neighboring Districts of Pakistan. Therefore, there exists

a positive spatial interaction between Districts Poverty of surrounding regions. Furthermore,

we concluded from the interpreted coefficients.

The coefficient of the infrastructure for income is not significant for poverty in the

regions, but it is negative. indicates that it may help to reduce poverty. The coefficient is

insignificant given that small industries are usually in rural areas that do not play an important

role in job creation.
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Estimate of the financial infrastructure coefficient is significant, and a negative sign.

This means that the financial infrastructure development in rural areas helps significantly

reduce the level of poverty. because the reductions in rural poverty are associated with

increased credit facilities (commercial banks and online banks) in rural areas.

Estimates of the coefficient of both types of physical infrastructure are not significant

and a Positive sign. Physical infrastructures, including piping, filtration, drainage, toilet and

brick sffeets, and built-up sanitation facilities appear to have no role in minimizing the rural

Poverty in Pakistan.

The parameter estimation of the health infrastructure is insignificant with a negative

sign. This means that rural health infrastructure such as hospitals and basic health units do not

play an important role in poverty reduction. Due to the lack of health facilities and males,

females stop.

Estimate of the coefficient of energy infrastructure is significant with a negative sign.

It can be explained that the development of rural energy infrastructure has a significant impact

on poverty reduction in Pakistan.

Coefficient estimate of communication infrastructure is inSignificant and its sign is

negative. This means that rural communication infrastructure such as road and road transport

does not play an important role in poverty reduction in Pakistan.

Estimates of the coefficient of education infrastructure for boys and for girls are

significant. However, the sign of education infrastructure for boys is positive, while the

reference to girls' educational infrastructure is negative sign. The reason is that rural areas are

not provided modern facilities of life for educated peisons. Because, Young educated persons

prefer to migrate from rural to urban areas and also may be this reason, due to lack of job

opportunities.
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From the above discussion, we are able to make some recommendations to ensure that poverty

in rural areas of Pakistan is reduced through expansion of the facilities of infrastnrch,re. The

Specific policy and recommendations are set out below.

f . if government should give the opportunity, indusfiies creation, and other source of

income to rural areas. Then the educate people should never be migrate to urban

areas,

2. our research work suggests that the financial, energy, and social infrastructure is

sfiongly negative and significant impact on poverty, so it is necessary for the

government of Pakistan to increase these infrasfiucture in rural areas.

For Furttrer Research, this work can be extended to Bayesian spatial econometrics.

furthermore, spatial panel model, Bayesian spatial model, spatial statistics, and Bayesian

spatial statistics, is my next ambition.
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$
J Table: A: Neighboring pattern of Districts

DISTRICTS DISTRICTS NAMES Serial numbers of neighboring districts

Quetta 2.4.6.9

2 Pishin 1.3.9.10.13

3 Oilah Abdullah 2,13

4 Nushk r.s.20.21.14

5 Chasa 4,24,25

6 sibi 1,7,9,10,17,20

7 Kohlu 6.8.10.12.t7.82

8 DeraBusti 7,7 5,16,17,82, I 08, I 09

9 Ziarat 1.2.6.10

l0 Loralai 2.6.7 .9.11.12.13.14

il Musakhel 10,12,14,82

L2 Barkhan 7.10.1 1.82

l3 Oila Saitullah 2.3.t0.14

t4 Zhob l0,l1,13
15 Jafarabad 8.16,1 8,108

l6 Nasirabad(At deramurad) 8.1 s.1 7.1 8

t7 Bolan 6.7.8.16.18.20.21.22

18 JhalMaesi 15,16,17,22

t9 Lasbela 22.23,27,92,93,1 10

20 Mastung r.4.6.17.2t
2t Kalat 4,17,20,22,24,25

22 Khuzdar t7 ,18,19,21,23,25,92

23 Awaran 19.22.25.26.27 ,28

24 Kharan 4,5,21,25

25 Washuk 5,21,22,23,24,28

26 Kech(Turbat) 23.27.28

27 Gwadar 19,23,26

28 Panizur 23.25.26

29 Peshawer 30.31

30 Nowshera 29,31,32,33,34,55

3t Charsadda 29.30.32.52

32 Mardan 30.31.33.48.s2
33 Swabi 30.32.42.48.55

34 Kohat 30,35,36,55,74

35 Hanso 34,36

36 Karak 34.3s.39.40.74
37 D.LKhan 38,40,74,75,82,84
38 Tank 37.40



DISTRICTS DISTRICTS NAMES Serial numbers of neighboring districts

39 Bannu 36,40

40 Lakimarwat 36.37.38.39.74

4t Abbottabad 42.43.54

42 Hariour 33,41,43,47,48,53,54,55

43 Mansehra 41.42.44.45.47

44 Battaeram 43.45.47

45 Kohistan 43,44,46,47

46 Swat 45.47 .48,49,50,5 I ,52
47 Shansla 42.43.44.45.46.48

48 Buner 32,33,42,46,47,52

49 Chitral 46.50

50 Upper Dir 49.49.5t

5l Lower Dir 46.s0.52

52 Malakand 31,32,46,48,51

53 Islamabad 42.54

54 Rawalpindi 4t .42.53.55 ,56,s7

55 Attock 30.33.34.42.s4.57 .74

56 Jhelum 54,57 ,60,61,72,73
57 Chakwal s4.ss.56.73.74

58 Guiranwala 59.60.61 .62 .63.67

59 Hafizabad 58,61,67,68 ,69,71,72
60 Guirat s6.s8.61.62

6l Mandi Bahauddin 56.58.59.60.72

62 Sialkot 58.60.63

63 Narowal s8.62.67

64 Lahore 6s.67

65 Kasur 64,66,67,68

66 Okara 6s,68,69,79,80,87
67 Sheikhupura 58.s9.63.64.65.68
68 Nankana 59.6s.66.67.69

69 Faisalabad 59,66,68,70 ,71,79
70 Toba Tek Sineh 69.71_79.81

7l Jhans 59.69.7 0.7 2.73.75.8 I .84,85

72 Sarsodha 56,59,61,71,73

73 Khushab 56,s7 ,71,72,74,7 5

74 Mianwali 34,36,37,40,5 5,57,7 3,7 5

75 Bhakkar 37.7t.73.74.84
76 Multan 77.81.85.86

77 Lodhran 76.78.81.86
78 Vehari 77 .79.80.81.86.87
79 Sahiwal 66,69,70,78,80,81
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DISTRICTS DISTRICTS NAMES Serial numbers of neighboring districts

80 Pakoattan 66,78,79,87

8t Khanewal 70.7r.76.77.78.79.85

82 Dera Ghazi Khan 7 .8.1 1.12.37.83.84,85, l 09

83 Raianour 82,85,88,101,109
84 Lawah 37,7t,75.82,85
85 Muzaffarearh 7 1.7 6.1.82.83.84.86.8 8

86 Bahawalpur 7 6,77 ,78,85,87,88
87 Bahawalnasar 66.78.80.86

88 Rahim Yar Khan 83.8s.86.101

89 Hyderabad 90,91,93,94,95,96,99
90 Badin 89.91.94.96.97 .98

91 Thatta 89,90,93,94,1l0
92 Dadu 19,22,93,103,t04
93 Jamshoro I 9.89.91.92.95. 103. l I 0
94 TandoAllahvar 89,90,91

95 Matiari 89.93.99.103

96 Tando Muhammad Khan 89,90,97,99

97 Mimur Khas 90.96.98.99

98 Thamarkar 90.97

99 Sanghar 89,95,96,97,102,103
100 Sukkur 1 0 1.1 02.1 07,1 09

l0l Ghotki 83.88.1 00.1 09

t02 Khaimur 99,100,103,104,107
103 Nawabshah 92.93.95.99.102.104
104 NaushahroFeroze 92.102.t03
105 Larkana 106

106 Shahdadkot 105

t07 Shikamur [00,102,108,109
108 Jacobabad 8.15.107.109

109 Kashmore 8.82.83. I 00. l0l. 107. l 08

ll0 Karachi 19,91,93

5l



References

Ahmed, R., & Donovan, C. (1992).Issues of infrastructural development: a synthesis of the literature

Intemational Food Policy Research Institute: Washington.

Ahmad and Malik (2012). Link rural infrastructure with economic growth using a time series data

from 1981 to 2010 from Pakistan. Pakistan Journal of life and social science.

Ahmed, R., & Hossain, M. (1990). Developmental impact ofrural infrastructure in Bangladesh (Yol.

83). Intl Food Policy Res Inst.

Ali, A., & Abdulai, A. (2010). The adoption of genetically modified cotton and poverty reduction in

Pakistan. Journal of Agricultural Economics, 6 I (l), 17 5 -192.

Ali,I., & Pernia, E. M. (2003). lnfrastructure and Poverty Reduction-What is the Connection?

Anderson, E., De Renzio, P., & Levy, S. (2006). The role oJ'public investment in poverty reduction:

theories, evidence and methods (Vol. l1 1). London: Overseas Development Institute.

Anselin, L. (2001). Spatial econometrics. A companion to theoretical econometrics,3l0i30.

' Anselin, L. (2004). Exploring spatial data with GeoDaTM: a workbook. Orbana,S/(61801), 309.

Anselin, L. (2013). Spatial econometrics: methods and models (Vol. a). Springer Science &

Business Media.

Anselin, L., & Bera, A. K. (1998). Spatial dependence in linear regression models with an

introduction to spatial econometrics. Statistics Textbooks and Monographs, 155,237-290.

Anselin, L., & Florax, R. (Eds.). (2012). New directions in spatial econometrics. Springer Science &

Business Media.

Arif, G. M., & Iqbal, N. (2009). lnfrastructure and poverty nexus: The case of rural Pakistan.

In Is lamic International University, Is lamabad. (Conference P ap er.).

Arif, N., & Nazim, A. (2012). Clustered deprivation: district profile of poverty in

Pakistan. Sustainable Development Policy Institute (SDPI).

52



Bhutto, A. W., & Bazmi, A. A. (2007, November). Sustainable agriculture and eradication of rural

poverty in Pakistan. In Natural Resources Forum (Vol. 31, No. 4, pp. 253-262). Blackwell

Publishing Ltd.

Chaudhry, I. S. (2009). Poverty alleviation in Southern Punjab (Pakistan): An empirical evidence

from the project area of Asian Development Bank. International Research Journal of Finance

and Economics, 2 j(23), 23-32.

Chaudhry, I. S., Malik, S., & Ashraf, M. (2006). Rural poverty in Pakistan: some related concepts,

issues and empirical analysis. Pakistan Economic and Social Review,259-276.

Cliff, A. D., & Ord, J. K. (1973). Spatial autocorrelation (Yol.5). London: Pion.

Cook, C. C. (2005) , Assessing the impact of transport and energ,, infrastructure on poverty reduction.

Asian Development Bank.

Dcmurger, S. (2001). Infrastructure development and economic growth: an explanation for regional

disparities in China?. Journal of Comp arative economics, 2 9(l), 9 5 -I 17 .

Dercon, S., & Pramila, K. (1998). Changes in poverty in rural Ethiopia 1989-1995: measurement,

robustness tests and decomposition.

Escobal, J. (2001). The determinants of nonfarm income diversification in rural Peru. Ilorld

D ev e I opm ent, 2 9 (3), 497 -508.

Fan, S., & Chan-Kang, C. (2004). Road development, economic growth, and poverty reduction in

China (No. l2). International Food Policy Research Institute (IFPRI).

Fan, S., & Chan-Kang, C. (2005). Road development, economic growth, and poverty reduction in

China (Vol. l2). Intl Food Policy Res Inst.

Gannon, C. A., & Liu, Z. (1997). Poverty and transpor, (No. TWU-30). Washington, DC:

World Bank.

IFAD (2001). Plan to cut global poverty by 50 % is fbiling-needs of rural majority neglected.

53



IFAD (2001). Rural Poverty Report 2001-the challenge of ending Rural Poverty.

Jacob, H. G. (199S). Access to Markets and Benefit of rural roads: A nor-parametric approach.

Jahan, S., & McCleery, R. (2005). Making Infrastructure Work for the Poor: Synthesis Report of

Four Country Studies: Bangladesh, Senegal, Thailand and Zambia: Executive Summary.

United nations development programme (UNDP).

Khandker, S. R., & Mundial, B. (1989). Improving rural wages in India (No. 276). Population and

Human Resources Department, World Bank.

Khandker, S. R., Bakht,2., & Koolwal, G. B. (2006). The poverty impact of rural roads: Evidence

from Bangladesh.

Khandker, S. R., Bakht, 2, & Koolwal, G. B. (2009). The poverty impact of rural roads: evidence

from Bangladesh. Economic Development and Cultural Change, 57(4'),685-722.

Kwon, E. (2000). Infrastructure, growth, and poverty reduction in Indonesia: A cross-sectional

analysis. Manila: Asian Development Bank. Processed.

Kwon, E. (2000). Infrastructure, growth, and poverty reduction in lndonesia: A cross-sectional

analysis. Manila: Asian Development Bank. Processed.

Kwon, E. (2005b, July). Road Development and Poverty in the People's Republic of China.'. ln ADBI

Worl<shop on Transport Inlrastructure and Poverty Reduction, ADB Manila (pp. l8-22).

LeSage, J. P. (1999). Spatial econometrics.

LeSage, J. P. (1999). The theory and practice of spatial econometrics. University of Toledo. Toledo,

Ohio,28,33.

LeSage, J. P. (2008). An introduction to spatial econometrics. Reyae d'dconomie industrielle, (3)

Lipton, M., & Ravallion, M. (1995). Poverty and policy. Handbook of development economics,3,

2551-2657.

Majumder, R. (2012). Removing poverty and inequality in India: the role of infrastructure.

54



Moran, P. A. (1950). Notes on continuous stochastic phenomena. Biometrika,

Naveed, A., & Ali, N. (2012). Clustered deprivation: District profile of poverty in Pakistan.

Sustainable Development Policy Institute.

Oraboune, S. (2008). lnfrastructure (rural road) development and poverfy alleviation in Lao PDR.

Rayner, N. (2005, July). The Importance of Transport Services for Poverty Reduction. In ADBI

ll/orl<shop on Transport Infrastructure and Poverty Reduction, ADB Manila (pp. l8-22).

Tobler, W. R. (1970). A computer movie simulating urban growth in the Detroit region. Economic

geograp hy, 46(sup I ), 234-240.

Viton, P. A. (2010). Notes on spatial econometric models. City and regional planning,870(03).

Warr, P. (2005). Road development and poverty reduction: The case of Lao PDR (No. 64). ADBI

Research Paper Series.

World Bank (2006). Cambodia poverty assessment 2006, Phnom Penh. Washington D.C: World 
i

World Bank (2006). Development and Next generation. Washington, DC

World Bank (2006). Development and the next generation WDR 2007. The World Bank,

Washington, DC

World Bank (2008). Growth and Poverty Reduction in agriculture three worlds. Washington D.C:

World Bank.

55




