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THESIS ABSTRACT
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(B.A., Liaoning University, 2004)
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Directed by Joseph J. Molnar

Improved availability of irrigation water in agriture can stabilize crop yields
and therefore incomes for adopting producers. Hewewecause of unequal distribution
of access to land and water, irrigation may hawdesimable effects on income
distribution and poverty status of a region otlmamnt poverty alleviation. By analyzing
the extent and kind of irrigation in southeaster.\ltounties in relation to income
distribution while controlling cross-county differees, this paper examines the impacts
of irrigation on poverty and income inequality iretcounties of nine states (Arkansas,

Alabama, Mississippi, Louisiana, Georgia, Southaiaa, North Carolina, Tennessee,
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and Florida) in the southeast United States. Wenex&the notion that irrigation is an

aspect of industrialized agriculture that exacerbatequality in agricultural counties.
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CHAPTER 1
INTRODUCTION

Agriculture is an art of producing crops and livest and it ‘closely touches
almost every science’ (Brooks 1911). Agriculturead in itself a science but it can be
most intelligently and successfully carried on ooyythose who have some
understanding of the sciences (Brooks 1911). Howeyadual improvement of
agricultural technology, domestication of additibpiants and animals from the wide,
step-by —step selection of the most optimal gerextygd crops and livestock, along with
intuitive breeding, continued at a slow pace (AiNd®98) until in 1950s with the great
agricultural transition.

The American agricultural structure is not a mahplbut a kaleidoscope, which
changes over time although slowly. One of the rdosinatic changes in the United
States in the past century is the exodus of Amesi¢@m farming began in the early
1900s, and at the end of the century, the farm fatipn stood at under 2 percent (Lobao
and Meyer 2001).

However, agriculture still plays an important roiethe rise or fall of any
civilization, as it always did in the past. “Theseno business of life which is so highly
conduces to the prosperity of a nation, and tdhdppiness of its entire population, as
that of cultivating the soil” (Buel 1840). Todaytheugh we are able to produce much

more than our counterparts in the past, agricuigistill our “nursing mother, which



gives food, and growth, and wealth, and moral heatid character, to our country” (Buel
1840). No one can ever imagine a world totally dsawithout agriculture. Value of
production by agricultural sector has increasethf&23.7 billion in 1970 to over $279
billion in 2004, and net farm income has increasech $14.4 billion to $28.5 over the
same period (Convey et al. 2007).

Agricultural Treadmill Theory

U.S. agriculture has changed dramatically oveiptst few decades, specifically,
from 1950 untill today, in farm numbers, size, teclogy, and other aspects. There were
around 5.4 million farms in 1950, and decreasing toillion in the 1990s. Average farm
size grew from 215 to 473 acres during the samiegier

During the past half century, farm profits remaih@a although farm size grew
significantly and at the same time more and move teehnology was adopted. In order
to explain this phenomenon, Cochrane (1958) inttedwa notion that “farmers are on a
treadmill which, in spite of their constant adoptf new technologies, wears away any
profits which might result”.

According to agricultural treadmill theory, no oolethe small farms which
produce the same products can affect the commedtyce; hence the farmers who
adopt new technology and thus increase productargyable to gain significant benefits.
However, after some time, others follow and inceesigpoply. The commodity’s price
tends to fall with increased supply. Then, theeased efficiency in agricultural
production can drive down the prices. The downwasssure on crop price directly has

two results: (1) Those who have not yet adoptedéve technology must now do so lest

! DATA from The University of Georgia College of Agultural & Environmental Science Cooperative
Extension Service
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they lose income (price squeeze) and (2) thoseamtadoo old, sick, poor or indebted to
innovate eventually have to leave the scene. Theources are absorbed by those who
make the windfall profits (“scale enlargement”) @danmi et al. 2004). In effect, the latter
results in redistribution of natural resources amdl income and further exacerbates
inequality.
Agricultural Production and Irrigation

From ancient times, population concentrated insavdach had abundant and
readily available water supply. Only with the adwdrirrigation techniques, civilization
began to cultivate crops in arid regions wherecadjre is impracticable or impossible.
For other regions such as semi-arid regions or éuemd regions, appropriate irrigation
still has positive effects on agricultural prododti Irrigation is the artificial application
of water to soil to assist the production of cr¢psyder and Melo-Abreu 2005).

One crucial aspect of the agricultural transitisthie change in irrigation.
Irrigated agriculture has expanded enormously twepast five decades. Irrigated
agricultural land has increased nearly six timesnduhe past century worldwide, much
of which occurred after the 1950s with the develeptof industrialized agriculture
process (FAO 2000b). Most of the expansion in ategl area during the period has taken
place in developing countries. At the global s@a&million sq km (689 million acres) of
agricultural land was equipped with irrigation mstructure around the year 2000. About
68 % of the area equipped for irrigation is locatedsia, 17 % in America, 9 % in
Europe, 5 % in Africa and 1 % in Oceania (Siebed €2007).

Irrigated agriculture is one of the most importemtponents of the world food
production, and a major human use of land and wassurces. Estimates of water use in
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the United States indicate that about 408 billialamns per day (Bgal/d) were withdrawn
for all uses during 2000 (Hutson et al. 2004) hie United States, irrigation remained the
largest use of fresh water since the 1950s.

A sustainable industry including agriculture shobkdeconomically viable and
socially acceptable (Crossen 1992). It is widelgegted that irrigation is important to
the health of the agricultural industry, and hag/etl a critical role in past and current
well-beings of human society. It is estimated thapercent of global farmland under
irrigation contributes about 40 percent of productof cereal crops (WCD 2000).
Intensification of irrigation and the concomitampansion of related agribusiness have
brought and will continue to bring various benefdthe human world. The direct
benefits of irrigation centrally include an increas crop yields due to the steady of
availability of water to meet crop need. Irrigati@iso makes possible the production of a
broader range of crops, many of which are consttgpecialty crops, (crops that are
generally not viable under dry land agriculturahafly, because crop yields are more
stable and reliable under irrigation, insurance @iher related costs are significantly
reduced.

Despite the significant contribution of irrigategrigulture to increasing food
production and to overall socio-economic developmiemngation has come under
increasing criticism over the past decade—for comsuch as socio-economic inequity,
social disruptions and environmental changes tteahtiributed to irrigation development

and reservoir construction (Hussain 2002).



Irrigation in the Southeastern U.S.

The study area includes 9 Southeastern U.S. Swatesama, Arkansas, Florida,
Georgia, Louisiana, Mississippi, North CarolinauBoCarolina, and Tennessee. We
focus on these 756 counties because they arevediatiomogenous in size and
encompass a distinct macroclimatic and cultured afehe United States.

Water use data has been collected by the USGS \Watgrurces Division
starting in 1950 and has continued at five-yeasrirdls since. Since 1950, irrigation is
the greatest in all human use of fresh water ressyiand has increased greatly over time.
Compared to Western states such like Californe Sbutheastern states use very little
water for irrigation. Alabama, for example, it stienated that Alabama has lost close to
10 million acres of farming — a loss due in largetpgo the competitive advantage
enjoyed by federally-subsidized farm irrigatiorMifestern states, and lags far even
behind neighboring states (Langcuster 2004). Thst imdgation intensive of the 9 states
is Arkansas, which currently ranks ranks fourttthie@ United States in irrigated acreage,
with more than four million irrigated acres (Rolbnset al. 2002).

Figure 1. Irrigation Water Withdrawalsin the United Statesin 1990
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Statement of Problem

Appropriate irrigation technology increases agtiatal production growth and
therefore income for adopting producers, and hehoeld have positive impacts in
poverty alleviation. However, because of unequsiritiution of access to land and water,
irrigation may play an undesirable role on incorgrdbution, and hence worsen the
problem of inequality in rural areas.

Some argued that irrigation development in vari@ggons tends to convert
marginal and poor farmers into landless laborefa(@bers 1988), but relatively little
theoretical or empirical efforts have been mad&twoly the effects of irrigation on
inequality. The absence of research might be dtreSthe complicated nature of the
linkages between irrigation and inequality (Huahgle2005) which involves the fact
that irrigation often is often associated with turauseholds that reside in relatively
favorable areas (David and Otsuka 1994). Evenfrésearchers who made such efforts,
most of the studies used household-level (Huamd @005) and state-level (Sampath
1992) data to examine the association betweeratroig and inequality, but very few
studies use smaller geographic units, such as pwitan areas, counties, or census
tracts.

In order to understand why irrigation, if possibitegy have undesirable effects on
income distribution and poverty status of a certamion, a set of questions should be
clarified before the whole research begins:

1. Some scholars argued that although industr@bzgiculture is one of the 20
greatest engineering achievements of the 20th ge(flational Academy of Engineering,

2006). It may exacerbate inequality in rural incadisgribution rather than alleviate it. So
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the question is, whether irrigation, as one ofrtiest important aspects of agricultural
technology and engineering in arid areas and @etacale farms, should be considered
as a representative of modern industrialized afjuziand whether it should be
responsible for income inequality in rural regions.

2. The second question has to do with the datacesuReadily available and
widely used data include Census of Agriculture d@ng. Geological Survey (USGS). The
Census of Agriculture is the primary data sourgestatistics related to agricultural
activities in the United States. After 1950, then€&s of Agriculture was completely
separate from the Decennial Census, and is nowsbglol every five years, in years
ending in "2" and "7." The United States Geologfsatvey was established on March 3,
1879. As stated in their mission statement, the §S$&rves the Nation by providing
reliable scientific information to describe and arstand the Earth”. Now USGS has
become a leader in the national sciences. Howbeeguse of differences in data
collection and scientific focuses, their data anmewhat inconsistent with the USDA
irrigation during the same period of times. | vidke a closer look to these differences in
the following chapters.

3. One of the most important components of reseiartthchoose the right unit of
analysis. Since farms are generally run on theshzEfdiamily labor, and household is the
one that fulfils an import role to provide livelibd for its members, further, income is
usually analyzed using the unit of family, manyds#s use household as their unit of
analysis to explore the relations between irrigagad income. However, household
level data are highly inconsistent and hence hardle out all other explanations of the
issue. On the other hand, other studies prefeseédiigger geographic aggregates such as
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state and country level data, such as the stuégoity Imapcts of Irrigation

Development by Sampath (1992). But very few studssssmaller geographic units,

such as metropolitan areas, counties, and cerestts.tAs mentioned above, county is
our aggregate unit of analysis. We use county-lda& not use because such data are
most readily available, but also because countiegigee comprehensive coverage,
spanning both metropolitan and nonmetropolitangdgt.obao et al. 1999). Further,
because counties are smaller than nation andlstetleunits, they are less heterogeneous
in general, and less likely to obscure the true@asion between irrigation and income
inequality.

But care should be taken with using county-levéadecause it contains inherent
pitfalls: the data in broader level of analysis may be useful to make inferences to
lower level of analysis (communities and houseRolaisthis study, we readily
acknowledge that these data are not useful to makelusions within specific
communities or households. Rather, the study ptesebroader picture of the effects of
irrigation on inequality in the Southeastern Unig&dte which focuses on the term of “on
average”.

Significance of Study

This study contributes to the understanding hoigation influence a region’s
poverty status and income distribution in Southeast).S. agricultural counties.
Contrasted with those desert-irrigated agricultnreestern U.S. states such as
California, the counties under study use relatittke lwater in irrigation despite of their
readily available suffice fresh water resourcesb@ima, for example, ranks near the
bottom in the amount of land being irrigated (Bingiham Business Journal, 2006). On

8



the other hand, western irrigated agriculturejamtity the subsidized water projects
primarily in California and over-pumping of groungter in the High Plains, avoided
crop losses due to drought. This increased effagielmove down agricultural prices so
that in a slow painful decline, farmers in the Baste driven out of business because
they couldn’t compete with the sustained yielddpiaed in the West (McNider et al.
2003).

Agriculture is a pervasive problem, especially astern states which under-
utilize their land and water resources but at Hraestime suffer great economic and
social losses due to abnormal dry weather. Scholdhe east believe that it is the time
for eastern states to fully and seriously considigation as an effective assistant for
traditional rain-fed agriculture, and determine fixasibility of large-scale irrigation in
the states under study. Therefore, any informatiancould aid in full understanding of
effects of increased irrigation on economic anda@spects should be readily
applicable.

Objectives

This study focuses on the irrigation intensity,iagftural status, poverty and
income inequality in 756 counties in the Southéhsted States. The overall objective of
the study is to analyze the potential effects mfation on rural income and equality and
the social feasibility of large-scale irrigationtire Southeast U.S. counties. Irrigation
intensity is measured both in acres of irrigatedhfand and estimated ground and
surface water withdraws. Poverty is measured omd@ty basis and inequality is

determined by the Gini coefficient. Educationafeliénce and population structure are



also included to consider the non-spurious relatigmbetween irrigation intensity and
income inequality and to rule out other explanation

The fundamental task and method is to determineffieets of irrigation intensity
on rural income distribution using regression mo8elveral basic steps are used to
accomplish this goal:

First, descriptive statistics are used to find aerall pattern of both irrigation
intensity and income distribution, to test outljeasd to deal with missing data.
Descriptive statistics provide a general understandf what our data are like and
provides simple summaries about the sample anduresadn my study, | choose three
of the most commonly used descriptive statistits:rhean, the standard deviation, and
the range. The mean, as a very informative measuhes "central tendency" of the
variables under study, is simply the arithmeticrage of the values in the set. Standard
deviation is the square root of the variance, wisde sum of squared differences
between the values and the mean. We use standadadiole to measure the “spread” of
the variables, to see how far the data pointsrara the mean. The range is another
commonly used statistic to measure variations @idda, and it simply indicates the
difference between the largest number and the sstalhe in the data set.

Second, a factor analysis is necessary not onlgusecit can make the analysis
process more straightforward but also provide tebehderstanding of the correlation
between irrigation and inequality. In order to po®v/a ‘complete’ measure of irrigation
we introduced more than ten variables from both 8$@d NASS irrigation data sets.
However, perhaps the only flaw of this measureihdss comprehensiveness: too many
variables increase the complexity of data dedudimh analysis; further, the individual
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variables which cannot explain much of the variandeey independent variables may
increase the risk of establishing a spurious m@hstiip that we are interested. Factor
analysis is used to study the pattern of the maplaeatory variables and the factor
scores are saved as variables the main indepewvaleailes for further analysis.

Third, it comes to the analysis of the correlati@ween irrigation and poverty
rate. Here we use these factor scores (they aeslss/variables during the factor
analysis process) instead of the original variatwedo the regression analysis. Before the
whole regression analysis started, a test of Mulltreearity is performed between the
explanatory variables. In the presence of multicedrity, the estimate of one variable's
impact on the dependent variable while controlfimgthe others tends to be less precise
than if predictors were uncorrelated with one aap{Wan den Poel Dirk 2004). In some
cases, if different explanatory variables tend &asure the same issue, or some variables
are highly correlated with each other, they areineldnt, and then multicollinearity
occurs. In order to provide a more precise undedstg about the true relationship of
interest, the problem of multicollinearity shoule kesolved before we move on.

Fourth, control variables are introduced into thalgsis and two-model
regression analysis is used to rule out all otkpltamations and to find the non-spurious
relationship between irrigation intensity and in@mequality. It is well accepted that
population structure such as race or age and edlyesiucational status of a specific
area has significant impacts on the region’s povagdtus and income distribution. Hence,
we introduce those variables and other cross-cadiffgrence as our control variables in

order to rule out their potential effects on tegtine hypothesis we are interested.
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The next chapter develops a conceptual framewatkathticipates a set of

hypotheses linking irrigation intensity to ruralvgoty and income inequality.

12



CHAPTER 2
CONCEPTUAL FRAMEWORK
This chapter addresses the history and developof@migation, how it is
measured, the theories and measurements of parattinequality and how they are
related to irrigation scales and intensity. Theadmpacts of large-scale irrigation are
examined in the context of industrialized agrictdtin western developed countries. This
chapter also addresses the adoption of technofoggigation development, its market
infrastructure, the great agriculture transitiotiss. beginning in the 1950s, and the
hypothesized relationship between industrializeticajure and rural income distribution.
Further, since irrigation is not the only deternminaf rural poverty and income
inequality, reasons that leads to our hypothesiz#dome beyond irrigation are also
introduced and examined.
Per spectiveson Irrigation Development
Water Supply and Market Infrastructure
Water is a critical component for the survival ottohuman and ecological
systems, and takes an important role in econonda@ereational activities. Neither
plants nor animals can survive long without it, avater is used in virtually everything
we make and do (Frederick 2004). Hence, freshveaigply is a crucial issue for any
civilization. In the following paragraphs | discussgation water supply and

infrastructure in the United States.

13



Because of the United States' large size and vaidger of geographic features,
nearly every type of climate is represented. Thaate is relatively humid in the east,
semiarid in the Great Plains, desert in the Soushvead arid in the Great Basin (the
World Fact book, 2001). The United States' avedsgly precipitation equals 4.2 trillion
gallons (Reshkin, 1998), but there are still watarrtages because of unequally
distributed precipitation in the States and inargas/ater demand. Further, uncertainty
of water supply due to timing, location and relldj increasing costs to develop
additional water supply system, the vulnerabilityie resources and the problems of
restoring and protecting valued surface and groatelwresources, the importance of
reliable supplies of high-quality water for humardanvironmental health and economic
development are vital concerns. The shortcomingsiofnstitutions for allocating scarce
supplies in response to changing supply and demanditions has made water supply
issue a critical one to the country’s developmé&nederick 2004).

Meeting the increasing demand by traditional strradtsupply augmentation is
dogged by increasing environmental and fiscal c#tsvitt and Hansen 2005). The
coincidence of high water demand is largely metdayservation and reallocation of
existing supplies. Water trading, which includethisale and lease water rights clearly
plays an indispensable role in stimulating cons@maand reallocating supplies.
However, because of its special physical charatiesi trading of water is not the same
as other goods or services. Uncertainty of bothadehand supply is a fundamental
factor that determines whether and how water mat&e¢lops. There is tremendous
variation of rainfall across space and time, andhenother hand, demand and supply
peaks do not always coincide within the water yewitt and Hansen 2005). To solve

14



the uncertainty, water transportation and storaggepts are constructed to convey water
largely at public expenses, so water markets are wheveloped in areas where federal
and state have invested resources to create iiessilguch as the western states in U.S. It
is unrealistic to expect the water users to replapa@ development costs of irrigation
projects in many cases (Hargreaves et al. 1998 8@ Southeastern nine states of
interest where lack federal or state investmentigation, water projects are not as
developed because water transfers require signtfimasts, in term of both institutional
and transporting costs. Federal water projecteerSioutheast tend to focus in
transportation and relocation, not supply.

Even irrigators are not expected to pay all theettggment costs, in most water
projects at least part of operation and maintenansts are paid through water user fees,
and “the maturity of an irrigation project is refted by the proportion of operational and
maintenance costs that is borne by the irrigatemselves” (Hargreaves et al. 1998).

Adoption of Technology

Some expected that the world population to exc@elillion people by the year
2050 (Brown et al. 1997). Expanding population wélise severe stress on water
resources, the environment, and on the abilitygoicalture to provide sufficient food.
Such capacity, since the latter part of th® 26ntury, has expanded “due to the
development and adoption of new technologies, rdtiz the expansion of cultivated
land” (IPCC. 1996). It is realistic to anticipat&t irrigation technology will continue to
play a crucial role in agricultural activities imet future.

Various types of irrigation techniques are adopbegrovide the right amount of
water each plant needs. They differ in how the mal¢ained from the sources and how

15



it is distributed. Surface irrigation, includingrfaw, borderstrip or basin irrigation, is the
process to move water over and across the landrplesgravity flow in order to wet it
and to infiltrate into the soil (Britannica 199&yip irrigation (also known as trickle
irrigation), is a system that water is deliverediyartose to the root zone of plants, and
drop by drop. This irrigation method is highly efént since both evaporation and runoff
are minimized (Britannica 1994). In sprinkler oreolvead irrigation, water is piped to
one or more central locations within the field astributed by overhead high-pressure
sprinklers or guns. Center pivot irrigation is anfioof sprinkler irrigation consisting of
several segments of pipe (usually galvanized stegluminum) joined together and
supported by trusses, mounted on wheeled towehssprinklers positioned along its
length (Britannica 1994). Lateral move (side ralheel line) irrigation is a system that a
series of pipes, each with a wheel of about 1.5amédter permanently affixed to its
midpoint and sprinklers along its length, are cedpbgether at one edge of a field.
Water is supplied at one end using a large hose&(Brica 1994).

Improved irrigation technology, especially dripgation, is able to make the
plant use a greater proportion of the total amofimtater applied, and conserve water
with less loss than traditional gravity irrigatidvioreover, with the reduced water use,
irrigation-related energy costs are significandguced, too (Negri and Brooks 1990).

The United States has approximate 20 million itegahectares, of which about
60% is irrigated by gravity or surface methodsrgwrs, basins, and borders), and around

30% is sprinkler (Hargreaves et al. 1998).
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Industrialized Agriculture

It is estimated that 80% of the world’s food is\yad®d by industrialized
agriculture and 20% by subsistence agriculturel@R2005). Industrialized agriculture
system used in the United States and in otherm=afaoe relatively new compared to
traditional agriculture, coming after World War lindustrialized agriculture, (or high-
input agriculture), as the contrast to traditioagiiculture (or low-input agriculture),
means an agricultural method using large amoufdssil fuel energy, water, commercial
fertilizers, and pesticides to produce single cr@psnocultures) or livestock animals
(Miller 2005). The purpose of production is for cmercial sale other than individual
consumption. The vast majority of labor in thisiagitural system is provided by
machines to replace human workers. On the othet,harge-scale storage facilities and
refrigeration allow some crops to be stores foryeamd so mitigate fluctuations in
productivity due to drought or other calamity. Angolex transportation and trade system
allows there crops to be moved around the worlt \itife difficulty (Sutton and
Anderson 2004).

Industrialized agriculture is well known for itggh productivity; however, it has
a lot of undesirable impacts on the environmenhsswater pollution and soill
degradation. Chemical fertilizers, pesticides, harbicides applied to increase
productivity pollutes water and soil and may kilo& of other plants and animals, and
hence results in the loss of biodiversity. In tungustrialized agricultural systems may

produce animal welfare problems, environmental lgrols such as management of waste,
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groundwater overdraft, and contamination, and corscabout the safety of food (Rollin
1995).

Concerns about the social impacts of industrialegdculture have emerged in
recent years, too. It is well acknowledged that Hyistem has led to the demise of small
farmers, since they are not able to effectively peta with large commercial farmers.
Small farmers who do not have enough resourceddptanew technology may have to
leave farming. Other social impacts of industriadiagriculture include “the loss of jobs,
the further disadvantaging of women economicalth&y do not have access to the use
and benefits of the new technology, the increaspegialization of livelihoods, the
growing gap between the well-off and the poor, #dredcooption of village institutions by

the state” (Pretty 1995)

Model of Irrigation Impact and Inequality
Irrigation Adoption

In common parlance, irrigation maybe defined asg ‘dpplication of water to land
by artificial means for the rising of crops andetbroducts of the soil” (Long 1916).
This definition emphasize the watering of land bytificial means”, not by rainfall,
although “possibly the cultivation of land by mearfisvater naturally moistening and
rendering it productive by natural overflow may ambto a valid appropriation of such
water” (Long 1916). In most cases, irrigation i$ aagnatter of necessity, since there are
some crops can be grown by the aid of rainfall @lewen in arid regions. However, even
if irrigation is not a necessity, it is “everywheskvalue, because it's magic brings into
full fruition all of the attractions with which th®tate is so generally endowed” (Mead

1901).
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Irrigation projects and technologies have been logeel to effectively manage
water resources to help increase crop productiVitg performance of the technologies
generally depends on crop requirements, soil arathee conditions, etc. But decisions
whether and how to irrigate, on the other hand,hsiman factor. In the analysis of
adoption of agricultural production in Central Nagka River Basins, the Mississippi
Embayment, the Snake River Basin, the South Ge@Qugéstal Plain, and the Southern
High Plains, Margriet Casell and her colleague®12@ointed out that producer
characteristics are very important determinanisrigfation adoption level. Farmers with
at least some college education are more likegdtapt irrigation practice. Moreover,
years of farming experience and land ownershi@aks@ positively and significantly
related to the use of irrigation (Casell et al. PO@hether or not a producer had crop
insurance did not have impacts on irrigation adwptand the effects of farm size on
irrigation adoption differed greatly by reason (€ast al. 2001). Other producer factors
that may influence irrigation adoption in her studgluded: crop rotations (positively
related except in the Central Nebraska and Snaker Basins), and participation in a
federal commodity program (positively related).

Besides human factors, Casell and her colleaggessaidied the effects of
natural resources endowments of the field may loavierigation adoption. Their
research results in the above mentioned regionseshthat soil productivity and soil
erosion due to rainfall had no influence in irrigatdecision, but most other natural
factors under analysis played significant roleroigation adoption decision. It is not
surprised the most important natural factors iredeining the use of irrigation under
their study was climate variables. Generally, poasis in regions with low average
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rainfall and high average temperatures were mkslylito irrigate. The slope of the field,
on the other hand, has negative effects on irogadidoption. It means that the greater the
slop of the field, the less likely a producer woultihate. However, in regions where
irrigation was mostly sprinkler systems, the slopéhe field seemed have no effects on
irrigation adoption (Cussell et al. 2001).

Rural Poverty

Poverty is a difficult question from both a methtwdpcal and a theoretical point
of view (Mingione 1996). It is not confined to ledsveloped countries, and it affects
both individuals and collective groups. Generdflgyerty means “deprivation, a denial
of access to those things which a person beliegesssary for their life to be worth
living: not only food, shelter and safe drinkingtesa but also education, and the
opportunity to engage with other human beings feoposition of dignity” (The World
Bank 2007).

Rural poverty is a highly complex term in the @xttof relatively affluent
countries such as Britain and the United Statetb@drne 2004). Rural places face
increasing economic adversity since the early 1@®@srural people face declining
opportunities (Duncan 1992). Rural poverty is asf@ent problem in both developed and
developing countries and scholars have been warkddis issue for decades. In
“Empowerment and Rural Poverty”, Steve Suitts esgddhe potential for developing
strategies that empower the rural poor by incregthiair direct control over economic
and political institutions. In “Policies to Allevia Rural Poverty”, Greenstein and Shapiro

take a pragmatic look at national policies aboutkig, two-parent, elderly rural
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families. What they recommend is a policy that daalise income in working poor
families without diminishing work incentive (Duncafg92).

Although there is no known pinpoint to what actyaluses poverty, it is well
established that age, race, education and othetdndl or social factors all have
impacts on poverty. In 1960s researchers pointéa pattern of growth in female-
headed households among this population that wed tio poverty and to indicators of
social disorganizations (Moynihan 1965; Clark 19&)n and Wilson (1987), on the
other hand, focused on general social patterns asieltconomic conditions when try to
explain poverty and marginalization. Most reseasdiead to use household as their unit
of analysis when study poverty, social exclusioamti-poverty program. Household
surveys are a flexible instrument for gauging ficiahwelfare, as they allow us to assign
a household and a group of dependents to eachdodiMcGinnity 2004). However,
there is a continuing controversy in environmeatal social justice literature regarding
unit of analysis (Lester et al. 2001). Some argpa¢ $mall units are preferable (Anderton
1996; Bowen et al. 1995). Others argue that ité$guable to create area units that
preserve intra-area homogeneity for the variablesterest (Haining 1990).

Rural poverty is usually measured in terms of tfegprtion and the absolute
number of rural populations living in deprivationtzelow the poverty threshold or
poverty line. The poverty threshold is the minimiavel of income deemed necessary to
achieve an adequate standard of living (Ray 1398)vever, we have to keep in mind
that the use of a single poverty line for a regioder study as a whole conceals: (1). The
degree of inequality in the distribution of incomsonsumption among the poor; (2). The
occupational categories of the poor as hired aljuial workers, share croppers, very
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small holders of land or livestock, nomads, artisimerman, forestry workers, female
heads of household, etc; and (3) the age and segpastion of the members of poor

households (Ghonemy 1990).

Inequality

The problem of distribution is one of the most caehissues in both economic and
social affaires in each civilization, and it hagbevidely studied in recent literatures.
Economic inequality refers to disparities in thstdbution of economic assets and
income (Bourguignon 1998). An essential prelimin@argny inequality study is
“clarification of the nature of the distribution be analyzed to ensure that it represents
the appropriate concept of economic power and dodsr each constituent unit”
(Osberg 1991).

There is no single cause of inequality within tbeisty. Actually the reasons of
unequal distribution of income are multiplier, cdeyy and often inter-related. Well
established factors that may have impacts on iniggureclude: race, gender, culture,
labor market, development patterns and individuefgrences such as enjoying more
income or leisure, willingness to take risks anssdLambert 2002).

Commonly used statistical or summary measuresarfgraic inequality include:
the range, the relative mean deviation, the vadatie coefficient of variation, the
standard deviation of the logarithms, and the Gagfficient (Temkin 1993). These
measures have been adequately discussed and edaluaconomic literatures, and they
all have well-known difficulties in explaining inaglity in some cases. For example, the

range measured by the result of maximum minus themwam divided by society’s
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average level of welfare completely ignores thegpatof distribution, and Gini
coefficient is criticized to be implausible for cparing situations whose average levels
differ greatly (Sen 1973; Temkin 1993). Actuallyeey measure may loose plausibility
when applied to a particular situation.

Impacts of Irrigation Development on Income and éttyw

In the United States, more than 400 billion gallohgvater are withdrawn per day
from ground and surface waters, and agricultuteadargest water user due to irrigation
that accounts for 137 billion gallons out of thé46tal (Hurson 2004). Agricultural
water management contributes to the productiorgo€altural outputs, which in turn
contribute to livelihoods through food and nutnitidealth, income, and employment
(Molden 2007). The impacts of irrigation on botloeemic and social impacts have been
widely studied. Since irrigation development forgesr-sectoral and inter-regional
linkages through output growth and income flowgitsployment and income impacts
have powerful multiplier effects (World Bank 199lyigation has multiplier benefits on
economy through increased agricultural productjuitgluding poverty alleviation,
increased productivity, promotion of local agroexptises, and stimulation of the
agriculture sector as a whole (Molden 2007; Liteltfiand Faures 2003; Huang et al.
2006).

Irrigation has historically had a large positivepaat on poverty reduction
(Hussain 2005; Lipton et al. 2003). Irrigation elestpeople to improve crop productivity,
grow high-value crops, generate higher income andyce employment opportunities at
a higher implicit wage rate (World Bank 2006). Tgor populations who are affected
by irrigation development include the irrigated gwoers themselves, poor rural laborers,

23



poor net feed purchasers in rural areas, and thenysoor (Lipton et al. 2005). Besides
immediate economic benefits, irrigation developnmadsb has long-term effects on the
poor population through a multiplier effect thatlwrive an increase in nonfarm rural
output and employment as the level of rural spemndses (Word Bank 2006).

However, in Molden’s studies, he pointed out thatle/“agriculture water
management and development play an important pg@averty reduction, they cannot
banish poverty alone. Also needed are complementaegtments in education, health,
rural infrastructure, capacity building, and sugiwerinstitutions, together with pro-poor,
pro-gender research on low-cost and gender-swetdthoblogies, crop research advances,
and improved agronomic and water management pescgind related dimensions of

social exclusion, equity, and empowerment.”

Impacts of Irrigation on Economic Inequality

As a major part of technological transformatioragriculture, irrigation saved
millions from starvation in human history. Howeverany studies today criticize that
irrigation may have some side effects in sociesides the well-established
environmental problems (Oosterbaan 1988). Oneeofrtbst critical social issues is
inequality, since the benefits of irrigation prdgare not shared equitably. Such debate
focused on tow distributional issues: the firghis disparity of benefits for farmers
within the command area and those outside ofét;srond is the distribution of water
access for farmers within the command area (AsahérHealy 1990). It is not realistic to

expect that irrigation projects are able to bringcsely the same amount of water or
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product benefits to all farmers, so even some nmashes and policies are designed to
help to reduce inequality, some degrees of inetyustiil remain.

Irrigation generally increases agricultural prodkitt, which often brings more
abundant, less expensive food. So at least sortte gfoor population live within or
close to the command area will be better off sihey are able to afford more food or
other goods and services related to the agricullpmoaluction. According to Engel’s law,
the poor usually spend a higher proportion of tdeipensable income on food than the
rich, hence poor people gain more benefits frorgatron development. However,
development of irrigation projects may increasedbmpetitiveness of some farmers
while reduce that of others, so the small farmdrs are unable to compete with large
commercial farmers may be forced to leave the scene

On the other hand, structure of asset ownershiprad areas has impacts on
agricultural water management too (Cuffaro 2001yefy unequal distribution in land
ownership, for instance, may influence the collexfiction in irrigation. Inequality in
land ownership implies: large landowners who walirga large share of irrigation
benefits have a strong incentive to contributeditective action; small farmers’
incentive may be tiny, encouraging free-riding (@us 2001). In general, inequality
reduces the probability of success action in itraya(Bardhan 1993; Bardhan and
Ghatak 1999). Moreover, construction of irrigatfmojects may increase access to water

for upstream users at the expense of downstrears (Biedsall et al. 2001).
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CHAPTER 3
METHODS
This chapter outlines the methods in this resedrohre are three main parts in
this chapter, the first part consists of samplea@atd collection, the second section is the
explanations of dependent and independent variabley study, and the last part has to
do with the analysis strategy in this study. Gellyeecademic research on the impacts of
irrigation falls into two categories, using eittieme-series” or “cross-sectional” data.
Time-series data deal with one particular area sisch city, county, state, over many
year; cross-sectional data look across many dittegeographic areas within the same
year. This study uses cross-county data to adthes®lationship between irrigation and
poverty rate and income inequality.
Data and Unit of Analysis
As mentioned above, county is our aggregate drahalysis. This study uses
data from secondary sources including United Staggsartment of Agriculture (USDA)
and United States Geological Survey (USGS), fogueim9 states including Alabama,
Arkansas, Florida, Georgia, Louisiana, Mississipjmrth Carolina, South Carolina, and
Tennessee, comprising 756 counties in the Southkard States. We focus on the
estimated irrigation data for the year 2000. ThdW3National Agricultural Statistics
Service (NASS) conduct the Census of Agriculturergyive years. Here, we examine

the 2002 and 1997 data which are reported in THblef the 2002 Agricultural Census.
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We focus on these 756 counties because they ate/edy homogenous in size and
encompass a distinct asroclimatic and cultural aféhe United States. We use county-
level data not use because they are most readiiiadle, but also because counties
provide comprehensive coverage, spanning both paitan and nonmetropolitan
places (Lobao et al. 1999). Further, because cegiate smaller than nation and state
level units, they are less heterogeneous in geramdlless likely to obscure the true
association between irrigation and income ineqyalit

But care should be taken with using county-levéhdigecause it contains inherent
pitfalls: the data in broader level of analysis may be useful to make inferences to
lower level of analysis (communities and houseRolaisthis study, we readily
acknowledge that these data are not useful to makelusions within specific
communities or households; rather, the study ptesehig picture on the effects of
irrigation on inequality in the Southeastern Unig&tdte which focuses on the term of “on
average”.

Dependent and Explanatory Variables

In this section, we describe the dependent ancheapbry variables used in this
study. | use the same explanatory variables toemddheir effects on the two dependent
variables. The explanatory variables consist of tm&n independent variables: irrigation
intensity and irrigation scale, which are drawmirtwo different datasets.

Dependent Variable: Poverty Rate and Income Inégual
The main focus of my study is to understand theuadl impacts of irrigation

development on rural poverty and income distributiothe southeast United States.
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Consequently, my dependent variables consist ofasp®cts: poverty rate and income
inequality at the cross-county level.

The poverty rate in the Southeast United Stataditde higher than other parts of
the United States. Approximately 12.7% of the tptgbulation was below the official
poverty thresholds in the same year (Wikipedia 20Génerally speaking, population
under age 18 constitutes a group with higher pgveate than other age groups. The
average poverty rate of people under age 18 oétbelected counties 24.0% with a
standard deviation of 6.78%, while the poverty fatechildren under age 18 nationwide
in 2004 is only 17.8% (wikipedia 2007).

Every country or region has a national or regioname, which is divided
among those individuals who actually earned a sbfiteIn a perfectly equal society,
each percentage of the population earns exactlgahe portion of the national or
regional income. In an unequal society, some gasulation earns more income than
others. Commonly used methods to measure incong@athey include: the Gini
Coefficient, Theil-Bourguignon Index, Theil Entropydex and Wolfson Index. Here we
choose the Gini Coefficient as the measure of ircoraquality. Gini coefficient ranges
from 0, which means no inequality, to 1, which es@nts perfect inequality. The
advantages of using this indicator are severast Firis a measure of inequality by means
of a ratio analysis, rather than a variable unsgmtative of most of the population, such
as per capita income or gross domestic productif&eka 2007). Second, the Gini
coefficient is more sensitive to the middle of dizition and performs well in tapping

contemporary inequality (Allison 1978).
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Income inequality has increased since 1960s (Detid?), while income
increased among all demographics (Bartles 2004)yfiper-most earners saw
substantially larger increases (Johnston 200%.dstimated that income increased by
9% in 2005, with the mean for the top 1% incredsed4% and that for the bottom 90%
dropping slightly by 0.6 (Johnston 2007). Accordindsini coefficient data, income
inequality in the United States, already amonghiigbest in the post-industrial world
(CIA 2007), has risen considerably between 196728@% among households and
individuals (US Census Bureau 2006). The Gini indise by 20.3% from 34.0 in 1967
to 40.9 in 2005 (US Census Bureau 2006).

Independent Variables: County-level Irrigation Data

To assess the impacts of irrigation on income iBigtion, we use various county-
level measurements to delineate the varianceigation: number of farms under
irrigation, acres of farmland under irrigation, andst important, the percentage of
farmland that is irrigated. We use principle comgratrfactor analysis to identify
dimensions of variability based on NASS farm datd SGS water use data.

The National Agricultural Statistics Service (NAS8pvides the most complete
count of U.S. farms and ranches and the peopleopkaate them, and the Census of
Agriculture is taken every five years. The irrigatidatasets | use to address the social
impacts of irrigation development on rural commiasitare prepared under the direction
of the U.S. Department of Agriculture (USDA) andtidaal Agricultural Statistics
Service (NASS) (Joseph 2004). The irrigation dB¥AYS county-level data Table 10)

collected detailed data for on-farm irrigation girees, and include farm numbers, farm
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sizes, acres irrigated by categories of land usels as harvested cropland, pastureland
etc., and acres irrigated and non-irrigated fareigaior each county in the United States.

The United States Geological Survey (USGS) is angific agency of the United
States Government (Eliperin 2006) which focusetherandscape of the United States
and its natural resources. The use of water ittineed States has been estimated by
USGS at 5-year intervals since 1950 (Huston 20D&g.data we use in this analysis
mainly focus on water-use categories such as graatdr withdrawal and surface water
withdrawal, public supply and self-supplied, andustrial and agricultural purpose
related withdrawal. The information is providedngsa county-based national model,
although study chiefs in each State have the omtigmmoducing independent county
estimates of water withdrawals for these categdHieston 2005).

Control Variables

In order to effectively assess the impacts of atiign, as an aspect of
industrialized agriculture, on income inequalitycounties, we control several sets of
other variables including cross-county farm differe. It is widely accepted that race
and education has significant effects on povertyahtypes of inequality, hence here we
introduce racial and educational structure varsble our control variables when test the
relationship between irrigation and poverty.

Analysis Strategy

To address the social impacts of irrigation at ¢puevel, the basic model is a
regression analysis between irrigation variabled poverty, and income inequality.
However, because our data come from two differeata dsources, a preliminary
descriptive analysis is necessary to acquire sask linderstandings of the difference in
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irrigation variables between the two datasets, arain dependent variables. Then it
follows a factor analysis to simplify and signifyetanalysis, and the factors are stored as
new independent variables to do the regressiorysisal

Simple Descriptive Analysis

To measure irrigation development in the nine stateour study, we use county-
level data obtained from both NASS irrigation dated USGS water withdrawals. The
756 counties in Southeast United States formedlectsed sample because they are
relatively homogenous in size and encompass adistisroclimatic and cultural area of
the United States. According to a preliminary dggisre analysis of the NASS irrigation
data, of the 756 counties, 92 counties (12.2% efstimple size) have irrigated land less
than 100 acres; approximately 50 percent of thes@tes have irrigated land less than
1000 acres; only 8 percent have irrigated land rtiwaia 50 thousand acres. The average
size of irrigated land in these counties is 14/&usand, with a standard deviation of
43.76 thousand.

The results mentioned above are slightly inconsisteth 2000 USGS irrigation
data, which we will explore in great detail in tfwlowing sections. According to this
dataset, the average size of irrigated land of7&& counties is 13.52 thousand, with a
standard deviation of 40.36 thousand acres. Tlgnisistence may due to the irrigation
difference of time periods (USGS irrigation dat®@0NASS irrigation data 2002), may
also have to do with the instruments and measinegwo national surveys used, and
other observational and experimental errors.

Another critical variable that reflects the irrigmat characteristics in the Southeast
United States is irrigation related water withdrdmw10.5% of the 756 counties, the

31



amount of irrigation water withdraw is close to@dfgal/d; 50 percent of the sample
have irrigation water withdraw less than 1 Mgaddly 20 percent have irrigation water
withdraw more than 10 Mal/d. The average amoumtrigfation water withdraw is 21.73
Mgal/d, with a standard deviation of 83.14 Mgal/d.

It is widely accepted that appropriate irrigati@nancrease crop yield and thus
household income, hence act effectively as powahtyiation. Southeast United States
have relatively less intensive irrigation than veestUnited States (desert-irrigated
agriculture), although we cannot draw a definiteatasion of the relationship between
irrigation and poverty rate before adequate dallecton and analysis, the poverty rate
in the Southeast United States is a little highantother parts of the United States. The
mean poverty rate of the 756 counties is 17.072004, with a standard deviation of
4.95%, while approximately 12.7% of the total p@ian was below the official poverty
thresholds in the same year (Wikipedia 2007). Galyespeaking, population under age
18 constitutes a group with higher poverty ratentbner age groups. The average
poverty rate of people under age 18 of these sslemunties 24.0% with a standard
deviation of 6.78%, while the poverty rate for dnédn under age 18 nationwide in 2004
is only 17.8% (wikipedia 2007).

Factor Analysis

In order to provide a ‘complete’ measure of irrigatwe introduced more than
ten variables from both USGS and NASS irrigatiotadaets. However, perhaps the only
flaw of this measure lies in its inclusiveness: moany variables increase the complexity
of data deduction and analysis; further, the irdiral variables which cannot explain
much of the variance in key independent variablag imcrease the risk of establishing a
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spurious relationship that we are interested. Hemdactor analysis is necessary not only
because it can make the analysis process morghfaaivard but also provide a better
understanding of the correlation between irrigagod inequality.

According to Thurstone (1947), the purpose of faattalysis methods is to
“identify the principle dimensions or categorie$’tloe variables under study. More
specifically, factor analysis is recognized as amgrtio summarize interrelationships
among variables in a concise manner as an aidnoegualization (Gorsuch 1974). It is
a statistical method used to explain variabilityozg observed random variables in terms
of fewer unobserved random variables called faq®heppard 1996). The advantages of
using factor analysis is the reduction of numbevasfables, by combining two or more
variables into a single factor, and the identifmatof groups of inter-related variables to
see how they are related to each other (Tucker)1993

Regression Model

Then it comes to the analysis of the correlatiomvben irrigation and poverty
rate. Regression analysis is a statistical toan@yze the relationships between variables,
and especially, to investigate whether there igusal correlation between the variables
of interest. Further, regression analysis provalesy to access the “statistical
significance” of the estimated relationships, tlsathe degree of confidence that the true
relationship is close to the estimated relationgBiykes 2001). Here we use these factor
scores (they are saved as variables during therfantlysis process) instead of the
original variables to do the regression analysis.

Since our main independent variables come fromdifferent data sets, which
are slightly inconsistent, in order not to conftise correlations, we will use regression
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model to do the analysis separately. For each sisalye have two models, the first one
is called “simply regression analysis”, which omgludes the main independent
variables and dependent variables (called Mode)@Qhe second analysis is a
multivariate analysis, which include control vatebthat are well known for their effects
on rural poverty and income inequality (Model Twblhe equation for the second model

is: Y = 0o + 01Xy + o Xo 4+ + FpXp + € wherep, stands for the intersect
of the hypothesized line, means the main independent variableeans the error
which is not dependent on the selected sample.uBedhe Model Two takes control
variables into consideration, hence herefthi B¢ are not zero (one main independent
variable and five control variables that may hagaificant impacts on poverty rate).
Then we perform a linear regression analysis toesddour hypothesis about whether or
not irrigation has statistically significant impaan poverty rate in the selected 756
counties under study.

The reason why we introduce control variables sedaon a painful fact for
investigators: the dependent variables are usa#fibgted by a variety of factors in
addition to the ones we are interested. A multiptression allows additional factors to
enter the analysis, and to estimate the effecesiofi variable on the dependent variable
under study. By introducing control variable inrégression analysis, we are able to
reduce the errors may occur, and able to understenmd accurately which variable is
dominate in affecting the dependent variable, ahdther irrigation has statistically
significant impacts on poverty rate and income uzidy.

However, introducing the control variables incretieerisks of inducing

“multicollinearity” in the population, that is, thatroduced control variables may
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correlated with some of the independent varialdesome extent (Wooldridge 2004), and
makes the analysis of effects of the independemdbias more difficult. By definition, if
two or more independent variables have a high @egfreorrelation (either positive or
negative), the issue of multicollinearity arises.sblve the problem, have to do
regression diogoze to examine the multicollineaaityong the independent variables

before we finally decide which variables shouldrbelved to do the regression model.
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CHAPTER 4
RESULTSAND FINDINGS

In this chapter hypotheses are tested and reseliscussed. First, descriptive
analyses are used to provide a general understpotiall the variables of interest.
Second, irrigation intensity and scale are sumredrlzy factor loadings analysis, and the
factor scores are saved as the main independaables. Then multicollinearity among
explanatory variables is examined by cross-tabrdatof all the main independent
variables and control variables. In the last sectve perform two regression models to
test our hypothesized relationships between inegand poverty rate and income
inequality.

Descriptive Analysis

Table 1 provides a snapshot of not only the keyddpnt and independent
variables, but also illustrates other variable$ thay have impacts on poverty rate and
inequality and should be controlled. It is widebcapted that race and education has
significant effects on poverty and all types ofguoality, hence here we introduce racial
and educational structure variables as our comtnodbles when test the relationship
between irrigation and poverty. From table 1, we s@e that the average percentage of
white population of the 756 counties is 0.72, veitstandard deviation of 0.19. The
average percent of persons with less than higha@h@000 is 28.96, with a standard

deviation of 7.34. In order to understand povertyarclearly, we introduced a standard
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measure: median household income because it lsgidy influenced by extreme
incomes compared with mean household income. Taémge median household income
is 34,113 dollars, with a standard deviation 063, dollars.

Table 1. Descriptive Statisticsfor Irrigation Variablesfor 756 Southeast U.S.
Counties, USGS 2000 and Census of Agriculture 2002 And 1997

Variable Mean Standard Range
Deviation
USGS Variables
Irrigation, acres, sprinkler in thousands 485 10.55 78.45
Irrigation acres micro irrigation in thousands 8.0 6.65 80.56
Irrigation acres surface flood in thousands 8.65 36.71 404.22
Irrigation total acres in thousands 1455 43.76 446.85
Irrigation groundwater withdraws in mgal/d 15.54 57.40 616.45
Irrigation surface fresh water withdraws in
mgal/d 6.19 43.01 957.00
Irrigation total withdraws in mgal/d 21.73 83.14 112454
NASS Variables
Farms number, 2002 58 118 1,680
Farms numbers 1997 56 124 1,587
Land in irrigated farms acres, 2002 32,335 66,015 506,470
Land in irrigated farms acres, 1997 32,718 69,598 546,803
Irrigated landacres, 2002 13,521 40,345 418,452
Irrigated land1997 13405.37 39,943 417,803
Control Variables
percent of white population 0.72 0.19 0.86
percent of black population 0.25 0.19 0.86
Percent of persons with less than high school,
2000 28.96 7.34 39.10
Percent of persons with a college degree ( at
least a 4 year degree), 2000 14.07 6.78 46.10
Unemployment Rate 2000 4.81 1.50 11.30
Unemployment Rate 2004 6.16 1.85 11.10
Dependent Variables
Median Family Income (2004) 34,113 7,753 60,010
Poverty Percent All Ages 17.07 4.95 30.7
Gini Cofficient 0.40 0.04 0.28
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Factor Analysis

The results of principle component analysis of sewdgation variables show

that only one factor has an eigenvalue greater thao only one factor is extracted from

the analysis. Table 2 provides factor loadingsU&GS irrigation and water withdrawal

data of the selected counties in southeastern ¢bhties in 2000. Similarly, only one

factor is extracted from the factor analysis of tHWASS irrigation data, and Table 3

provides factor loadings for NASS irrigated farmes; southeastern U.S. counties, 1997-

2002.

Table 2. Factor Loadingsfor USGS Water Withdrawal Data, Southeastern U.S.

Counties 2000

Component

1
Irrigation total acres in thousands 0.987
Irrigation total withdraws in mgal/d 0.976
Irrigation acres surface flood in thousands 0.956
Irrigation groundwater withdraws in mgal/d 0.897
Irrigation surface fresh water withdraws in mgal/d 0.690
Irrigation, acres, sprinkler in thousands 0.634
Eigenvalue 4.523
Explained variance 75.383

Extraction Method: Principal Component Analysis.

a. 1 components extracted.
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Table 3. Factor Loadings for NASS Irrigated Farm Acres, Southeastern U.S.
Counties, 1997-2002

Component
1

Land in irrigated farms acres, 1997 0.985
Irrigated land acres, 2002 0.983
Irrigated land acres, 1997 0.981
Land in irrigated farms acres, 2002 0.973
Variance explained 96.137
Eignevalue 3.845

Extraction Method: Principal Component Analysis.

a. 1 components extracted.

Test for Multicollinearity
Multicollinearity refers to a statistical phenomenbat two or more independent

variables in a multiple regression model are higldgrelated (Motulsky 2002). In this
situation the coefficient estimates and signifi@tests for each independent variables
involved may be underestimated (Dirk and Bart 200#yeneral, if we want to predict
the effects of various X variables on Y, multicoéiarity is not a problem since the
overall R (or adjusted B quantifies how well the model predicts the Y \esu

(Motulsky 2002), however, in this paper our intéliego test the impacts of only one of
the various X variables (irrigation factor scorased in the data sets when we do factor
analysis) on our dependent variables, we have tanmded the effects of

multicollinearity.
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SPSS has a Collinearity Diagnostics option thawedlinvestigators to assess
whether they have a problem with collinearity ie thata. Using this option, we examine
this issue among all our predictor variables fahldSGS and NASS data sets.

Table 4 and 5 provide the collinearity diagnostasthe independent variables from
both USGS and NASS irrigation data sets. A toleeastore ranges from 0 to 1. If it is
close to 1, it means littleulticollinearity, whereas a value close to 0 sisgg¢hat
multicollinearity may be problem. VIF (Variance lation Factor) is the reciprocal of the
tolerance. The larger VIF suggests a greater noliinearity. When VIF is great than 10, the
variables should be reconsidered.

Table 4. Collinearity Diagnosticsfor USGS Water Withdrawal Data, Southeastern
U.S. Counties 2000

Coefficients
Collinearity
Statistics
Model Toleran
ce
1 (Constant)
USGS REGR factor score for analysis 1 1
2 (Constant)
USGS REGR factor score for analysis 0.72 1.40
total population of county in thousands 0.67 1.50
Farms number, 2002 0.05 19.76
Farms numbers 1997 0.05 20.41
Percent of white population 0.03 38.29
Percent of black population 0.03 39.50
Percent of persons less than high school, 2000 3 0.24.28
Percent of persons college degree , 2000 0.313.19
UR2000 0.34 2.98
UR2004 0.37 2.72
Median Family Income (2004) 0.33 3.04

Dependent Variable: Poverty Percent All Ages
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Tableb. Collinearity Diagnosticsfor NASS Irrigation Acres Data, Southeastern U.S.
Counties 2000

Coefficients
Collinearity
Statistics
Model Tolerance VIF
1 (Constant)
NASS REGR factor score for analysis 1 1
2 (Constant)
NASS REGR factor score for analysis 0.62 1.62
total population of county in thousands 0.68 1.46
Farms number, 2002 0.05 19.35
Farms numbers 1997 0.05 20.42
Percent of white population 0.03 33.91
Ppercent of black population 0.03 34.85
Percent of persons with less than high schoolp200 0.22 4.52
Percent of persons with a college degree , 2000 30 0. 3.29
UR2000 0.34 2.93
UR2004 0.38 2.60
Median Family Income (2004) 0.33 3.05
a Dependent Variable: Poverty Percent All Ages

From the table 4 and 5 above, we can see thatlifheMour variables are great
than 10, they are: farm number 2002, farm numb®8# 1percent of white population,
and percent of black population. Variables farm ban2002 and farm number1997 is
highly correlated, and they measures exact the $laimgin our regression analysis, so
we only retain farm number 2002 as one of our @dn@riables. Similarly, percent of
white population and percent of black populatioraswge exactly the same thing, so we
discard one of these two, and retain only percéhtazk population. Notice that percent
of people with less than high school degree andgmerof people with college degree are

not highly correlated, so we should retain bothfiwther analysis.
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Regression Analysis

Then it comes to the analysis of the correlatiomvben irrigation and poverty
rate. Here we use these factor scores (they aeslss/variables during the factor
analysis process) instead of the original variatiedo the regression analysis. We will
do two separate regression models for both USGINAERS irrigation data sets. For
each analysis, we have two models; the first mbdslonly one independent variable,
while in the second one, a set of control variaidestroduced. Then we perform a
linear regression analysis to address our hypatasut whether or not irrigation has
statistically significant impacts on poverty ratethe selected 756 counties under study.

Table 6 provides the results using NASS irriga@neage factor loadings as our
main independent variable, while table 7 showditigings using USGS irrigation water
withdraw as our independent variable of interedie Teason why we perform two
regression analyses respectively instead of mithegwo independent variables together
as two main predictors to do the analysis is theg two datasets are somewhat

inconsistent, and hence may distort our whole study
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Table 6. Regression Analysis of Poverty Rate on REGR Factor Scor e of Selected

USGS Irrigation Variables 2000

Unstandardize Standardi

d zed
Coefficients Coefficie
nts

Mode B Std. Beta

I Error

1 (Constant) 1714 0.2 87.26
REGR factor score USGS for analysis 1.12 0.3 1490. 3.7

2 (Constant) 15.19 1.02 14.92
REGR factor score USGS for analysis 0.17  0.12 020. 1.44
Total population of county in thousands 0 0 -0.01 -0.47
Farms number, 2002 0 0 -0.03* -1.93
Percent of black population 866 045 0.33* 1.4
Percent of persons -
less than high school 017002 0.25 9.45
Percent of persons 017 0.02 0.23* 9098
with a college degree
UR2000 0.72 0.07 0.22* 9.85
UR2004 -0.04 0.06 -0.01 -0.61
Median Family Income (2004) 0 0 -0.49** -21.67
R? 0.80
F-ratio 589.80

a Dependent Variable: Poverty Percent All Ages
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Table 7. Regression Analysis of Poverty Rate on REGR Factor Scor e of Selected
NASS Irrigation Variables 1997
Coefficients

Unstandardized Standardized

Coefficients Coefficients

Model B EEEW Beta

1 (Constant) 17.02 0.22 77.12
REGR factor score NASS for 153 029 022 519
analysis ' ' ' '

2 (Constant) 13.92 1.13 12.29
REGR factor score NASS for 0.14 012 0.02 118
analysis ' ' ' '
total population of county in 0.00 000 -0.01 .0.64
thousands ' ' ' '
Farms number, 2002 0.00 0.00 -0.04** -2.35
percent of black population 8.87 0.51 0.32* 3
Percent of persons with less tha o
high sehool 19 002 o027 9.17
Percent of persons with a colleg -
dogroe 918 002 025 10.04
UR2000 0.79 0.08 0.23 9.47
UR2004 -0.02 0.06 -0.01 -0.29
Median Family Income (2004) 0.00 0.00 -0.48** 19:70

R2 0.89
F-ratio 504.10

Dependent Variable: Poverty
Percent All Ages

From table 6 above, we can see that without coresid@ of other factors that
may have effects on poverty rate, irrigation intgnsnakes a statistically significant
difference on the dependent variable, because thalug is much smaller than the
commonly usedn=0.05 level. When introduced the control variabilesluding race
structure, education and unemployment rate, oeatimodel is:

Y = 15.19+0.02%-0.01%+0.33%+0.25X%+0.23%+0.22X%;-0.01 X-0.49X%+ £ where X

to X stand for all the predictors respectively.
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Similarly, from table 7, we can see that USGS watighdraw factor loadings has
a statistically significant impact on poverty rate and when control variables are
considered, the linear model is:

Y =13.92+0.02%-0.01X%+0.04%:+0.32X%;+0.27%+0.25X%+0.23%-0.01%-0.48%g+¢

The two models provide a general understandingoonilrigation intensity and water
withdraw may affect current poverty rate in a specegion, however, the most serious
problem involved in the two linear models is tha fmd when considered the control
variables, the correlation between irrigation andety rate is not statistically significant
anymore (both p-values of the two models are muehtgr than 0.05).

Notice those irrigation factors scores seem todsitipely related to poverty,
however, the factor scores are actually negatieaidd, we can see that irrigation plays a
desirable role on poverty alleviation from both USé&nd NASS date sets. However,
when control variables are introduced, the relatmn is no longer significant. Hence
irrigation is not a single factor that can predigtal poverty in agricultural counties in
Southeast United States.

Impacts on Income | nequality

In addition to evaluation of the correlation betwagigation and poverty rate in
the southeast US counties, we should further tgdtdress the relationship between
irrigation and income inequality. Commonly used Imoels to measure income inequality
include: the Gini Coefficient, Theil-Bourguignondex, Theil Entropy Index and
Wolfson Index. Here we choose the Gini Coefficiaathe measure of income inequality.
The advantages of using this indicator are sevEndt, it is a measure of inequality by
means of a ratio analysis, rather than a variabtepresentative of most of the
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population, such as per capita income or gross doengroduct (Cowell, 1999) Second,
the Gini coefficient is more sensitive to the maldf distribution and performs well in
tapping contemporary inequality (Allison 1978).

A low Gini coefficient indicates more equal incomrewealth distribution, while
a high Gini coefficient indicates more unequalrisition. O corresponds to perfect
equality (everyone having exactly the same incoanel) 1 corresponds to perfect
inequality (where one person has all the incomelevdveryone else has zero income).
Figure 2 is a map of household income inequalitthenUnited States in 2000. From the
map we can see that the nine states under stu@ppreximately the most unequal in
income distribution in the United States.

In the following sections we will use a regresdi@sed approach to analyze the
correlation between irrigation and Gini coefficielnt this approach, the estimated
income flows contributed by characteristics, sughaaea of irrigated land, level of
education and age, are taken into consideratiomwigeconstruct the linear regression
model. However, since irrigation scale and intgnare more related to the on-farm
income in rural areas than value-added off-farnome and incomes from other sources,
we have to decompose the income inequality by gsus€income in rural counties. We
will decompose the Gini Coefficient for total hobséd income as a weighted sum of the
inequality levels of incomes from different sourcegh the weights being functions of
the importance of each component followed Qiuqiblimgng and his colleagues’ study in
rural China in 2005. “For example, if the incomentrdouted by irrigated land accounts
for a large share of total income and is itselhhiguinequally distributed, it is likely to
increase the total income inequality. Howevemdame from a component is negatively
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correlated with total income (i.e., this componennhore concentrated in the hands of
poor farmers), then larger shares of that factghirinelp equalize total income” (Huang

et al. 2005).

Figure 2. Household Income Inequality in the United Statesin 2000

Household Income Inequality in the United
States (2000)

I:’ Most Equal
[ More Equal
Il More Unequal

Il Viost Unequal Data Source: US Census 2000 Public Use Micro Data
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Table 8. Regression Analysis of Income I nequality on REGR Factor Scor e of
Selected USGS Irrigation Variables 2000

Unstandardized Standardized

Coefficients Coefficients
B Std. Beta
Error
(Constant) 0.40 0.00 282.48
REGR factor score USGS for analysis 0.01 0.00 26%0. 6.85
(Constant) 0.37 0.01 25.76
REGR factor score USGS for analysis 0.01 0.00 120. 4.18
total population of county in thousands 0.00 0.00@.03** 1.08
Farms number, 2002 0.00 0.00 0.00 -0.09
percent of black population 0.06 0.01 0.32 10.16
Percent of persons less than high school 0.00 0 0.@.26** 5.29
Percent of persons a college degree 0.00 0.041*Q. 9.56
Unemployment Rate 2000 0.01 0.00 0.29* 6.85
Unemployment Rate 2004 0.00 0.00 -0.18* -4.46
Median Family Income (2004) 0.00 0.00 -0.39** .09
R2 0.60
F-ratio 112.87

Dependent Variable: gini coefficients
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Table 9. Regression Analysis of Income I nequality on REGR Factor Scor e of
Selected NASS Irrigation Variables 2000

Coefficients
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Beta
Error

1 (Constant) 0.40 0.00 254.89
REGR_factor score NASS for 0.02 000  0.31% 750
analysis

2 (Constant) 0.36 0.02 22.84
REGR.factor score NASS for 0.01 000  0.11% 333
analysis
total population of county in 0.00 000  0.06* 1.88
thousands
Farms number, 2002 0.00 0.00 -0.02 -0.50
percent of black population 0.06 0.01 0.32* 09.
P_ercent of persons with less than 0.00 000  0.27% 4.88
high school
Percent of persons with a college 0.00 000  0.41% 8.44
degree
UR2000 0.01 0.00  0.33* 7.27
UR2004 0.00 0.00 -0.20** -4.58
Median Family Income (2004) 0.00 0.00 -0.37* 7.90
R2 0.62
F-ratio 97.64

a Dependent Variable: real gini coefficients

From table 8 and table 9 above, we can see irogatctually reduced gini
coefficient (factor scores are negative, so irf@aand income inequality are negatively
correlated). The relationship is statistically sfigant at 0.01 level, but not very strong
for both variables from two different data setssIstill significant when a set of control
variables are involved. Gini coefficient is a smglatistic to measure how equal income
is distributed to households (or individuals) witla specific area. Our cross-county data
suggests that intensive use of irrigation is ableetiuce income inequality in rural

counties to some extend, which is contradictorguohypothesis.
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CHAPTER 5
CONCLUSION
This study is contribution to the larger projectMitigating Local and Regional
Agricultural Droughts by Increased Irrigation usi@gol Season Run-off in Alabama that
includes evaluation of available water resourcas Isuitable for irrigation,
environmental issues related with increased inagatechnical feasibility, potential
economic benefits and risks, social impacts, fugpdamd farm policy changes. This part
of the project focuses on the potential social ioipaf increased irrigation intensity and
scale.
We seek to understand the consequence of irrigatioption for rural
communities and farming in general. This chaptéirtie together the information from
all data sets to understand the key relationshifpair study and discuss further research
possibilities.
Major Findings
The purpose of the first part in our study is toyile a basic understanding about
irrigation and rural poverty status quo. A desdvgptinalysis summarizes the average,
standard error and range statistics of all var@bfanterest. Irrigation is less developed
in our study area than in western states, but ngher poverty rates and income
inequality than the average State’s level. Furtimeoyder to understand the relationships

underlying the statistics, we use a factor analyshod to simplify the analysis. Factor
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scores and saved as a variable in the data setg doe process for further analysis.
Factor scores can be both positive and negativeegative score does not mean that the
variable has a negative value; rather, the negatiiges result from the fact that factor
loadings can be negative (Burgard andKuznicki 198@yed factor scores then are used
as our main independent variables to study theéioekhips between irrigation and
poverty, and income inequality. Collinearity diagho is performed before regression
analysis to minimize the inflation of the variancégparameter estimates.
Multicollinearity may result in lack of statisticaignificance of individual independent
variables and may also result in incorrect regogssoefficient estimates, and
consequently in incorrect conclusions about retetnops between predictors and
dependent variables (Snee and Marquardt 1984 urlamalysis, we removed some
variables that measure exactly the same issuénasriables to reduce
multicollinearity, and provide better understandiradpout the correlations of our interest.
Finally, two regression models are used to studyé¢hationships between irrigation and
poverty rate, irrigation and income inequality bmth data sets.

The findings in our study suggest that althouglgation plays a positive role on
poverty alleviation, however, it is not the sinfgetor to determine poverty status in a
rural region. Rural poverty is jointly affected ayarious factors other than irrigation
and productivity, such as race structure, educattm However, irrigation plays a
statistically significant, however moderate, roteincome inequality.

Future Study

This research mainly focuses on cross-county dade5®SS programming. The

primary purpose is to provide a general understandbout the relationship between
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irrigation development and poverty and income iraityy however, why and how they
are related have not been fully accessed. Furthdy ®n these issues may shed light on
how actual programs should be implemented. Cowwylldata are limited in that they
are not able to provide full understandings abawt Bmaller units are affected, such as
groups, households or individuals, hence this sisidyable to determine whether large-

scale irrigation can meet all groups’ needs or ¢inéycounty as a whole.
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