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ABSTRACT

The increasing trends of integrated and concentratelgbpooduction results in a
serious threat to environment through excessive littalymtion and lack of its proper disposal.
Production concentration in limited area is a majarrse of surface as well as ground water
pollution. Nonpoint source pollution from broiler littapplied on land remains a major concern
in Louisiana and elsewhere in Southeastern USA. Thdysexamines alternative approaches to
reduce pollution originating from broiler production. Fils¢yvaluate why some producers adopt
BMP faster than others and what kind of factors affeettime to adoption decision. The
duration model is employed to allow the censored obsenvathile evaluating the impact of
farm and individual specific characteristics on timadoption decision. The information and
awareness about the BMPs and the negative effectsitdriqproduction on water-bodies are
found to be the main factors to encourage the adopli@nger farmers are also the early
adopters of BMPs.

The existing literature finds voluntary BMP implemeitatserves only as
complementary-instrument to economic-incentive-based appes. Therefore, the option of
economic-incentive based approach to mitigate water molllslecomes crucial. | evaluate the
factors associated with the incentive level that wadéis broiler producers to either terminate the
production practices or pay pollution abatement costs sorasluce pollutant entering water
resources. | attempt to answers the question of “whheisninimum amount that a broiler
producer is willing to accept to forgo the production pracsic as to reduce pollution
generation”. It is found that broiler producers are ngjlto terminate production only if the

government payment is very high as compared to the fnaiit the production. However, the



producer’s willingness to pay pollution abatement taxommaratively small, if they were to pay

to mitigate the water pollution at their current produttiechnology.



CHAPTER ONE
INTRODUCTION

Rapid growth on broiler production and its spatial conegion have been a serious issue
due to the negative environmental consequences originatimgefxoessive litter production
(Glover, 1996; Wastenberger and Dedson, 1995). The concemtoétivoiler production
exacerbates the level of littexpplication in the broiler production areas (Glover, 19B&iler
litter, when applied on land improperly and in excessimeunt$, causes higher nutrients
concentration in soil which eventually results incleiag and surface runoff into the water-
bodies (Kingeryet al.,1994). In addition, the lack of perfectly operating litt@arkets results in
a repetitive application exacerbating the nutrientdu) runoff, and leaching (Sharpletyal.,
2004) — causing externalities to other inhabitants in themegi

Excess nitrogen may leach into ground water causing riskrt@n health, or runoff to
the coastal waters causing hypoxia, whereas the phosphwgusdin nutrient pollutant from
broiler litter) runs off along with the sedimentsrfrerops and pasture lands, adding on to the
water contamination and eutrophication. These adverseoenwintal effects are largely
attributed to the litter application in excess of the iratrrequirement of crops and pastures,
and/or trying to dispose the byproduct of chicken productiooygs) 1996).

These externalities prevent a socially optimal useefithter resources among users
posing negative effects on human health as well ds®ete¢osystem. The governmental and
public concern over the potential health effects hastbthe United States Environmental

Protection Agency (US EPA) and state agencies to intetig@fregulatory approaches to reduce

! Broiler litter represents the mixture of broiler eeta, bedding material and waste feed removed from the
production units during the cleaning process.

¢ Excessive litter application is defined as an applicatian provides nutrients (Nitrogen and Phosphorous) greate
than the crop requirement.



nutrient pollution. In fact, the broiler industry is undee threat of environmental regulation
because of the increased level of nutrient buildup andffumhich originates from excessive
and repetitive litter application (MacDonald, 2008).

Conceptually, the externality problem can be solved by using prechanisms, control
instruments or the pollution standards and restrictingisieeof pollution-generating inputs in the
production process. The problem can also be solved bynmepling management practices
which reduces the nutrients amount from reaching the vbaties. In addition, the concept of
production termination has been an alternative strateggduce agriculture related pollution, in
recent years (Lamberet al, 2007; Reichelderfer and Boggess, 1988).

Governmental incentive payments are provided in order tovatetproducers to
voluntarily modify their production practices to meeflygton-reduction goals. Further, the
section 319 of the Clean Water Act focused on voluntdoption of best management practices
(BMPs) to reduce agriculture related non-point source paliuThe implementation of BMPs
requires farmers’ investment although the farmerddagixperience full benefits out of their
investments. Such fact affects the BMPs adoptions neggtiesulting in slow rate of BMPs
adoption among farmers (Gillespgeal 2008). The first section of this dissertation evaluties
underlying factors hindering the voluntary implementabdéBMPs.

The failure to encourage producers from implementing ByfPerates a concern that
the voluntary effort may fail to meet the desired watdlution reduction goal. The fear of
failure to mitigate existing agricultural water pollutidmough voluntary BMP adoptions is also
fueled by the current environmental conservation progtaemsgy economically inefficient

(Babcock, 1995). In addition, the existing literature arguasthe voluntary effort fails to



generate desired level of pollution reduction if not conbivéh other complementary
governmental regulation (Lyon and Maxwell, 2002).

Then, the option of terminating (partially/fully) tpeoduction program to reduce water
pollution emerges as a potential alternative to congataltural water pollution. However, the
guestion remains on whether the farmers are willingnminate the production process to
comply with water pollution regulation. On the othand, if the producers are not regulated/not
charged for the pollution they generate, the non-reglilaperations continue contributing
significantly to the water contamination. Hence, $beond section seeks to explore the notion of
incorporating polluters on pollution reduction processes.

Thus in this dissertation, three measures of mitigatingent pollution originating from
broiler industries are explored. It covers the conoéptinging the polluters on pollution
reduction process either through voluntary implemenmtaiifdBMPs or through providing
economic incentives and disincentives to the produEarsner’s willingness to maintain water
guality through the manipulation of broiler numbers iséated by assessing the level of
incentive level that the farmer desires to receivpraducer were to cooperate with pollution
reduction program. In addition, the concept of chargingipot abatement cost to force the
producers to pay for pollution control measures is alsonged in this dissertation. Thus the
key concept of this dissertation lies on the fact thatmplementation of corrective mechanisms
for nutrient pollution depends on the producers’ responsaviie toward mitigating generation
of the nutrient pollutant.

I. LOUISIANA BROILER PRODUCTION
According to Louisiana Agricultural Summary, there wé&é8 broiler producers in

Louisiana in 2006 (Louisiana Agricultural summary, 2006). iinaber of producers has



decreased from 579 in 2002, but the production has not decréasesigha Agricultural
summary, 2003). The numbers suggest the concentrationitdrbitter production or the
concentration of nutrient production has increased imsylegtween 2002 and 2006. The absence
of a well functioning litter market and cost-efficierdisportation system has forced broiler
producers to dispose excess litter on nearby crops and piastdise

Broiler production in Louisiana is clustered in relatyveiall, localized areas generating
a higher concentration of broiler litter in a fewuoties of northern Louisiana. Essentially, all
broiler production in Louisiana is vertically integrdtend thus operated under contract. In fact,
production through contractual arrangements provides betefite producers such as reduced
market risk, production reduction responsibilities, lowggrating capital requirements, and
relatively reliable and predictable incomes (Vest and/L4696). Contract based production
processes also result in rapid technology adoption, ineprpvoduction efficiency, as well as
easy access to capital (Vukina, 2001). However, conaszd production leaves narrow margin
for profit and full responsibility of litter managemeatlroiler producers.

The vertical integration of broiler production includetegration from hatcheries through
feed mills and processing plants. However, broiler prodnaiperations require substantial
investments on litter management which becomes thensiiliy of the broiler producers.
Thus, the producers, not the contractors, face the rabpivyp®f complying with the
governmental regulations and restrictions regarding envirotaissues associated with broiler
production.

More specifically, the producers bear the burden of cgimpito government regulations
associated with the impact of litter on water qualitgereasing their cost of production.

Furthermore, the producers are awarded or punished baskeéirproduction performances. For



example, the producers producing more pounds on loweramudtsr having a lower mortality
rate are paid higher as compared to other growers (Vukina, ¥@8fland Lacy, 1999), which
leaves limited or negative economic incentive to brgal@ducers for litter management.

Hence, the producers not only have to invest in manageprectices that lower the
nutrient production but also are punished by the integratomsdieased production costs.
Therefore, the pressure for the broiler producers coroaslioth sectors -- the government and
the contractors, forcing the producers to seek for a @t ltter management option so that they
can stay in the business.

. RATIONALE OF THE STUDY

The Environmental Protection Agency’s National Water @uatventory of year 2000
reported that more than 41% of Louisiana’s water-bodibsrepartially or fully fail to support
the designated use (EPA, 20000 particular, out of 9,455 miles of streams and rigerseyed,
only 52% of surveyed miles support the designated water qgaktly More than 11% of rivers
and streams do not support the designated use and 37% onljypsupaort water quality
standards (EPA, 2000).

Similarly, out of 664,124 acres of surveyed lakes in Lon&i@nly 57% fully support
their designated water quality standard. More than 5%eoktkes surveyed fail to support their
designated use and 15% of the lakes partially support gepiired characteristics. Moreover,
only 10% of surveyed wetlands fully meet the criteriait®designated use (EPA, 2000).

In Louisiana, water-bodies within the western parthefOuachita River Basin and the

eastern parts of the Red River Basin partially mast designated use or are largely threatened

3 Environmental Protection Agency. Louisiana waters
http://www.cleanwaternetwork.org/docs/publications/fastsh/states/la. pdf
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by the nutrients flow produced by broiler operations and pdanateunoff. Large scale broiler
productions concentrated in the northern parishes oflama are responsible for contributing
the significant amounts of phosphorus and nitrogen irbyesater-bodies

In addition, the lack of a fully functioning litter matkeas caused an excessive amount
of litter application on crops and pasture lands. The skeesutrient application thus
accelerates both the accumulation and surface flowwients in the watersheds surrounding
the broiler production region in northern Louisianas Mvell recognized that the improper and
excessive litter application results in increased nutteaching and surface runoff causing water
contamination (Kingergt al. 1994). However, due to the market driven nature of broiler
industry and contract based production, the problem of ekttesdas been in the shadows
among the producers.

EPA noted that the nutrient runoff from land applicabdhivestock manure or poultry
litter is a major source of pollution that is dischafg&o the surface waters (EPA, 2000). The
USDA Natural Resource Conservation Service in congittthe US EPA has recommended a
voluntary implementation of the BMPs. These prasti€@mplemented decrease the generation
and transportation of nutrient pollution into the waiedie$. However, those changes on
farming operations — to meet nutrient standards — tend teaisermproduction costs through
investments in nutrient management operations. Thusguttathe farming practices to comply
with stringent pollution standards is likely to decrgas®lucers’ profits through increased
production costs (Dupraz al, 2003). These added production costs and associated prafit los

have been blamed for a slow rate of BMPs adoptions (idowsd Sun, 2000). Since a reduction

* http://nonpoint.deq.louisiana.gov/wga/poultry.htm

® http://nonpoint.deq.louisiana.gov/wga/poultry.htm

®Environmental Issues Facing the Louisiana Poultry Imgustagazine: Poultry Waste Management accessed from
http://www.lsuagcenter.com/MCMS/RelatedFiles/{95071472-8B1F-40D9-8162
404692A70A48}/PoultryEnvironmentalConcerns.pdf




in producers’ profits has been recognized as a majorfactondering the adoption of
environmentally friendly practices (such as BMP), ther@ need to identify alternative
measures of pollution reductions.

In addition, after a thorough literature survey of vodumtpractices in the United States
and Europe, Lyon and Maxwell (2002) emphasized that volmtgrlementation of
environmentally friendly production practices are complatiaugy to the environmental
regulation and/or standard, not the substitute. Theredoig the voluntary BMPs adoptions may
not suffice to achieve pollution reduction as desired. Ttiem of a production termination and
pollution tax along with voluntary BMPs seems to be @piisil combination to reduce nutrient
build up and runoff.

Production termination, either partially or fully, istno the producers’ own interest but
it is inspired by the threat of environmental regulatibimerefore, the producers require
sufficient incentives to recover losses associatél thie termination of their production process.
Assigning the level of incentive payment revolves arotiedibtion of farmers’ willingness to
participate in pollution reduction programs or proposeigsl for nutrient pollution reduction.
Therefore, it is also imperative to understand how mhehndividuals expect to receive if they
were to comply with the proposed policies of pollutieduction. Such values in this study are
measured using contingent valuation approaches. The wigsgto accept and willingness to
pay, are the two different measures to elicit farmeesire to participate in a pollution-reduction
program either through terminating production practicesdoce pollution generation or by
paying pollution abatement cost.

| employ willingness to pay and accept measures to evaluaiter growers’ interest to

mitigate water pollution problem. This study assumestti@producers are aware of their



contribution toward water pollution and the water padintis negatively associated with human
health as well as with the ecosystem.
[l. CURRENT PROGRAMS MITIGATING AGRICULTURAL POLLUTION

The EPA and the states regulated point source pollutraugh the National Pollutant
Discharge Elimination System (NPDES) permit program utfteeFederal Water Pollution
Control Act (Clean Water Act) The program focused on water pollution mitigation through
regulatory actions over point sources. A considerable pssgvas made in restoring and
maintaining pollution flow. However, the achievement dowdt solve the nation’s water quality
problems. Thus, by 1987, the importance of acting over nongoumnce pollution was well
recognized.

The amended Clean Water Act, “1987 Water Quality Actilgsthed a national level of
Nonpoint Source Management Programs to address norgoairge pollution. The Nonpoint
Source Management Programs established by section 319ahéreled CWA started to
provide the EPA the authorities to offer grants, guidaartd technical help for the state
programs to encourage implementation of nonpoint saueceagement programs. Section 320
of amended CWA authorizes EPA to provide grants and teclguaddnce to state and local
governments for implementing comprehensive managemenrg fganaintain estuaries.

The Rural Clean Water Program (RCWP) was started in 1080dress agricultural NPS
pollution in watersheds until 1990 as an experimental efféne program focused on
minimizing pollutant production and improving water quality wigfeducing agricultural

commodities in the rural areas. The experimentakgtsjincluded implementation of BMPs to

" National Management Measures to Control Nonpoint Source Pollution frorouttgre, EPA 841-B-03-004, July
2003. http://www.epa.gov/owow/nps/agmm/chapl.petrieved on Dec*12008
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mitigate agriculture related nonpoint water pollution ax@hitoring to examine the effects of the
BMPs.

The conservation provisions of the Farm Bill (1996) pravidedowners the technical
and financial assistance to conserve, improve, and suk&soil, water, air, and related natural
resources on their land. Environmental Quality IncestReogram (EQIP) was established by
the Federal Agriculture Improvement and Reform Act (199éFact) and jointly administered
by Natural Resource Conservation Service (NRCS) and Barmce Agency (FSA) for the
purpose of providing incentives to the farmers and rangusisg threats to soil and water
resources. The EQIP provides financial incentives, teahgigdance and education to comply
with Federal, State, Tribal, and local environmentgulations as well as to encourage the
implementation of conservation practices that manggetdtural pollution.

The EQIP supplies cost-share (generally about 60% but@@tofor limited resource
farmers) for an implementation of conservation pcastto the grass lands, forest and crops that
reduces nutrient loading to the nearby water-bodiesntne payments are also extended to the
eligible farmers and ranchers implementing nutriedt manure management from their
livestock as well as crops and pasture lands. Incentivegragmmay be extended to three years
to encourage the implementation of the practices otbertie farmers will not. The maximum
of ninety percent cost-share is permitted for the samalllimited-resource-farmers. However, it
may not exceed $450,000 for all EQIP contracts entered dimenigtm of the Farm Bill.

The 2008 Farm Bill increased cost incentive payments up tof@0%6cially
disadvantaged farmers or ranchers in addition toduiniesource producers as of 2002 Farm
Bill. Farm Bill 2008 further allowed farmers to receivdvance payment up to 30% of the

amount needed to purchase materials to install and/dennemt pollution reduction



mechanisms. The funding for EQIP was $200 million inafigear 2002 which increased to $1.1
billion in year 2007. The amount for fiscal year 2008 is atzkd to be $1.2 billion which will
again increases gradually to $1.75 billion in 2012

V. RESEARCH QUESTIONS

The return from increased level of incentive paymentshieimplementation of
voluntary practices has been unconvincing. The unsatisfaciprpvement in BMP adoptions
needs an examination of the factors associated hathate of adoption over time. The first topic
of this dissertation explores the duration to impleinBvPs as a tool to mitigate nutrient
generation and runoffs. More specifically, the chapeeks to answer the question of “what are
the underlying factors associated with the slow disseromati BMPs?”

The next issue incorporated in this dissertation exasihe level of government
incentive to encourage broiler producers to implement emwviemtally friendly production
decisions. The dissertation answers what is the mimiigwnount that the broiler producers are
willing to accept to forgo their production practices ider to reduce pollution generation.

Then, the third issues addressed here is the amountpghadwcer is willing to pay as
pollution abatement cost. In this regard, this disdertaeeks to evaluate the maximum amount
that a broiler producer would like to pay as pollution alete cost and keep on continuing their
existing level of production. This serves as the thireraditive to mitigate the water pollution
control issue.

V. RESEARCH OBJECTIVES
Due to intensive market oriented broiler production and ld&conomic incentive, the

broiler producers fail to accommodate pollution contffarés on their production function.

8At a glance: Environmental Quality Incentives Prograay 2008 retrieved form
http://www.nrcs.usda.gov/programs/farmbill/2008/pdfs/EQIP_At_JanGe 062608final.pdf on Deé?22008
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Therefore, the primary concentration of this studyaishon exploring the mechanisms to
accommodate polluters on pollution reduction efforisaddition, the possibility of litter
transportation will also be examined. The specific objestare to;

a) Examine time to adopt BMP. The focus remains on ttiifa affecting the time to BMP
adoption.

b) Evaluate broiler producer’s willingness to accept value toggzate on the
environmentally benign production practices. The valuessrasd to represent an
amount of incentive payment that the farmers desiredeive in order to internalize
pollution reduction efforts on their production function.

c) Examine the producer’s willingness to pay value whichssim&d to represent an
amount that an individual can afford (willing to spend)mpriove water quality.

VI. OUTLINE OF THE DISSERTATION

This dissertation examines the four viable alternativasvolve farmers on pollution
reduction programs. The core content of the reseammtesented on three “journal article style”
chapters. The second chapter presents the data callapyiooach, details on descriptive
characteristics of respondents, and simple analysigatire surplus/deficit in broiler producing
parishes in Louisiana.

Chapter three, the first essay, evaluates the bpmtetucers BMP adoption decision using
a Cox proportional hazard model. The event dependencestargeneity among individual
farmers are accounted for using frailty and conditidraalty models.

Chapter four estimates the WTA of an individual to redudieiggmn generation through
reduction in broiler production. WTA assumes to represeeintive required by an individual if

environmental regulation requires them to cut produciionte reduce pollution generation.

11



Similarly, chapter five examines the farmers WTP vaiuge form of additional tax if they
were to continue their production practice at current Sibapter six concludes with policy
implications of this research.
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CHAPTER TWO
SURVEY METHODOLOGY
. SURVEY INSTRUMENT
The data used in this dissertation came from aesumhere the population included all

the broiler producers in Louisiana. The questiormdesign, sampling process and the data
collection are not a part of this dissertation.Heat used secondary data collected through
survey to understand broiler production relateddssin Louisiana The data covers the broiler
producers in the major broiler producing parishielsawisiana including Bienville, Claiborne,
Jackson, Lincoln, Natchitoches, Ouachita, Sabimeoty Vernon, Webster, and Winn parishes.
Figure 2.1 shows the locations of major broilergu@ing parishes in Louisiana and table 2.1

shows the characteristics of respondents.

=

Claiborne Union
ehs te

Lincoln

Bienville

Figure 2.1 Broiler producing parishes in Louisiana.

° Survey design and data collection were doneand®! (2005). Ref: Paudel, K.P. “Survey of BepiFarmers in
Louisiana.” Department of Agricultural EconomicgdaAgribusiness, Louisiana State University Agrictal
Center, Baton Rouge, Louisiana. 2005.
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Table 2.1: Characteristics of respondents

Age of the respondents (years)

"US Census (%)  Sample (%)

15to 19 years 8.2 0
20 to 24 years 7.3 8.11
25 to 34 years 13.5 14.86
35 to 44 years 15.5 32.43
45 to 54 years 13.1 13.51
55 to 59 years 4.7 13.51
60 to 64 years 3.8 16.22
65 to 74 years 6.3 1.35
Educational attainment

Less than high school graduate 25.20 12.16
High school graduate (includes equivalency) 32.40 56.76
Some college, no degree 20.20 14.86
Bachelor's degree 12.20 9.46
Graduate or professional degree 6.50 6.76
Associate degree 3.50 0.00
Marital status

Never married 28.60 16.22
Married 53.80 79.73
Widowed 7.40 4.05
Divorced 10.20 0.00
Asset to liability ratio

No debt 18.92
Up to 20% of asset 22.97
21% to 40% of asset 22.97
41% to 60% of asset 21.62
Greater than 60% of asset 13.51
Ownership of broiler farm

Individual ownership 71.62
Family Ownership 20.27
Others 8.11
Percentage of household income from broiler industry

0 to 20 percent 20.27
21 to 40 percent 9.46
41 to 60 percent 20.27
61 to 80 percent 22.97
81 to 100 percent 27.03

On an average an individual broiler grower: Raises 47M&Sr birds; Owns 86 percent

production land; Applies litter on 46 percent of crop land,;
"Source: US census bureau at http:/factfinder.census.gov

15



The data contains the information on three alt@éreatpproaches to mitigate nutrient
pollution generated by broiler producers in LoutsiaThe data contains general information for
BMP adoptions, broiler producers’ willingness tatmapate in the production termination
programs, and the amount they need to terminatprtigiuction process partially or fully. The
data also provides information on willingness tg palues as pollution abatement cost. The
willingness to pay values represent broiler prodsatesired amount to pay for pollution
abatement in the form of tax. In addition, a sefgasaction adds the information on manure
application and storage approaches employed biebmmioducers. The detailed description of
data and variables used in this dissertation asemted on the “DATA AND METHOD”
sections of the associated essays.

Il DATA DESCRIPTION

The first section provides the information on fasize and manure application

approaches employed by the growers. Farm siz@issented by numbers of broiler birds raised

per year (Figure 2.2).

4 . , . )
Broiler raised by Louisiana farmers

18.0
16.0 -
14.0 -
12.0 -
10.0 -
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6.0 -
4.0 -
2.0 -
0.0 -

% individuals

<1 1to2 2to3 3to4 4to5 5to6 6to7 7to8 >8

broiler no (100,000)
_ 4

Figure 2.2: Farm size measured by number of broiler
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More than thirty one percent of farmers raise 300-thousand broilers per year. Nearly
seven percent farmers are small broiler growers legs than one hundred thousand broiler
birds in a year. In general, one house accommodatsty five thousand broiler birds. Most of
the houses are built in between 1985 to 1994 (Eigus) when the demand for chicken

increased rapidly and demand for red meat droppachdSee Figure Al in Appendix).

- ™

Broiler houses built by years

20,
r %

m1954 to 1964 m 1965 to 1974 = 1975 to 1984 m 1985 to 1994 = 1995 to 2003

- J

Figure 2.3: Broiler houses built by years.

Thirty seven percent of broiler housings are hnitthe years from 1985 to 1994.
Macdonald (2008) also listed more than sixty fieegent of the broiler houses nationwide which
were built in between the years of 1986 and 2000y @vo percent of the houses built in
between 1954 and 1964 are still in operation (FedliB). Most of those houses are retrofitted to
fit with the new technology for competitive prodioct. Figure 2.4 shows the number of houses

retrofitted by years.
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Figure 2.4: Broiler houses retrofitted to include rew technology.

The second section presents background informatidoroiler production in Louisiana
and its impact on water sources. The data coniaiosmation on three alternatives measures to
mitigate water pollution including BMPs adoptiots;minating production process, and paying
pollution abatement cost in the form of tax.

The average number of birds produced by Louisiao#e farmers is 480,000 producing
approximately 600 tons of broiler litter. Existifijer disposal and management by broiler
growers often fail to account for nutrient contesitshe litter, nutrient required by the plant and
nutrient content of the soil. On average, Louisibraler growers cake out the litter five times in
one year (Table 2.2). Cake out is a process of vemgditter near watering and evaporating
cooling system normally after each flock of birde eemoved for marketing . The remaining
loose litter is then reused for the new flock uitis ready to be replaced.

The litter taken out during the cake out proceshercleaning process is piled in the
storage facilities until the time for land spreagdiin general, the data shows more than fifty
percent of producers keep the litter on pile foly@mx months (figure 2.5).
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Litter remains in pile

3%

m Six months  ®Twelve months = Twenty four months m®Others

" 4

Figure 2.5: Duration of litter remains in piles.

Additionally, an individual farmer has been spreaditter on production land for seven
years on average. Pasture land receives brotfler lip to six times a year (Figure 2.6). The
result indicates that more than twenty five peragmespondents apply litter on their pasture
land at least five/six times a year. Whereas, gpdieation on crop land is almost zero. Only
about 1.3 percent of respondents apply litter op ¢and about one to two times a year.

Therefore, it can be said that the litter is agpb@ pasture land irrespective of nutrient
content of soil and nutrient need of pasture laviigreas, only one or two application of
fertilizer (nitrogen, phosphorous and potassium)reeded based on climatic condition and
variety of grass grown by the farmers (Barnhar87)9These applications of broiler litter, a
common practice by Louisiana broiler farmers imgfyover-application of litter on available
crop and pasture land. This indicates that the égpmdication of litter is treated as litter dispbsa
without any concern over crop nutrient need orgingronmental quality.
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Reasons for not selling litter

® Market is not available ®m Use on crop = Use on pasutre ® Distribute for free

J

Figure 2.6: Stated reasons for not selling broilelitter.

The excessive litter application in pasture landnfgaesults from absence of a well
functioning litter market and imperfect informatiabout the benefits of broiler litter on crop and
pasture land. More than twenty five percent oflbrgrowers in Louisiana stated the absence of
a litter market as their main reasons for notrsglthe byproduct (Figure 2.7). In addition
eighteen percent of the broiler producers distabititer to their neighbors and other receivers for
free, where the underlying reason is absence obigebtrading market (Figure 2.7).

It is well recognized that the litter applicationeplace commercial fertilizer; however, it
poses a serious concern over the economic gaitveeta the conventional commercial
fertilizer. The cost of litter loading transportatj litter spreading, and the relative cost of
commercial fertilizers are among the main econoraiiables affecting substitutability of litter

to replace commercial fertilizer.
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Table 2.2: Description of manure management by Louisiana broilegrowers

Variables Mean Std. Dev  Min Max
Litter loading cost ($/ton) LI 461 0 22
Litter spreading cost ($/acre) 5.40 12.16 0 60
No of times an individual cakes out the litter 4.44 2.23 0 8

Broiler litter, the byproduct of meat production, is getignased on pastures and hay
lands after the removal from broiler houses in La@unai Nitrogen, phosphorous and potassium
are the major elements that the plants require atively larger proportion. On average, one dry
ton of broiler litter provides 57.5 Ibs nitrogen, 51.4 Ibpldsphorus and 39.8 Ibs of potassitim
where the nutrient content of litter found to vary fr8t0 to 89 Ibs/ton of nitrogen, 32.0 to 67.2
Ibs/ton of phosphorus and 16.0 to 48.2 Ibs/ton of potassibenniitrient content of litter
depends on the weather condition, material used fidibg, feed etc.

Table 2. 3: Manure handling by Louisiana broiler growers.

Std.
Variables Mean Dev Min  Max
No of times an individual cakes out the litter a
year 4.44 2.23 0 8
No of years that individuals have been
applying litter on crop and pasture land 6.9810.81 0 37
Sell litter =1 0.53 2.67 0 25
Store litter = 1 0.58 0.62 0 4

The nutrient rich broiler litter is generally transigal from production sites to the
application sites. The existing research shows tieg titansportation posed a great concern over

the economic gain as compared to the conventional cocrahéertilizer (Kellog,et al, 2000;

19 Source: Nutrient content of broiler litter. Texaspextive Extension, the Texas A & M University System.
http://gallus.tamu.edu/extension%20publications/waste/nutdetent. pdf
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Fleminget al. 1998). The cost of litter loading, transportatibiter spreading, and the relative
cost of commercial fertilizers are among the maion®mic variables affecting substitutability of
litter to replace commercial fertilizer.

Louisiana broiler producers transfer litter for abd.5 miles whereas, the cost of litter
transportation is not cost prohibitive up to onadned miles from production site (Pellitiet,
al. 2001). About 53% of respondents stated that $kdéythe byproduct too but the price they
receive is very low, which is only about $6.99, wdas Paudedt al. (2002-2003) stated litter

should command as much as $35.60 per ton basedtoan content of broiler litter.

Potential Use of Broiler Litter in Louisiana

The main agricultural production area in Louisiacaurs in the north-eastern part, where the
broiler production is also a major agricultural qguoment. Figure 2.7 and 2.8 show the land use
classification based on crop grown in study arehiar.ouisiana. The crop-based production

system is also found in south-western and south-@drouisiana.

e

Grassland/Herbaceous 141860.859
PastureMay 481172424
Cultisated Crops 2036239437

Figure 2.7: Land use pattern in study area

22



The main crops grown in Louisiana are sugarcangesms, corn, rice and cotton. Based
on the nutrient requirement of the major crops grawlLouisiana soybean is the only crop
where poultry litter may not be the good sourcaudfient since it needs no additional nitrogen
for the production. The nutrient components aresep@arable in broiler litter and therefore, the
litter may not be a potential nutrient source &gumes. Other crops can absorb the litter

production without affecting the environment adedysand within Louisiana, if managed

properly.

Figure 2.8: Land use classification of Louisiana.

Table 2.4 details the litter production from theil@r producing parishes in Louisiana.
Estimated tonnage of litter production and assediautrient contents are also presented for the
study region in the table 2.4. The table determwlesther the county produces more broiler
litter than the crop production in the parish chaab. This determination of a parishes being
excess/deficit depends on the acreage of crop ptiot recommended nutrient levels, total

guantity of litter production, and nutrient conteftitter at the time of application.
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Table 2.4: Crop area, crop-nutrient demand and the nutrientsupply from broiler production

Parishes Production Total Production  No of Litter produced Litter based classification

broiler/major crops (Ibs)/acre broiler birds  (tons/yr) N (ton) P (ton) K(ton) (surplus/deficit)
Bienville Broilers (Total) 24,174,220 4,395,313 5,494

Corn 679 51 20 20

Hay 5,000 33 33 33 Excess

Total crop nutrient requirement 83 53 53

Nutrients equivalent supplied by parish's broiler production 159 140 110
Claiborne Broilers (Total) 125,100,900 22,745,618 28,432

Corn 223 17 7 7

Hay 27,000 176 176 176 Excess

Total crop nutrient requirement 192 182 182

Nutrients equivalent supplied by parish's broiler production 825 725 569
Jackson Broilers (Total) 92,702,725 16,855,041 21,069

Hay 10,500 68 68 68

Total crop nutrient requirement 68 68 68 Deficit

Nutrients equivalent supplied by parish's broiler production 611 537 421
Lincoln Major crops are vegetables where broiler litter application is not anjaie option

Nutrients equivalent supplied by parish's broiler production 1,143 1,005 788 Excess
Natchitoches Broilers (Total) 97,100,000 17,654,545 22,068

Corn 17,010 1,276 510 510

Soybean 9,890 0 247 148

Sorghum 4,626 278 81 81 Deficit

Hay 19,000 124 124 124

Total crop nutrient requirement 1,677 962 863

Nutrients equivalent supplied by parish's broiler production 640 563 441
Ouachita Broilers (Total) 23,939,000 4,352,545 5,441

Corn 14,949 1,121 448 448

Sorghum 4,082 245 71 71

Hay 1,800 12 12 12 Deficit

Total crop nutrient requirement 1,378 531 532

Nutrients equivalent supplied by parish's broiler production 158 139 109
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Table 2.4 Contd.

Sabine Broilers (Total) 165,175,000 30,031,818 37,540

Hay 2,200 14 14 14

Total crop nutrient requirement 14 14 14 Excess

Nutrients equivalent supplied by parish's broiler production 1,089 957 751
Union Broilers (Total) 342,269,282 62,230,779 77,788

Hay 3,500 23 23 23

Total crop nutrient requirement 23 23 23 Excess

Nutrients equivalent supplied by parish's broiler production 2,256 1,984 1,556
vernon Major crops are vegetables where broiler litter application is not anpajsieooption

Broilers (Total) 1,450,000 263,636 330 Excess

Nutrients equivalent supplied by parish's broiler production 10 8 7
Webster Broilers (Total) 7,200,000 1,309,091 1,636

Corn 265 20 8

Total crop nutrient requirement 20 8 Excess

Nutrients equivalent supplied by parish's broiler production 47 42 33
Winn Broilers (Total) 7,400,000 1,345,455 1,682

Hay 2,900 19 19 19

Total crop nutrient requirement 19 19 19 Excess

Nutrients equivalent supplied by parish's broiler production 49 43 34

Total nutrient supplied by broiler production in major broiler growing parish

Louisiana 5,843 5,138 4,030
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CHAPTER THREE

ADOPTION OF BEST MANAGEMENT PRACTICES (BMPs) TO MIT IGATE
NUTRIENT POLLUTION: A DURATION ANALYSIS

l.  INTRODUCTION

Best management practices (BMBsjre structures or management practices adopted by
farmers to reduce the diffused source of pollution in afitical practices. Accelerating BMPs
adoption has been one of the urgent objectives of rednaingnt pollution associated with
agricultural production practices. The non-point source gemant program established by
section 319 of the Clean Water Act centered its goaéduacing non-point source pollution
through voluntary adoption and implementation of BMBrréntly, cost-share up to ninety
percent and fixed payments, are provided to encourage faronedspt these environment
friendly practices. Despite these incentive paymendscast-share mechanism, there has been a
concern that the diffusion of BMP remains very sloweagating a serious concern over

achieving the desired level of pollution reduction.

The BMP adoptions require investment to reduce pollutkbereality where investors
fail to experience a full benefit of their investmeiiise need of private investment to produce
public goods becomes the main hindrance for BMP adoptiorr Gkkly reasons for slow rate
of BMP adoptions are the uncertainty of outcome, yietti@st, larger amount of initial and
recurring investments, and less feasible options when pigoirizon is limited (Valentiet al,
2004; Gillespieet al.,2007).

These characteristic of BMP force the broiler prodsite delay or avoid investment on

BMP adoption. Potential adopters thus tend to wait umilutility from incentive payment for

! The Best Management practices under this study ater §itips; Field borders; Grassed waterways; Wildlife
corridors; Critical area planting; and Compost facility.
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adoption equals the disutility associated with the abatloption, or until the time when benefits
from adoption outweigh the cost (punishment caused by sttinggulation) associated with
pollution generation.

The duration of time that a farmer decides to wait, Unatifhe adopts a practice, depends
on individual as well as other farm level charactasstAlthough, farmers are generally exposed
to these practices over time, they decide to adopirdnetice only after a certain time. Some
individual tend to be more interested on adopting thanretme some farm characteristic favor
some BMP adoption better than others. Thus, the ithdatiand farm specific characteristics
contribute differently on BMP adoption decision resgtinto individual specific heterogeneity
among BMP adoptions.

Furthermore, some individual or the farm level chargties favor multiple BMP
adoptions while others hinder the adoption of second/thirctipes. The occurrence of multiple
adoptions by the same individual generates correlatimng the practices by a particular
individual. The dependence among adoptions originates fredath that the events of BMP
adoptions share some characteristics that are un@dserwnmeasured at the time of survey.
For example, adoption of one BMP practice may makéh@n@doption more/less likely.

Studies have acknowledged the occurrence of multiple Bdtptions (Gillespiet al,
2007; Cooper, 2003; Dorfman, 1996). Gillespieal (2007) examines adoption decision of
sixteen best management practices while Cooper (2003) @rfichd (1996) examine five and
two BMPs. These studies failed to accommodate the iggendkence on adoption decision of
different management practices caused by individual spéaterogeneity or event (adoption)

dependence in their analysis.
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Thus, the most appealing issues that have been remaiaddrassed in the BMP
literature are dealing with correlation among adopti@ssed by individual specific
heterogeneity as well as event dependence. Studieg) fadlaccommodate such correlation
provide bias and inefficiency in the parameter estimatesr.efdre, the validity of the research
done without allowing the correlation among adoption d@assremains questionable.

Therefore, the main objective of this section iseégedop farm level model of BMP
adoption allowing the individual specific heterogenegyeell as the event dependence among
multiple BMP adoptions. | employ the duration model tdenstand what variables influence
farmers to wait and eventually decide to adopt the BMRs focus remains on the covariates
affecting the time to adopt BMP. While evaluating the inguat factors affecting the time to
adopt, this study accommodates the individual specifierbgeneity as well as event
dependence assumed to exist in the data set.

| employ the Cox proportional hazard model to evaluagdattors affecting the
diffusion of BMP. The analysis provides better estesaif the factors affecting the slow rate of
BMP adoption after correcting for the event dependencéetmiogeneity. More specifically

a) | employ variance corrected models which simply cdsréte covariance matrix

leading to more reliable hypothesis testing.

b) | employ shared frailty model to allow for the individplecific characteristic

(random effects).
c) Finally, I employ conditional frailty model to allowif the individual heterogeneity

as well as event dependence that occurs on multipléiadsp
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Il. LITERATURE REVIEW

BMP Adoptions

Most of the empirical work on the field of technologloation and technology diffusion
are focused on the field of technologies that enhancerdiigability of a firm (Abdulai and
Huffman, 2005). Adoption of new technologies designed to reithecadverse effect of
agricultural practices on natural resources has alsodéscus of recent studies.

A few examples include evaluating factors affecting BAdBption decision (Kinet al.
2005); effect of BMP adoption on farm profitability (Valenét al. 2004); incentive level to
enhance adoption of conservation practices (Cooper aing, K896; Devuyst and Ipe, 1999).
Some attempts have been made to examine the reasdtins $tow rate of BMP adoption
(Gillespieet al. 2007) from the perspective of evaluating the factors hinge¢he adoption
decision of a producer.

These studies conclude the farmers are less likelypéement in conservation practices
due to uncertain results, larger amount of investmentsleas feasible options when a planning
horizon is limited (Valentinet al, 2004). The age of farmers, scale of production and
productivity levels of farmers are also considered tman contributing factors of farmers’
decisions to adopt and implement the best managemactices (Rahelizatovo and Gillespie,
2004). In addition, uncertainty about soil conditions, pradadevels, associated profits and
risk taking behaviors of producers are also responsibléadoslow adoption rates of newer
technologies of farming practices (Isik and Khanna, 2003).

Most of the studies in the area of technology adogswociated with farming practices

often tend to use binomial or multinomial logit and prabodels (Dorfman, 1996: Neill and
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Lee, 2001; Cooper, 2003; Kiet al. 2005). These studies base their analysis on the individual’
adoption behavior at a particular point in time.

In general, BMP adoption should reveal a slow increasemgltin the initial stages —
eventually increasing, once the farmers become monéidamith the new practices.
Technology diffusion theory suggest that the adoptita iraproves at an increasing rate once
the individuals become better informed about the potdmiaefits — eventually slowing down
after a certain point, thus producing an S-shaped adoptioa.c

The existing studies neglect the dynamic aspects of BMRiadagnd fail to
accommodate the effects of regressors on the tinmegban adoption which is an important
element while studying the slow process of BMP adoptwen though the models explain why
some producers adopt/do not adopt at a given time, thelsrladke the examination of reasons
why some individuals adopt sooner or later than others.

Duration Analysis, Heterogeneity and Event Dependence

The duration or the failure time model examines the pettef BMP adoption and
diffusion along with evaluating the effects of indivillaaharacteristics on the timing of BMP
adoption. Duration analysis is originally employed iorbedical research (Hougard, 1995,
Duchateatet al, 2002). Recent use of this approach accommodates the stutdieenology
adoption (Karshena and Stoneman, 1993; Bapista 2000), ladwrecs (Han and Hausman,
1990: Addison and Pedro 2004; Anal. 2004), marketing research (Gonul and Srinivasan,
1993) and agricultural economics (Burtehal. 2003, Fuglie ad Kascak, 2003).

The duration model, in the context of farming technoladgption, evaluates the impact
of covariates on the time to adoption since the telolgydbecame available to farmers (Dadi,

2004). Dadi (2004) estimates adoption behavior of Ethiopianelie using the duration model.
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The estimates suggest timing of adoption is influenced bydemtive payment received by
farmers. The probability that a farm exits from theesiof non-adoption to adoption (represented
by a hazard rate) is influenced by the economic inceotigerved by farmers (Dadi, 2004). In
fact, the rate measures the proportion of adopters danpagticular time compared to those
who have not adopted until time

Similarly, the duration model used to evaluate the sliffit of conservational practices
supports a very slow rate of adoption (Fuglie and Kascak, 2D@8)sion patterns suggest
some factors have comparatively stronger effedteattrly stages of adoption process (Baptista,
2000) as compared to later stage. The pattern of adopterime is explained by the farm as
well as individual producer’s characteristics (Baptista, 2000)

Further, the timing of adoption is correlated within a geplgical area supporting the
notion that the surrounding farming operations also affexprocess of technology adoption
(Abdulai and Hufman, 2005). Also, the individuals beafedént individual or firm specific
characteristics that may generate a higher or l@adeption rate for some cases than others. For
example, a producer having varied level of soil charatiesior building structures may
influence the likelihood that they will adopt the BMP.

Some producers bearing similar characteristics tendhauve similarly on adoption
decision than others. Such behavior introduces heteragaoeoss individuals and correlation
within groups having similar characteristics. Sometimaesndividual may adopt more than one
BMP simultaneously. In such case, the adoptions@irelated within subject and are
heterogeneous among subjects.

Wei, Lin and Weissfeld (1989) illustrate an example thaluthes recurrence of tumors

on cancer patients. Their model assumes the patientd ask of developing multiple tumors

32



from the beginning. The same concept is borrowed icdnéext of BMP adoption where the
broiler producers are likely to adopt from the onseéBtf. The core concept is that the
adoption of one BMP may affect the happening of anottheptaon either positively or
negatively given the fact that these adoptions cooma the same individual. Thus, the event
occurrences share some unobserved characteristicsinfiividuals.

Current studies employing the hazard model allows thoselatons within a group and
heterogeneity among individuals through corrected varga(®ex-Steffensmeier and Zorn,
2002; Jensen and Ahlburg, 2004). These models correct the eacavariance matrix to
provide valid hypothesis testing. There are other setsidies which believe that the
heterogeneity and event dependence generate biased pamamdtegrefore need suitable
models to work for the issues. Shared frailty models haes suggested for allowing individual
heterogeneity (Hougaard, 1995; Duchatetal, 2002) and conditional frailty model for
allowing repeated event process (Box-Steffensnatiat, 2007).

Recently, the conditional frailty approach has beed userder to accommodate
individual heterogeneity as well as the multiple evepiededence. The model is suggested to
provide asymptotically unbiased and efficient estimates epiee of heterogeneity as well as
event dependence (Box-Steffensmeier and De Boef, 2006).r Asypenowledge the model is
employed in Medical (Box-Steffensmeier and De Boef, 2@0@) political research (Box-
Steffensmeieet al. 2007) and this study will be the first application in tieddf of economics.

[l. MODEL
Basic Model
The duration model has been used in agricultural technaldggtion and diffusion

literature by several authors (Dadi, 2004; Fuglie and Kascak Ba@3ista, 2000; Abdulai and
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Huffman 2005). It evaluates the impact of covariatethertime to adopt the BMP from the time
that it became available to farmers. Consider a skirofers are examined

from a time when the first BMP became availableétzero ), to a failure time , when a
farmer adopts a BMP; or to a censoring time (survey,time The observed time for an
individual is a random variable denoted by with an indicator . The takes

a value of one, if failure time is observed (adoption occurred before the survey) and ze
otherwise (censored). The main interest of time-to-aoloplata are (a) The survivor function,
defined as the probability that the adoption has not oatatréme , that is adoption has not

occurred until time

(b) The hazard functions of, which is defined as the probability that the spell is
completed at time given that it is not completed by anytime befare

" # $%&
%

(c) The cumulative density function of which is expressed as;
( %(

The duration models and the analysis of duration, in gérame formulated in terms of
hazard of failure or the distribution of duration of allspenoted by)-.

It is assumed that the variation in the distributbdthe duration is characterized by a
vector of+ explanatory variables- . ;, . . 12 In case of the proportional hazard
model, the hazard is expressed as a product of baselirme lasizbsome function that explains
how the risk of adoption is associated with the difieralues of covariates. The hazard function

of an 2 individual at time is thus expressed as;
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& 4 -
where, Is the baseline hazard function which provides the stwafhee hazard function.
The is assumed to be an unspecified baseline hazard correspoadin individual whose
covariates takes values of zero. In absence of degteff covariates on the hazard function, the
baseline hazard shows the value of risk common to allichehls. The baseline hazard explains
the duration dependence such as whether the hazard eaténalividual adopting a BMP
depends on the time that an individual has already spéme spell.

The4 -  represents a non-negative functions ofThe widely used functional form
for the hazard model as proposed by Cox (1972} is - 5 . The model that uses
exponential functional form of explanatory variablenglavith the baseline hazard is widely
known as the Cox proportional hazard model. Under thep@aportional hazard model, the
hazard function is expressed as;

&- 6 78 (3.1)
The vector7 represents unknown regression parameters explaining peadknce of hazard on
the explanatory variables. The corresponding survivaitian can be expressed as;

&- 6 78
where, 9.+: ; ( %(< represents the survival function of an individual whalte
covariates are equal to zeros. Assuming no ties amengvént times, the parameters can be

estimated by maximizing the partial likelihood functiorsaggested by Cox (1972)

N (3.2)
M/ *AS, Bc D-g7F '

35



N is observed duration. Computationally, maximizing theabthe likelihood function is more
convenient to obtain the maximum likelihood estimatestHer, the variance is obtained by

using second derivative of the likelihood function evaddait estimated coefficient.

o9TUV=T
PQIRF S————W
%P

Correlated Time-to-event Data

Correlated event times may occur due to recurrent eveaoegses such as multiple BMP
adoptions by an individual. In case of repeated occursgoerelation among the event times
can arise from the following two sources;

a) Individual Heterogeneity

Individual broiler producers bear different individual mmf specific characteristics,
some of which may be unknown, unmeasured or un-measuredh&riesearchers. Those
unobserved characteristics generate higher or lowewfatdoptions for some BMPs than
others. For example, producers have diverse level lodlsaiacteristics and building structures
which may influences the likelihood that they will adtdp BMP but either can’t be measured
or are unknown to the researcher at the time of ddkection. As a result, some producers tend
to adopt faster than others introducing heterogeneitysadgndividuals. Furthermore, a producer
who adopts one BMP may be more inclined or resisteaahbther BMP adoption. This fact
generates correlation among recurrent BMP adoptiotiseediming of those BMPs adoptions.

b) Event Dependence

In some time-to-event models, an occurrence of one Btiption may make successive

events more or less probable. For example, adoption@BMP may provide producers

incentive/disincentive to adopt another set based ontheywperceive the benefit/cost of

36



adopting previous BMP. In any case, the likelihood of adops a function of previous
occurrence inducing within individual level correlation agdime observations.

Thus, the correlation among events can either be produdeditiglual heterogeneity or
by event dependence or by both. In the presence of indieled heterogeneity or recurrence
of events, it is realistic to assume lack of independanueng individual events (Collet, 2003).
The correlation among event times violates the assampf independence assumed by the Cox
proportional hazard model. Failing to account for theetation among events and analyzing
correlated events produce biased and inefficient estir(taédly and Lim, 2000). Doing so
overstates the level of information that each obsemwarovides, leading to incorrect standard
errors. In addition, the analysis restricts the impaétcovariates to be the same across the
multiple events, while there may be different effdodsn one event to another.

The variance corrected models estimate the standargr@portional model and adjusts
the covariance matrix in order to allow for the ctatien due to repeated events and/or
individual heterogeneity. The Cox model provides consigstitnates to the population
parameters even in the presence of correlation. How#hescovariance matrix is inappropriate
for hypothesis testing (Lin and Wei 1989). One of the mad¢yw used variance corrected
models is a model developed by Wei et al. (1989). The mddelsamultiple events to have
different baseline hazards so that the hazard funcaordiffer from the first BMP adoption to
the second BMP adoption and so on.

Each individual farmer is considered to be at risk fiotha consequent events from the
beginning. More specifically, individual farmers areisk set of adopting all available BMPs at
all the time prior to the occurrence of that particelaent. The observations are then stratified

based on the number of adoptions occurred. A separseérimahazard is constructed for the first
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adoption then the second and so on. However, thetefhé covariates are assumed to be
constant over the different events.

The Cox proportional hazard model changes into thevialip expression while allowing
for stratification based on event occurrence. Theviddal farmers are stratified inid(Z

[[\ available set of BMPs) categories based on the nuailigviPs adopted.

A Ker
=7 >L > b 2 I'- ~a7 J 3.3
M/ cM/ A(E3H| A{:IHI Be]* - @7 ( )

The variance corrected model takes account of thaamefty contributed by the
heterogeneity through correcting the standard errors. Hawthe approach fails to incorporate
the heterogeneity effect on the estimates and theréfe estimates remain inconsistent (Kelley
and Lim 2000).

The frailty model incorporates the heterogeneity ineortiodel estimators by treating the
frailty term as random draws from a known parametstrithution. Experiencing an event is
assumed to be independent of the chosen distributionfrdittes are unobserved random effect
across individuals and are assumed to be constantioefar a particular individual. The
model also treats the correlation due to repeated easr@special case of more general
heterogeneity induced by the individual specific charastiesi (Box- Steffensmeier , 2007;
Vaupel, 1979).

With the inclusion of random effects in the proporibhazard model, the hazard rate
equation changes as follows;

c & ¢ 6 .7%d 8 (3.4)
where, d is the vector of random effects or frailty fof individual andZ is the number of

possible events for each individual.
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The frailty models have been criticized because dingcsufficient theoretical support
on choosing a particular parametric distribution. Addiilly, the estimates are generally
sensitive to the selected error distribution (Kosarbll. 2004). The random effects model can
be presented in the following form so as to make edsistiration of functional form of the
random effects;

&- 6 .78efg d ( 6 .78
The random effects are assumed to have gamma distnldoti which the probability density

. ) jk Bo
function is expressed ds; ( —,_l—nﬁ
pk s

.The interest here is on the variance of the random

effects PQ!d , which is used to explain heterogeneity. For gammaildision variance is
assumed to bBQ! ( g .
Now, the likelihood function for the model, conditidoa the random effects becomes;

=7 >L 2 “@’'s @ ‘e
MIPAC, By DeT7rs &

(3.5)

In fact, both the variance-corrected proportionabindznodel as well as random effects
model has been used in order to account for the correlegatsgJensen and Ahlburg, 2004;
Box-Steffensmeier and Zorn, 2002). Table 3.1 shows theyabildifferent models to handle the
heterogeneity and event dependence.

To allow within subject correlation through event dependeswell as the individual
heterogeneity, there is a need to develop a new modélsimodel, event dependence is
controlled through “event based stratification” anduhebserved heterogeneity through
inclusion of a random factor in the model (Box-Steffensmet al. 2007). This new model is
called the conditional frailty model which originatesing gap time where the parameters are
interpreted in terms being at the risk 8fdvent after the occurrence of previous one.

39



The hazard of observind'levent for ' individual is then expressed as (Box-

Steffensmeieet al. 2007);
¢ & c X/ 6 .7%d 8 (3.6)

where, k represents the number of events (BMP ad@ptibat an individual producers
experience. . is the baseline hazard rate that varies with the nuofievents that an
individual experiences. cx/ represents a gap time frodh " event occurrence @"
event occurrence. Tk represents an unknown vector of random effects iboed by
individuals and each individual contain a random effeat is\shared within recurrent events.
Then the partial likelihood of the event occurrenceobees;

K@‘

-@7rs
- 7 > L > b Lo ] @ @
M/ cM/ AG
A A Bew -@7's e

(3.7)

Table 3.1: Alternative models, their abilities to handle hetrogeneity and event correlation,
their pitfalls and advantage

Does it handle

Models Event Pitfall of  Advantage of the
Heterogeneity  correlation the model model

Cox-proportional No No Assumption Easy to estimate
Hazard model not met
Variance Corrected No Yes Inconsistent Comparatively
model 1 Efficient Estimates
Variance Corrected No Yes Inconsistent Comparatively
model 2 Efficient Estimates
Frailty Model Yes No Large Reduced bias
standard
errors.
Conditional Frailty Yes Yes Large Asymptotically
Model standard consistent and
errors efficient estimates

Note: Variance corrected model 1 corrects variancejudirster corrected robust standard errors. Variance
corrected model 2 is developed by Weal (1989) which creates a separate baseline hazard foeeath
occurrence.
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V. DATA

The state of interest in this chapter is non-adoptiomrchvis defined as the state at which
an individual is at the risk of adoption. And the evenintdrest is the exit from non-adoption to
the adoption of the practice. The duration of adoptiartsfrom the first recorded adoption of a
practice (Karshenas and Stoneman, 1993) and ends when\aduabeither adopts a practice
from a set of BMPs or is censored. The spells thae wet completed before the survey
(summer 2004) were considered to be censored. The non edaeensored at the calendar
year of 2004 when the survey was conducted.

The time starting from the year 1954 to the time of adopir time of censor is
considered to be the dependent variables for the modeaptdre the conditional frailty model
(Karshenas and Stoneman, 1993; Fuglie and Kascak, 2003)mkhthét a farmer waits before
adopting a BMP is measured by the number of years elapsedtke introduction of BMP
(assuming first BMP was introduced in 1954).

The conditional frailty model requires data organized different format than the other
models require. The setting of the data for the candhifrailty model is listed in the Appendix
B. The repeated adoptions of BMP are assumed to beae&acarof events. Under the case of
BMP adoption, a recurrence of event is defined as “teatexccurrence where an individual

adopts BMP/s more than once in his farming period or uhe@estudy period”.

The data used in this section comprise 88 broiler produgdgr&Wevents of interest
(adoptions). Farmers are assumed to be exposed toadlxide BMPs once they became
available or the producer entered the firm. The produckosentered the business later than
1954 entered the risk set as soon as they entered the buyfladset al, 2004). For late entrants

the duration variable counted from the year they stamtéake broiler industry to the year they
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adopted the BMP/censored at the time of surveys Bhibecause the BMP practices were already
available when the individual entered the busiraskthey started to be at risk as soon as they

entered the business.

Figure 3.1: Total number of BMP adoptions over theyears

There were six best management practices avaibaitdaggested to the produceidhe
best management practices available or suggestéd froducers are included in the survey and

are listed as follows:;

Filter strips: Filter strips are designed for removing or blogkihe sediments and other
nutrient pollutants from runoff. The strips are #rea of vegetation adjacent to the stream if
there is one near or on the farm. The vegetatiyesstlso increase the nutrient intake reducing
the leaching of excessive nutrients from the ftelthe water sources. The cost of adopting this

practice is 210 dollars per acre (2003)
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Field borders: Field boarders are the strips of perennial vegetatlanted on the edge
of the fields. The borders are designed to cosediment runoff which carries excessive
phosphorus from the field to the water-bodies. Adwopcost per ft is about 0.10 dollars (2003).

Grassed waterways: The grassed waterways are natural or construcespbtative
channel designed to stabilize the surface rundfie §rassed waterways help to prevent the
nutrient flow through sediment erosion. The estedatost of adoption is 2400 dollars per acre.

Wildlife Corridors: These are designed to creating restoring and emuanvildlife
habitat. The estimated cost of adoption is 25 deler acre.

Critical area planting: Critical area planting represents the plantatibias are designed
for reducing erosion from highly erodible fieldsdathe fields with greater slope (find better

words).

Figure 3.2: Percentage of Broiler Producers Adoptig Best Management Practices
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Compost facilities: The facilities convert organic matter, such as dry pylitter, dead
chickens or other poultry wastes into more uniform and delssed substance. The estimated
cost of building 6-bin composting facility is 18,000. Figuresh@ws the percentage of broiler
producers implementing different BMPs.

Explanatory Variables

a) Farm Characteristics

_Number of broilers represents the total number of brobikels raised by an individual
producer in 2003. The numbers are divided by 1000 for easier cdiopatgurpose. The larger
the number of birds implies a larger production level. pitwaluction size is found to be
positively related to the technology adoption (Karskearad Stoneman, 1993) including BMP
adoption (Rahelizatovo and Gillespie, 2004).

Farm income is defined as the income associated witlebpsoduction. Producers with
higher farm income are more likely to adopt BMP (Gplest al., 2007). In this study, farm
income is defined as a dummy variable to indicate whetli@rm is earning a positive or a
negative profit. Positive profit provides a financial flakiy to the producers to be willing to
adopt BMP.

b) Information Dissemination

The producers who have better information regarding BMferethrough education or
exposition to the extension services are more likebdmpt BMP (Koundouret al.,2006).
Level of educatiomnd contact with extension agents are employed to capieffect of
information accessibility on BMP adoption. Educatioa dummy variable indicating whether

an individual holds at least a college degree.
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Contact with extension agemss constructed using the information obtained indicating
whether an individual has visited the extension ageritseitast year. The variable is then used
as a proxy for his/her general contact with the extensgovice providers. The variable
represents whether an individual has visited extensiomsge have been visited by the agents
in the previous year. Individual producers who are expostetextension service are aware
about BMPs. Both the education (Gillespteal,, 2007) and contact with extension agents are
assumed to be positively affecting the BMP adoption (ldouni et al.,2006).

c) Demographic Variables

Farmer’s own characteristics play a major rolena ¢hoice of technology adoption. The
variable, Age, provides mixed result. Age is positively esged with the likelihood of BMP
adoption (Gillespiest al, 2007), while it is negatively related with irrigation teclogy
adoption (Koundourét al.,2006). Younger farmers are found to be more knowledgeable and
more risk taking due to longer planning horizons, and thexgéye more likely to adopt BMP
(Adesina and Zinnah, 1993).

Years of being in farming is considered to be an impofetbr on adoption decision
(Gillespieet al, 2007). Studies consider number of years in the busisesgarience of an
individual producer. However, in absence of successosaunge the coefficient associated with
this variable may have a negative sign. This is becaadenger the time in the business, it is
more likely that the producers retire from the busin€be existing literatures, however, show a
positive relationship of experience with the likelihoochdbption (Adesina and Zinnah, 1993).
Therefore, the coefficient associated with this \@eianay show either a positive or negative

sign.
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Business ownership is a dummy variable indicating whetteefitm is individually or
family owned. Individually owned businesses are moreylikeladopt erosion and sediment
control BMPs. Having family members to take over thermss, once the producer is retired,
extends the planning horizon. Thus having descendants tow®tii@ business is hypothesized
to be positively related to the BMP adoption (Gillesgtial, 2007).

d) Policy Variable:

Policy variable is created as a dummy representing whetbexdoption was before the
initiation of the cost-share program in 1996. Economiemtiges associated with the adoption
increases the likelihood of technology adoption (Karshema Stoneman, 1993).

Table 3.2: Summary statistics of variables used

Variables Obs. Mean Std.dev. Min Max
Number of broilers/1000 528455.38 288.56 18 1900
Age of farmer at the time of survey 52252.95 1258 23 79
At least collage education =1 528 0.80 0.272 0 1
Individual ownership=0 otherwise=1 4921.012 0.109 0 1
Number of years in the business 52819.53 12.51 0 57
Income from broiler production positive income=1  51.894 0.307 0 1
Descendants to continue farming after retire 456.171 0.367 0 1
Adoption after 1996=1 otherwise=0 5000.954 0.209 0 1
Contact with extension agent =1 otherwise=0 522.586 493 0 1
Calendar year of adoption 500 1954 2004
Duration from base year to adoption year or censor  50@.35 12.19 0 50

Note: There were 88 observation points obtained frastivey. With the individuals being at risk of adop
six different practices within a set of BMP, the tatamber of observation becomes 528.
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V. RESULT AND DISCUSSION
The duration models presented above are estimated tonexdra time taken by broiler
producers to adopt BMP given its availability. The timadoption is considered to be a
function of individual producer specific as well as fapecific characteristics. The model
estimates the probability of a producer adopting a BM®rticular time given that the
producer hasn’'t adopted until time

Table 3.3: Variance corrected models for BMP adoption (Cox igression model)

Variables Coefficients Hazard ratio
Broiler numbers 0.002” 1.002
(0.0007)
Experience -0.020 0.980
(0.025)
Education 0.464 1.591
(0.631)
Age 0.002 1.001
(.0008)
Farm income 0.114 1.011
(0.375)
Contd. after retirement 0.557 1.745
(0.589)
Ownership -1.049 .0350
(0.818)
Policy -3.500" 0.301
(0.414)
Contact with extension agent 1.297" 3.659
(0.497)
Wald test 113.99”
Log likelihood -147.952

Note: ~,” and” represents the significance level at 0.10, 0.05 andréspctively
The numbers in parenthesis are robust standard errors.
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Results from two variance corrected models are predent table 3.3 and 3.4. The
results for two frailty models are presented on tableaBdb3.6. The tables present coefficient
estimates and their standard errors with hazard ratiesfirst table (Table 3.3) presents the
result for the Cox proportion hazard model with clustarected robust standard errors. The
cluster corrected variance matrix is robust to any kinidtra cluster correlation and arbitrary
heterogeneity, given that the number of observaimnslatively larger than the number of
groups (Wooldridge, 2002: page: 300). The second column preseheztrd ratio.

Table 3.4 contains results for the marginal model of Wiaiand Weissfeld (1989). The
Wei, Lin and Weissfeld (WLW) model allows separateehas hazards for each event
occurrence. In addition, it allows all the individuadsoe “at risk” of adopting any of the
available BMPs from the beginning of the observatiompleinndividual heterogeneity is taken
into account by using cluster corrected variance and thenai®ns are stratified to allow for
different baseline hazards for each BMP adopted.

In presence of individual level heterogeneity, variarareection models may not suffice
to provide reliable parameter estimates since the modetoniects the variance-covariance
matrix and provides better hypothesis testing. Box-Stefferesmt al. (2007) suggested using a
random effect model in order to estimate consistentpetexs. Their study claims a significant
improvement on model performance while using the frailbgleh | therefore estimate frailty
models which are presented on table 3.5 and table 3.6. Tiherfradels account for the
individual level heterogeneity assumed to exist among ichaé producers and event

dependence within an individual's recurrent adoptions.
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Table 3.4: Variance correction models for BMP adoption (WLW nodel)

Variables Coefficients Hazard ratio
Broiler numbers 0.002” 1.002
(0.001)
Experience -0.032 0.968
(0.028)
Education 0.093 1.593
(0.391)
Age 0021 1.002
(.001)
Farm income 0.093 1.097
(0.391)
Contd. after retirement 0.340 1.406
(0.637)
Ownership -0.852 0.426
(0.789)
Policy -1.755" 0.173
(0.574)
Contact with extension agent 1.403
(0.501) 4.066
Wald test 61.05"
Log likelihood -96.026

Note: ~,” and~ stands for the variable is significant at 0.10, 0.05G0d percent level of significance
respectively.

The first column in table 3.5 contains estimates ferdimared frailty model and the
second column provides the hazard ratio associated witmolaels. The model incorporates
variations across individuals, which are unaccountedHterinclusion of observed variables.
These unobserved variations affect an individual’sesutdaility to adopt BMP. The
heterogeneity originates from the fact that some idd&ds are more susceptible to hazard of
adoption than others; however, the measured variablés &ccount for those characteristics
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causing the variations on adoption. Some producers alex f@ihe adoption due to such
unmeasured/unknown factors. The random effect parametedad in the model absorbs the
unknown factor causing heterogeneity in the BMP adopiibas the presence of unmeasured
variation can be determined by the inclusion of theleameffects in the model. Since there are
multiple adoptions by one individual there, effects ahserved characteristics are shared by
different adoptions.

A Likelihood ratio test is carried out to examine thespree of heterogeneity. The test
statistics measures whether the variance of the raeffent (let’'s denote it by) term is greater
than zero. The result from likelihood test foshows variance of the random effect is greater
than zero at 0.05 percent level of significance. Theltrexlicates the presence of the random
effect. This result suggests that the unobserved hetezibgenaffecting the models where the
random effect might have originated from the individuaehmgeneity or by event dependence.

Furthermore, event dependence is suspected as the da&ts fcom the same individual
who may become more susceptible or resistant to adogitier adopting one BMP. In addition,
no theory or the analysis guides about the source afegreariance estimate of the random
effect parameter. The random effect can either b fndividual heterogeneity or from event
dependence.

A conditional frailty model is employed to allow fdre event dependence. The model
estimates different baseline hazards for each successwe. In addition, the model accounts
for the heterogeneity by allowing the estimation ofian effect parameter into the model. The
conditional frailty model reduces bias in estimated patarms and/or reduces the size of variance
of random effect\), as compared to variance corrected and shared fraltieis (Box-

Steffensmeieet al, 2007).
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Table 3.5: Individual heterogeneity model for BMP adoption (Shaed frailty model)

Coefficients

Variables (Robust Std. Err) Hazard. Ratio

Broiler numbers 0.002 1.002
(.001)

Experience -0.090™ 0.914
(0.036)

Education 0.383 1.466
(0.872)

Age 0.002 1.002
(0.001)

Farm income 0.304 1.356
(0.351)

Contd. after retirement 0.486 1.625
(0.699)

Ownership -2.685 0.068
(2.192)

Policy -4.669" .009
(0.627)

Contact with extension agent 1.287 3.625
(0.605)
Theta 1.141

Wald test 60.64"

Log likelihood -146.576

Shared frailty model: LR test of theta = 2.75 Prob>w’chibar2 = 0.049

Note: ~,” and” stands for the variable is significant at 0.10, 0.05G0d percent level of significance
respectively.

Table 3.6 presents the result obtained from the conditivailty model as suggested by
(Box-Steffensmeier and De Boef, 2006). The conditioraalkyr model is estimated using the R

software, as STATA and SAS lack the built-in functiorperform a conditional frailty analysis.
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Once the observations are stratified based on eventg,the conditional frailty model, the
estimated variance of the random effect reduces to 3ach result indicates the heterogeneity
in the model is contributed by event dependence. The Varggnce of random factors appeared
in the shared frailty model disappeared with conditidrzalty model. The result thus supports
the fact that the main source of within subject conaawas contributed by event dependence.

Hence, the result from conditional frailty model isdise interpret the results. Once
heterogeneity as well as the event dependence is aeddont the estimated beta coefficients
are interpreted as “estimated change in logarithm ofrlaaéio due to one unit change in a
covariate” (Collett 2003; page 90). So, the hazard ratixithg from the state of non-adoption
is! * Xx¥zwhen. changes by units. The hazard ratios are used to test the hypotHesis o
impact of the covariates on hazard of adoption. Tharbdaatio, greater (smaller) than one, is
equivalent to the positive (negative) sign of the cokffits.

The size of farming is probably the most prominent variahléechnology adoption
literatures (Abdulai and Huffman, 2005; Dadial. 2004; Dorfman, 1996, Adesina and Zinnah,
1993). The variable is positively related to the adoptiomsaest(Adesina and Zinnah, 1993;
Abdulai and Huffman, 2005). In this study, number of birdsesgnts the size of farming. The
farm size shows a positive effect on hazard of adop@ure unit in broiler number in the
analysis represent 1000 birds so, one unit increase inranaieber increases the conditional
probability of adoption by 0.1 %. The result indicates thuration of adoption decreases with
increase in the size of production. Thus the resultigaphat the larger firms are early adopters.

Theexperiencen the business represents the years that an indivsgeak on broiler
production. The variable is negative and significanttahgpercent level of significance. One

year increase in year that an individual spent onifagrdecreases the hazard of adoption by four
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percent (1-.959=0.041). The significant negative impact osygagnt on farming implies that an
individual who is involved in farming for many years tendsvéot longer to adopt a best
management practice to reduce water pollution. Thetriesplies that these individuals spent
long enough in the broiler business and are ready te fedim farming. Therefore, these
individuals are less likely to adopt the technology. Adesind Zinnah, (1993) also finds the
effect ofnumber of years in the farmirig be insignificant on adoption of rice variety.

The significant positive effect @bntact with extension ageon the likelihood of BMP
adoption (hazard greater than one) indicates thdirthker producers who meet extension agents
are more likely to adopt BMP as compared to those whaotlol he producers exposed to
information through extension agents have conditipnaability of adoption which is 1.32
times greater than those not exposed to extensionsa@drdulai and Huffman, 2005; Baptista,
2000).

Age of an individual producer is found to be significantfgeting the adoption of other
technology (Dadet al. 2004) as well as BMP (Gillespet al.,2007). The age variable on
technology adoption has been providing mixed effect eralitires. The younger individuals are
more likely to adopt new irrigation technology (Koundaetr al 2006). However, older
individuals are more likely to adopt BMP to reduce nutrpoilution (Gillespieet al.,2007).

The age variable in this study shows significant (at @1€l) with a positive sign indicating
older broiler producer are earlier adopters.

Ownership of farming practices has been found to influéme@doption decision of
technology (Rahelizatovo, 2002; Gillesieal., 2007). If the production is an individual
operation, the conditional probability of adopting a tedbgp is higher as compared to the

others. Gillespiet al. (2007) also finds positive effect on adoption if a faroiyns the farm.
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Table 3.6: Event dependence and heterogeneity models for BMidoption (Conditional

frailty model)

Coefficients Haz. Ratio

Variable (Robust Std. Err)

Broiler numbers 0.0013 1.001
(.0007)

Experience -0.032 0.959
(0.018)

Education 0.087 1.092
(0.632)

Age 0.031 1.031
(0.018)

Farm income 0.558 1.748
(0.376)

Contd. after retirement 0.311 1.365
(0.479)

Ownership 1.310 3.709
(0.801)

Policy -1.091 0.336
(0.577)

Contact with extension agent 0.843"
(0.307) 2.323

Theta 0.00

Wald test 21.7"7

Log likelihood -117.5

R square 0.186

Note: ~,” and” stands for the variable is significant at 0.10, 0.05G0d percent level of significance

respectively.

Policy dummy to measure the effect of changes in ingeptyment as a cost-share is

found to be highly negative. The unexpected result of thi ta some extent was contributed

by the within-subject correlation. This is because thenihade of negative effect reduced to
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1.09 from 4.669. | therefore, presume that there mighther oinobserved factors that affected
this factor to be negative (Dagli al. 2004).

While comparing estimates from the shared frailty medti the conditional frailty
model the only significant change is found in ownership eftisiness. The variable changes
the sign going from shared frailty to the conditiomallfy model. In addition, the magnitude of
negative policy effect becomes smaller on conditidrzalty model.

VI.  CONCLUSION

A slow rate of BMP adoption has been a serious coreeong policy makers. Even
more, the increasingly stringent government regulataenldeen a fear factor for the producers to
adopt BMPs. The existing literature on BMP adoptiouBses the factors affecting the
adoption decision of agricultural producers. Howevegils to accommodate the factors related
to the diffusion process of BMPs over time. | exardindny some producers adopt BMP faster
than others and what kind of factors affect the timadwoption decision. | employed a duration
model which accounts for the censored observation. Iti@ddihe model also permits an
evaluation of the impact of farm and individual charadiiesson the duration of adoption from
the time when the BMP became available.

The most appealing issue appeared, was the occurrencetipieradoptions by some
broiler producers. The correlation among BMP adoptioayg arise from individual level
heterogeneity and/or from event dependence in the peesémnaultiple adoptions. In order to
accommodate the correlation, | employed the variancesction approach which corrected the
variance covariance matrix to provide better hypothesiste

| allowed individual level heterogeneity to enter thedeiaas a random factor. The result

showed a presence of heterogeneity by providing the larganearof the random factor which
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entered in the third model (result of which is on tabtg.3[he significantly greater variance for
the random factor suggested the estimates may not teetsince they are affected by the
presence of heterogeneity and/or event dependence.

The larger variance only suggests the presence of randiech ledit fails to indicate
where the random effect comes from. The random efifiegt either be from individual
heterogeneity or from event dependence. | therefonea mnditional frailty model, as suggested
by Box-Steffensmeier (2006), which is assumed to correctthetheterogeneity and event
dependence allowing different baseline hazards for diffenk of adoption.

The result showed that the longer the farmers speidadlier production the less likely
they are to adopt BMPs which are the investment on thgrams that are designed for long
term goals. Larger and more informative farmers, thraagitact with extension agents and
education, are early adopters of the new managemenicpgeadEven though the result did not
show significant difference on parameter estimate®s & four models, the parameter estimates
from conditional frailty models are assumed to be meliable than the estimates from other
models.

The study found that the estimates suffered from rarefant (frailty) which should be
taken into consideration while evaluating the factors@ated with slow rate of BMP adoption.
The scope of this approach can be extended to other Kitelshmology adoptions in the areas
of agriculture, for example, adoption of cost minimgirrigation technology.
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CHAPTER FOUR

IS PRODUCTION TERMINATION A GOOD POLLUTION CONTROL
ALTERNATIVE? AN ASSESSMENT OF WILLINGNESS TO ACCEPT VALUES BY
BROILER PRODUCERS

l. INTRODUCTION

Incentive payments have been a popular policy instrumenttivate agricultural
producers toward employing environmentally friendly productiostpres. Wetlands Reserve
Program (WRP), Conservation Reserve Program (CRB)Eamronmental Quality Incentive
Program (EQIP) are the major examples of the incemtayments to support producers to
employ environmentally friendly agricultural practices.

The EQIP is established to provide technical and finasagort to the farmers who
agree to adopt environmentally friendly production practi€dassen and Horan, 2000). The
CRP encouraged the farmers to terminate the commaaitiuption (either by switching to tree
or perennial grass planting or by idling the land) througlntive payments primarily to reduce
soil erosion and other negative impacts on ecosystem.

Other programs such as payment for restricted water uagraultural production, as
implemented by the state of Georgia and the Dairy Tetmm&rogram (DTP) are additional
examples where farmers are paid to reduce production amoaoulkivated acres. The Draught
Protection Act of Georgia pays farmers who voluntamithdraw irrigation permit in lieu of
compensation to increase water flow in a river. Orother hand, the DTP of 1986-1987 offered
incentive payments to milk producers who were willing to redunitle production either
temporarily (at least for five years) or permanently.

All of these programs provided incentive payments to thedes participating
voluntarily in production termination programs or environta#éy friendly agricultural

practices. Although, the goal of these programs could béhamge (reducing erosion in CRP,
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reducing water use in agriculture in Georgia’s ground wagerincentive program, reducing
dairy cows numbers in DTP), but these programs resolteer benefits too (increasing
commodity prices in CRP, water conservation and reglu@ti crop output in Georgia).

A similar concept of incentive payments for productemtination can be borrowed to
mitigate water pollution problems associated with brgl@duction in Louisiana. Thus, the
main focus of this chapter remains on the productiorragbptogram with a direct consequence
of reducing pollution in a given watershed. Incentive payrngea viable option to motivate
Louisiana broiler producers to terminate (permanentlgmporarily) the broiler production and
help reduce the water pollution in environmentally senséngas. Additionally, the incentive
payments help farmers to balance farm income while ngedtéenvironmental goal.

The question remains on how to estimate the dollar antbantepresents producers’
desired level of incentive that encourages them to pgaatein a production termination
program in order to mitigate water pollution in a wabed. In fact, it is difficult to obtain a
dollar value that a producer desires to receive to termthat production practices. The dollar
amount that encourages producers can’'t be obtained thraargktiransactions. Contingent
valuation studies are designed to assess the amoungflbats a minimum monetary amount
required by the producers to relinquish one unit of broiledyecton from their current operation
level. The value is assumed to represent an amount@ftive payment that the farmers require
if they were to incorporate pollution reduction effaststheir production process. The payment
level is evaluated based on farmer’s household incdre&,gerception about the governmental
role on pollution control, and other farm characterssti

In order to examine the farmer’s desired level of ingemequirement, a clear

understanding of their utility function is required. Ibiscause a producer should be paid the
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amount that leaves him/her at least indifferent tioegicontinue (remain on same level of utility)
or to terminate the production practices (move to a néity lével with additional income in the
form of incentive). | examine producers’ willing to accéMI{A) amount which suffices the
producers to terminate their production practices and movedwvaitility level.

It is assumed that by terminating the broiler productib@,problem of nutrient pollution
can be mitigated through reduced level of broiler lifRerducing? litter production could be
one of the viable alternatives to save Louisiana whegls adjacent to and encompassing broiler
production parishes from nutrient pollution. This chaptghlghts the WTA value elicitation
and examination under the hypothetical but potential govertaheolicy of production
termination for pollution reduction.

This chapter is based on the assumption that the s$taeint of an appropriate baseline
incentive payment is important in order to avoid negatiresequences of incentive payments
on either production process or in environmental servieasthe purpose, it becomes
imperative to understand the underlying factors that imp&camount of incentive payments
that the broiler producers require. I, therefore, esgmaNTA function based on the survey data
collected from Louisiana broiler producers.

. LITERATURE REVIEW

Generally speaking, farmers fail to implement envirorsagnsound production
practices because of the perception that pollution rexfuefforts provide low personal benefit-
cost ratio. In addition, if negative externalitiesrfr farming operations are not properly
penalized; farmers are less likely to incorporate thisreality in the production function as they

are not liable for the pollution abatement cost. Undeh €ircumstances, one of the approaches

12 phytase can be added in the broiler diet which regimesphorus content in litter (Bosch et al. 1997 JAAE),
however, this may not be sufficient to reduce nutrieriupoh in a given watershed.
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to mitigate the water pollution problem is through providioyernment incentive payments to
encourage farmers’ production practices with minimum enuiental effect (Cooper, 1997,
Batie, 1999; Classen and Horan, 2000). If the incentive paysieabstantial, the likelihood of
farmers’ participation as well as the acreage erdalle environmentally friendly production
practices (Cooper, 1997) becomes significant.

Broiler farmers are willing to participate in the programmdy if the size of the incentive
payment covers the full cost of participation (Classed Horan, 2000). Wossink and Swinton
(2007) examined the cost of producing environmental servicesstlilg showed how
complementary or substitutive relationships changedbkeaf producing environmental
services. Producing environmental service as complementangirket good costs less to the
producers as compared to the ones produced as substitutesarehmiduced outside of
agricultural practices (Wossink and Swinton, 2007). Thug, shedy supports the idea of
bringing the farmer on pollution control programs withsantial amount of incentive payment.

However, recognizing an appropriate amount of incentive paybemomes difficult.
Establishing the incentive payment based on individuals’ ptaduftinction becomes
inappropriate because of the varied nature of productionidumd he production cost of
environmental service depends on farm characteristicsagigbographic areas, soil type etc.
making the prediction difficult (Classen and Horan, 2000).

The next approach of estimating the incentive paymentndispean return from
agricultural land (Shaikkt al. 2007). Relying on the amount of return also becomes
inappropriate since it fails to accommodate nonmarket valisgsattitudes and unobservable
transaction cost. Thus, determining the baseline paymeatied by producers in response to

establishing environmentally friendly production practicesobses a difficult task.
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The measure of WTA has widely been used to evaluate caa@mrequirement to
keep an individual's utility at his/her desired level. Thethod is extensively used for the goods
lacking a clear market for the good in question. EitheP/dF WTA can be employed to elicit
the value that an individual assign for the goods.

Goldar and Misra (2001) estimated resident’s WTA values teedse the number of
trees in a public park, while, Brat al. (2003) estimated the values in the context of water
pollution reduction. The majority of the existing litarsg focuses on estimating incentive
payments for environmentally sound production or land useiggacFew examples included
the studies on land conservation (Amigeesal.,2002); forest and habitat development (Klate
al., 2000; Shaiklet al.,2007); water pollution reduction practices (Cooper, 1997; Btat,
2003).

WTA produce valid estimates of individual’s true compensatémuired to encourage
adoption of environment friendly management practicesd@@@nd Misra, 2001). Shaildt al.
(2007) employed WTA measures to evaluate the compensatjoina@ by farmers in order to
convert marginal land into forest for carbon sequestrafihe study found the lower value of
WTA as compared to the value obtained by another approheir. study concluded that the
value elicitation using WTA benefits the government withiourting the utility of producers,
while setting up the incentive payments.

The WTA values elicited using a contingent valuatiamtéque raises the issues of
hypothetical bias. Studies have focused on the appropppteaches to deal with the
hypothetical bias under the field (Goldar and Misra, 200Wedlsas experimental settings (Nape
et al.2003). Under a field setting, Golder and Misra (2001) suggestegl aisunctional form

that accommodates positive bias along with random trobtain valid estimates for WTA.
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On the other hand, Naje al. (2003) conducted an experiment to examine the presence
of hypothetical bias on WTA value. The study found sigaificpresence of bias on hypothetical
market setting where individuals do not own the good in guestvhile the bias was not
significant if the individuals possessed the good in quebadore the experiment started (Nape
et al.2003). Thus the result implied that the hypothetical Isidssis if the concern is over a good
which an individual possesses. | closely followed theircept on setting up the hypothetical
market scenario (more will be discussed in the Methotiosg and involved a good in question
that the farmer possess. | reduce such bias by incorppth@rfarmers owned good (the broiler
production in which the individual's livelihood is based}he hypothetical market description.

The contingent valuation approach is often condemnedifitirgy the values that fail to
represent the true WTP/WTA. In addition to hypotheticaspzero bid value is very common
for contingent valuation studies either at open endgmhpment card option (Bowket al.

2003, Goodwiret al. 1993). Failure to accommodate zero and missing values produgele sa
selection bias leading to biased and inconsistent paraestieates.

Bowkeret al. (2003) and Goodwiet al. (1993) treated zero bids as if the data was
censored at zero and employed a tobit model to estimateBdTfEnction. However, under the
contingent valuation scenario, the zero responsethamesult of non-observability rather than
the true censoring (where the censoring at zero mays&mrsome negative values). In that
case, the use of a tobit model becomes inappropriate (@egand Zeng, 1999).

Strazzeraet al. (2003) allowed the zero values by estimating the modelanstages. The
study employed a two-stage simultaneous equation model &ctéor the bias caused by the
zero responses. Similarly, in response to the existag Bimigue®t al. (2002) permits the zero

responses by estimating the model in two stages. The f&tudg that the estimated hypothetical
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WTP value better represented the true willingness to payatmvhen the zero responses were
treated separately in the model.

In general, the elicitation of a WTA value has beea@epted approach to assign
monetary values for nonmarket goods, if estimated usirappropriate methodology. Thus, this
chapter evaluates the WTA values that encourage bprdelucers to participate in pollution
reduction programs through production termination. This seeiicommodates a heckman’s
sample selection model to allow bias.

[l. MODEL

Economic Model for WTA

Broiler production is assumed to be a component of an dwhVs utility function as it
generates a portion or whole of their income and providekhlood. Thus, terminating the
existing production practices directly affect the indivickiatility level. Therefore, a utility
theoretic approach is preferred to examine broiler prottupegferences over current production
level or reduced production level with an additional incah@/TA value.

The farmers are considered to have strictly quasicongditg function defined over a
guantity constrained good (flocks of broiler), a non-t@nsed good (numerarie) and money
income{ . The{ represents the individual's household income considtéd o as well as off-
farm incomes. A broiler producer’s utility function tlEtcommodates an environmental
component, respondent’s socioeconomic characteaistigpayment option is expressed as;
1V~ {$e ) € (4.1)
| } « defines a broiler producer preferences over market goodsated quality improvement
through reduction in litter production (measured by redudtiggroduction size)- is a vector of

variables containing farmer’s as well as farm charaties ands! represents the WTA amount
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under the proposed policy. takes the value of zero under the current conditioredimere has
been no effort made to reduce pollution production, thusaages in income is requireg!
represents the water quality which is assumed to betlglisftected by production termination.

The broiler producers are now expected to maximize thiéiiy diinction | } with respect
to a constrained budget. However, the individual is facéll tvé two options, whether to
produce at the current scale or terminate the productamtipes with $I as an incentive
payment. The reduced broiler production is expected to rediigent pollution production and
help to obtain better water qualit§’().

The utility maximizing individuals desires to receive acentive level that leaves
him/her at least better off as he was before thagdhan production. Suppogé,
| ~ {$+ ' € represents the utility level with new production leaetl positive income
change assuming , while the utility level will be | ~ { € withnochangein
production level or at current state of production.
Then an individual will be willing to terminate the produatjorocess if the following holds;
| ~ {$-' € | ~{ € (4.2)
Hanneman (1984) suggested that the individual's utility fonstshould be treated as random
variables. Based on Hanneman'’s argument} thand| are random utility function that can be
expressed respectively as;
P~ {$-/ € $,/ andP~ { € $, (4.3)
P « in equation 4.3 represents the deterministic componenthan and,’ represent the
random error of a respondent’s utility functiéhe is defined as individual’s indirect utility
function either after production termination with«arincrease in income, or under the existing

production practices. It is assumed that the individuah tevaluates their utilities at both
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conditions and decide whether to terminate the productiazepsaat given payment of WTA
value (which is defined a$).
The individual's decision on whether he/she would pgrdite in a production
termination program is observed with following probabitiigtribution.
fQl,+Q9 ... P~ (%' € %/ P ~{ € $,
. ,/"P ~{$/ € P ~{€ .. (49
The terms and,’ are assumed to be independently and identically disédbrandom errors.
Once the individual decides whether to participate in tbduymtion termination program, he/she
would decide the desired amount of incentive payment tariatenthe production process.

Econometric Model for WTA

The survey collects information on WTA value from iheividuals who are willing to
participate in the production termination program, the masi®n may be nonrandom. In
addition, the two responses, whether to participatearptogram, and the value that the
individuals desire to receive so as to terminate the prmugtocess, are correlated. Since the
WTA values are observed only for the individuals whoiaterested to participate in the
pollution reduction program, the elicitation of WTA beasmon-random. A regression on non-
randomly selected samples produces inconsistent estiofdates parameters (Davidson and
Mackinnon, 1993). Thus, the design of the WTA elicitaborthe survey questionnaire requires
an econometric modeling that fully accounts for the iptessorrelation between “Yes/No”
answer of the participation question and the size o¥Wlé& amount. The information elicitation
design requires simultaneous explanation of participatecision and WTA function. Therefore,
a Heckman'’s selection model is employed to examine fa‘rdecision to participate and pay to

mitigate nutrient pollution.
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Let’s represent the decision to participate by a binariablet for an individual . If
an individual records a positive WTA value on the survetoet Is assigned while, if
respondent state WTA value be zero thien is assigned indicating that he/she is not willing
to participate in the proposed pollution reduction through ptaxutermination.

The variable' is the individuals’ stated value representing the amoiuntentive
(WTA) that an individual would need to terminate oneKlo¢ broiler birds from his existing

production practices.

T% ~ 759, & (4.5)
P TER,
ot g
T~ 2728, 2 (4.6)
where represents the number of individuals in the sampieand~ >

represent the sets of explanatory variables on binapprese equation (4.5) and WTA equation
(4.6). There may be some overlap on variables on therveg and ~ <. The 75 and75 are
the unknown parameter vectors.

The respondent chooses to stiate  if the latent variable turns out to be positive.
Otherwise, the respondent chooses to answer no toti@gzdion question¥ 1 ). The
explanatory variables-(s ~>) and the binary response varialile are always observable
while the willingness to pay valug, , is observed only wheh . This makes the error

terms, s and, > to be correlated. Thusgee ¥ and®' ,5’, s Q, 3.

o0 —e
Oo.o“ ”i 7 ,J— (47)

N«

m

N

* is the standard deviation p§ and- is the correlation betweens and, 5. A nonzero

correlation between the two equations is a result ofraepee off *on the respondent’s stated
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WTA value ( ). The negative correlation between the and, > implies that the individuals
who are willing to participate in the production termioatprogram demand smaller WTA as an
incentive. However, theg and, > are independent of the explanatory variabtes ¢ 5 ).

Maximum Likelihood Estimator

The conditional probability density function of aniwvidual that chooses to participate in
the production termination program is;

ht& 6 ~57w8® ~ 575 8% @
If an individual accepts to participate in the productenmination program, the probability
density function of the amount of WTA will be;

- N > S &g I @G
h™ & > S &

T &y e~ 1Tz 7

and 1t~ §7s$05502°" - §Ts$ Y
whereYis independent of~g =~ e % o 3030
T & ~3 B-575$ 055050 ~ 5758 o 2050 X073

Now combining all these and taking log of the likelihood fioxcwe get the following log

likelihood function;

T t  i¢6 ~s758 %1 1j¢ £6-575P o g5050 "

~772 8 o & X¥g it} 67 ~ ;77’38 ¢ <3< (48)
V. DATA
A hypothetical market scenario was developed in order tib flicners’ WTA value. The
respondents were given a scenario of proposed govermagriations that require them to

terminate a portion of production processes in orderget ine water pollution reduction. Then,
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the respondents were asked how much they desire to raseareincentive payment from the
government if they were to comply with the proposed =gui. It is assumed that the
individuals who answered the WTA questions positivelywaling to cooperate with the
proposed program, while the individuals who either did espond to that question or listed
zero as WTA values were assumed to be not interestbd program. Nearly 16% of the
respondents were non-participants. The approach is temtsmith Broxet al. (2003), who
assume non-response as non-participants.

Dependent Variable for Participation Equation

In the first stage, the dependent variable represergthethan individual is interested to
participate in the production termination program. Thealdei is operationally defined as 1 if
the individual responded with a positive amount on WTA goestnd zero if otherwise.

Dependent Variable for the WTA Equation

WTA represented the amount that an individual is willmg¢cept as an incentive
payment in order to trade one flock of broiler birds. @&h®unt is elicited in dollars per flock
that an individual would terminate the production so agdoce nutrient pollution generation.
The average WTA amount was about 4,000 dollars per flotkepeesents an individual's price
to reduce water pollution.

Explanatory Variables

The variables that entered the final model are saldmeed on economics reasoning as
well as on stepwise regression. A priori economicmeoes not guide much about the
variables affecting the willingness to participate and pagrefore, a stepwise selection process
is employed along with economic reasoning to choosartakset of explanatory variables.

Table 4.1 presents the list of variables used in the naodkthe summary statistics.

71



The Number of broilers represents the total numbéraifer birds raised by an
individual producer in 2003. The numbers of broilers are dividetOBy000 for easier
computational purposes. A larger number of birds imply lapogeduction size. The production
size is found to be positively related to the willingnés participate in environmentally friendly
farming practices (Shaikét al, 2007).

Herd size showed positive effect on probability of pgréiion in the dairy termination
program and negative effect on bid value (Gale, 1990) tortatethe dairy production.
Similarly, the farm size affected the decision to teate crop production to enroll the land in
CRP, positively (Boisvert and Chad, 2005). Previous studies &lao found that the larger the
farm size the greater the land retired from the crogdymxtion to reduce the adverse effect of
agricultural production on the environment (Lamizral, 2007).

The variable off-farm income measured whether an individualer producer has an
additional income from non-farm activities. Having dadf+h income implies additional income
and therefore financially secured, to seek for othepaptio comply with pollution regulation
rather than changing production level. The variabletenofiound to be significantly affecting
individuals’ decision to participate in environmentallyefrdly production practices.
Respondent’s off-farm income affected the decision tagiaeite in environmentally sound
practices negatively (Gillespét al, 2007).

Fraction of land owned by the broiler grower over t&tatl operated is hypothesized to
be negatively related to the participation decision dga@ted by Rahelizatovo, (2002). Having
more land allows broiler growers some flexibility d@telr application with no or little restriction
on litter spreading amount and frequencies. Individualefbes, tend not to seek for other

alternative solutions for water pollution control reeges.
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Farmer’s own characteristics play a major rolehmdecision associated with production
termination to reduce water pollution. The variahge provided mixed results in previous
studies. Age is positively associated with the likelihobdnvironmentally friendly dairy
production practices (Gillespet al., 2007), while it is negatively related with production
termination to enroll land into CRP (Kalaitzandonakes and9dn, 1994; Konyar and Osborn,
1990). Young farmers are found to be more knowledgeable andristotaking due to longer

planning horizons and therefore, are more likely to partieipaagricultural practices that

reduce the negative impact on environment (Adesina and Zit@aB8).

Table 4.1: Summary statistics of explanatory variables

Std

Variable Mean  Deuv. Min Max
WTA value ($ per flock of birds) 3961.213664.18 0 18750
Number of broilers/100,000 4706 3.020 0.18 19
Individual has off-farm income =1 0.324 0.471 0 1
Perception that government should pay

for water conservation, scale 1-5 3.292 1.378 1 5
If there are housing subdivision in nearby =1 0.1080.313 0 1
Ownership of business; individual owner=1 0.7260.449 0 1
Heard about BMP 0.811 0.394 0 1
Age of farmer at the time of survey 53.28412.184 25 79
Farm income up to 49,999 0.315 0.468 0 1
Farm income from 50,000 to 99,999 0.356 0.482 0 1
Farm income greater than 99,999 0.2330.426 0 1
Willing to participate on the program=1 0.838 0.371 0 1
Percentage of land owned by the grower 86.0927.320 0 100
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Business ownership is a dummy variable indicating whetteefitm is individually or
family owned. Individually owned businesses are assumbdue solo power to make decisions.
The single ownership makes the individual decide easilyheutariable may have either a
positive or negative effect on participation decision.

Housing in surroundings is a dummy variable representingheheesidential
subdivisions are located nearby the broiler farm. feat&tion of air quality from the broiler
litter is one of the major pollution issues associatéld broiler production. Complaints of strong
and objectionable odors have been voiced by the neighbosing serious legal actions against
broiler producers (http://www.epa.gov/agriculture/anafobmmpli#Odors; 28 May, 2008). Such
threat from the nearby residents forces broiler praguceimplement appropriate measures to
reduce the smell problem. Presence of housing subdivisiadhe neighborhood is therefore
assumed to have a significant positive effect onihkeld of participation in pollution
production termination decision. The variable may havesepositive or negative effect on

WTA amount.

The producers hesitate to accept that their productionigeagiossess a pollution threat
to the surface water as well as ground water. Therdfogdarmer’s perception about
government’s role in pollution control is an importaattbr to decide whether to participate in
the pollution control program through private effort ofgwotion termination (Hitet al.,2002).

In order to capture that effect, a scale of individupérception toward government role (1 being
strongly disagreed and 5 being strongly agreed) is empldyedperception that the government
should pay for water pollution control programs istiedaas continuous which is consistent with

the approach employed by Brekal. (2003). The perception is hypothesized to affect the
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participation decision negatively. In addition, the Waount to trade a flock is assumed to
increase, if the producers don't see their production ipescés a threat to the water resources.

Awareness about the alternative practices was constrbgtemploying a dummy
variable to indicate whether an individual has heardieBMP. This represents whether the
respondent has only heard about the BMP or has implethth@eractices. The variable is then
used as proxy for his/her general knowledge about the aVitylaibialternative practices that
can be implemented to reduce nutrient runoff. Thus,thaadility of substitutes is assumed to
have a negative effect on production termination.

Farm income is defined as the household income generatedHeobroiler industry.
Based on the existing literature, it is not clear weftgct the farm income has on the willingness
to participate in a production termination program to secettebenvironmental quality. Farm
income showed negative effect in accepting to participageroduction termination to develop
forest land (Shaikret al, 2007).

In this study, farm income is defined in five categorighatinterval of $50,000 starting
from “negative profit up to $50,000”, “$0 to $49'999”, “$50,000 to $99,999", “$100t600
$149,999” and “greater than or equal to $150,000.” Producers with Hiaghemcome are
financially more secure as compared to others and arétesested in forgoing the production
to reduce water pollution. The individuals with high fanmome may spend on pollution
abatement technology instead of termination of ongoingymtion practices. In addition, the
farmer who generates more farm income expects higbheniive payment if he has to forgo his

production to reduce nutrient generation.
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V. RESULT AND DISSCUSSION

The data show that nearly 16% of respondents are wibiragt¢ept zero amounts in order
to participate in the production termination program. The b&f response is common for
contingent valuation studies (Bowketral, 2003; Goodwiret al.,1993). However, observing
zero bid values in WTA to trade a flock with cleaner watgality may not imply that the
respondents are willing to sell a flock of birds at zerogstit

It is therefore assumed that the zero value originfabes first stage of decision where an
individual decides whether/not to participate in the palutieduction program (Strazzestal.,
2003, Choet al, 2005). Then, at the second stage, the individual decidesnoch he/she
requires as incentive payments to forgo their produgiiastices. Thus, the respondents having
zero bid values on contingent valuation questions arad=syes to be not interested in
terminating the broiler production to reduce pollution gatien. The ternt *is then considered
to be unity if an individual responded positively to the WTAsjioe and zero otherwise.

The WTA amount is observed only if the individuals ateriested in participating in the
program or if thet * (E 1 For the contingent valuation question therepresents the dollar
amount that an individual desires to receive so agtariate one flock of birds for better water
quality. The average value of WTA is about $3,960 wheresapribfit from one flock is $1,400
the latter of which is estimated by the Louisiana Adtical Experiment Station.

The selection nature of data collection gives risentestimation problem since the errors
in the two decision process (participation and WTA vaue)correlated. Excluding the non-
participants from the analysis, or using only the pas¥WT A values produces an inconsistent

estimation of parameters (Cameron and Trivedi, 2005).

13 The exact format of WTA question as asked in the sufiaxys running a random effect probit model.
However, respondents provided only a limited number of elsoit.ack of variation was the main reason to
abandon a RE probit model.
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Davidson and MacKinnon (1993) suggest employing a heckmae&isel model using
two-step estimation process in order to test the hypethef a no selection bias. The hypothesis
of “absence of selection bias” can be tested by chgakhether the coefficient of inverse mills
ratio is significantly different than zero. The risndicates that the coefficient is significantly
different from zero at 10% level of significance. Sinte null hypothesis of “no sample
selection effect” is rejected, the ordinary least sgy&LS) process produces biased and
inconsistent parameter estimates for WTA (Cameron anddi, 2005; Baum, 2006).

With the rejection of sample selection hypothesis, thie nature of sample selection
process in data collection, | used heckman’s sampletgglenodels for the analysis. It is
recommended to employ maximum likelihood estimatioraaffge selection models (Davidson
and MacKinnon, 1993) once the hypothesis of selection iagdcted using two-step
procedure.

A priori economic theory fails to provide enough guidanceetcide which variable
should be included either in participation or on WTA eaqumatSince, it is unlikely that the
individual's decision to participate and his WTA amourmt determined by the different sets of
covariates, a variable selection model is also enggloyhe selection starts from the full set of
variables. The variables significant at 0.30 were altbimehe Heckman sample selection
model. In addition, the demographic variables that fadegeinerate the Z values of at least one
were simultaneously dropped from the model. The procesmsstent with variable selection
process employed by Bret al. (2003). In addition, the variables that were selectédan
selection process but didn’t meet the convergence ersemaximum likelihood estimation

approach were also dropped from the model. At the encofahable selection trial, farm
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income, broiler number, housing in nearby, asset liglyéitio and age were kept for the first
stage probit model. The results from the final modepaesented on tables 4.2 and 4.3.

Table 4.2 provides the parameter estimates and their stiagidlars associated with the
binary choice of participation decision. The first stéfhe analysis estimated the decision
equation of whether to participate (or not to participate)he proposed pollutant reduction
program. The only variables that came out to be ins@amfi on the first step probit regression,
are farm size measured by broiler number and the dunpngsenting whether there is/are
housing subdivision/s near the broiler farm.

Turning to the specific determinants of WTA value (Tab® that motivates the
individuals to participate on the program, it is noticed gnaduction size, farm and off-farm
income, individual’'s perception about government’s rolater pollution, ownerships of farm,
and knowledge about alternative pollution control prograreshe significant factors affecting
stated willingness to accept value. In fact almosbfathe variables are significant at least at ten
percent level of significance. The only variables thatrent significant are the dummies for
income level that falls between 50,000 to 99,999; existenceusiry subdivisions in the
surrounding areas and the age of principal operator attbeot survey.

The off-farm income is often found to be a significaatiable in an individual's decision
to participate in environmentally friendly production praesicThis study also showed that the
participation decision is negatively affected by the llev@ff-farm income. Lambarét al
(2007) also found the off-farm income is negatively assedigith production termination
decision. An individual, who has off-farm income, isddikely to participate in the conservation

reserve program (Lambest al.,2007) by terminating their production practices. Further,
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Gillespieet al. (2007) find a negative impact of individuals having off-farm inecn
implementing pollutant reducing agricultural practices.

The fraction of land owned over total land operated dpicalture was hypothesized to
be negatively related to the participation decision deated by Rahelizatovo (2002). The result
supported the hypothesis showing that a one percentagernuo@dse in the fraction of owned
land decreases the likelihood of participation in floekling for pollution control program by
0.07. The individuals, who own a larger fraction of toja¢rated land, are more flexible on
spreading litter on their own crop and pasture land. €xoatrients from broiler litter become a
problem only if there are not enough crops and pasture taratsorb the plant nutrient from
applied litter. If a farmer owns enough land to absatibient content from all the litter produced
from broiler production, there is no need to terminh&eliroiler production. Therefore, the
individuals who own a larger percentage of land tend npattcipate in pollutant reduction
programs through production termination.

Further, the result indicated that the older individuaak less likely to participate in the
production termination to help reduce pollution production. rEiselt is contradictory to the
assumption that older individuals are near to the retiré and would be attracted by the
concept of production termination. On the other hand,atdo true that older farmers have less
flexibility in finding a job after terminating the ongoif@grming operation. The older farmers
have shorter time horizon for recouping the professi@ange, it is more likely for farmers to be
less attracted toward terminating broiler production. &kisting studies related to farmers’
behavior to cope with pollution reducing programs also sugigatsolder farmers are less

cooperative to the programs designed for achieving betteloenvant (Gilespieet al,, 2007;
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Kalaitzandonakes and Monson, 1994). The result implieshbatlder farmers prefer not to

modify the production practices with the tools thatdesigned for long term goals.

Table 4.2: The determinants of willingness to participate: imary variable §%

WTA value ($) Coefficient  Std. Err.
Number of broilers/100000 0.158 0.109
Individual has off-farm income =1 -1.212 0.635
Percentage of land owned by the grower -0.066  0.029
Ownership of business; individual owner =1 1.011 0.635
Perception that government should pay for water

conservation in the scale of 1-5 -0.614 0.266
If there are housing subdivision in nearby =1 0.106 1.291
Age of farmer at the time of survey -0.094 0.036
Heard about BMP -1.369" 0.615
Constant 14.532" 4.821
Pseudo R-square 0.419
LR chi2(8) 25.54
Prob >w2 0.001

Note: *,” and™ represents the significance level at 0.10, 0.05 abbir@spectively.

The result showed that the perception among produceev®d¢hat government should

pay farmers in order to encourage pollution reductiontsffand reduces the likelihood of

farmers’ participation. The individuals who stronglyibeé that government should pay for

water pollution control programs are less likely to iograte in the production termination

program to mitigate water pollution problems. The reswupported by the finding of Hiet

al. (2002) who found that the producers don’t accept their praduptiactices possess a

pollution threat to the environment and should bear a nsdpbty for cleaning up. In addition,
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the WTA amount to trade a flock for better water dyalticreases, if the producers don't see
their production practices as a threat to the watewuress. The result showed a significant
positive impact of the perception on stated WTA value.

The proxy for an individual’'s knowledge (heard about BMByu the availability of
alternative practices showed negative effect on kisditiood of production termination. An
individual who has heard about the BMP is less likelgddicipate in the proposed production
termination program (Table 4.2) as compared to the oneswvehoot. Further, these individuals
stated greater value to the willingness to acceptrtiat to trade one flock of broiler (4.3).
The result implied that if the individuals who are esvaf other alternatives (such as BMP) to
reduce pollution tend not to participate in the productiomiteation program and also state a
greater amount of WTA.

The number of broiler raised in a year, which represktiie size of the production is
found to be an important variable to determine thel levmcentive payment that an individual
expects to receive. The result showed that the $igeoduction is negatively related to the
stated value of WTA (Table 4.3) and positively related éolikelihood of participation (Table
4.2). The result implies that the larger broiler prodsi@e more likely to participate in the
program and need lower incentive payments if they wefergo their production practices
either partially or fully to meet the pollution reductigoal.

The finding is consistent with Lambaat al (2007) who find larger farmers have more
flexibility with respect to land use decision. Therefahey are willing to retire a larger portion
of land from crop production. Production size was alsmdioto be negatively affecting the

incentive amount to enroll production land into the GiRRégram (Boisvert and Chang, 2005)
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and positively affecting the likelihood of participation GRP enrollment (Boisvert and Chang,

2005; McLean-Meynsset al. 1994) and pollution reduction programs (Rahelizatovo, 2002).

Table 4.3: The determinants of WTA: Sample selection and neekction models for § )

Variables OLS selection OLS no-selection
Coefficient. Std. Error | Coefficient  Std. Error

Number of broilers/100000 -274.557 125.480 -192.035 138.061

Individual has off-farm income =1 2694.798 878.997; 1699.734 1156.593

Perception that government should pay for

water conservation in the scale of 1-5 10587141 298.298/ 729.680 337.543

If there are housing subdivision in nearby

=1 507.206 1219.757 -732.914 1298.205

Ownership of business; individual owner=1 1575.931 815.770; 1608.133 909.450

Heard about BMP 1992.005 1039.751 2805.682" 1083.750

Age of farmer at the time of survey -20.677 33.751 -53.384 40.207

Farm income upto 49,999 3469.184  1408.545/ 3789.173 1778.140

Farm income upto 50,000 to 99,999 1737.143 1398.063530.968 1437.255

Farm income greater than 99,999 2643.502 1452.289 2354.555 1473.871

Constant -2681.595 2832.887 -822.357 3645.072

1228.824  1036.837

- 0.474 0.418

. 2589.440 257.116 -—--

No of observations 70 67

Censored 11

Uncensored 59

Wald w? 50.55"

[« % 23 ng

Note: ~,  and represents the significance level at 0.10, 0.05 andré@spiectively

is significant at 0.069
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In general, the result implies that the larger farnagesmore responsive to the water
pollution issues and potential government regulations tgatéithe nutrient pollution problem.
Specifically, in the present context, the result nmagly that the larger farmers fear from the
potential government regulation (for example, CAFO affdmdarger producers more than the
smaller producers) and therefore, like to decreasedbk $lize at lower WTA value so as to
avoid dealing with the regulations.

There are four income dummies in the regression mddelfirst level stated whether
the firm is running at a loss and is employed as a mefergroup. The result showed that the
individuals earning less than $50,000 net farm income desirédharlagnount of WTA value as
compared to the individual who face up to $50,000 loss per Vha third level of farm income
also showed significant positive impact on WTA valuee Phoducers who earn up to $50,000
farm income per year require about $3,470 per flock perigaader to terminate the production
program as compared to the individuals who bear loss $a®00. The farmers with more
than $100,000 farm profit also showed significant positive anpa stated value of WTA.
Surprisingly, the second level of income category showsidnificant impact on stated value of
WTA. It may be that these groups of farmers are fieiht between participating and
nonparticipating as they are comfortable with theiel@f production and the income from the
production.

The—, which represents the cross equation correlation,siy® The result indicates
that individuals are interested to terminate their pradagiractices only if they receive a
sufficient amount of incentive payment. The positiie@fof perception that government should
pay for water pollution control programs also supportsfihding. The positive correlation is

also consistent with the finding of Higt al. (2002) who conclude farmers don't agree their
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production practices contribute to nutrient pollution arsithge to invest in pollution reduction
practices. However, Broat al. (2003) found a negative relationship between the decision to
participate in pollution reduction program and stated WTldeza

In general the maximum likelihood approach is preferrededwio-step procedure for
the sample selection model because of the non-id=attdn and collinearity problem in two-
step procedure. ldentification problem of Heckman two-ptepedure originates from the
inclusion of inverse mill’s ratio in second step estimatit is also argued that the imprecision
of the heckman’s two-step estimation originates frenese collinearity originated from
inclusion of inverse mills ratio (Leung and Yu, 1996; Wooldridtf¥)2).

The two-step approach of heckman’s selection model magerform well when the
selection equation (participation) and output equation (War&)highly correlated (Leung and
Yu, 2000; Nawata, 1994). For the diagnosis of collinearityjriherse mills ratio obtained from
the first step probit selection model is regressed agexpdanatory variables on the WTA
equation (Nelson, 1984; Leung and Yu, 1996). The R-square valadHhi® regression is used
to measure the magnitude of collinearity. The result gldotlve value of R square to form
auxiliary regression to be 0.433 is the evidence of collityesupporting the use of the
maximum likelihood estimation (Leung and Yu, 1996). The resgpaf the inverse mills ratio
on all explanatory variables and correlation matr&@resented in Appendix C.

Even though maximum likelihood estimation approach is pedethe analysis is also
conducted using two-step procedure, because of following @sons.

1. In asmall sample, the maximum likelihood estimatad te have larger parameter

bias than those of two-step approach (Leung and Yu, 1996).
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2. Hypothetical bias is a serious problem in contingehtaten studies. In presence of
errors on measuring the dependent variable, MLE producessistent estimates. On
the other hand, using two-step procedures, the errors die hypothetical bias is
absorbed into the disturbance term of the output (WTRpgon. Thus, the two-step
procedure may provide better parameter estimates (StapletbYoung, 1984) as
compared to maximum likelihood estimates.

The results from the two step model produced similarlasion while the standard
errors are larger for some of the variables. Theltrésun the two-step procedure is presented in
Appendix C.

Expected value of WTA is estimated using the parametienasts obtained from
Heckman’'s MLE approach. The model estimated the brfateners’ WTA value to terminate
the production process to be $4,720 with standard deviation of $Z6&%verage net income
from one flock of broiler production is listed to be ofil,400. The fixed cost associated with
broiler houses and other fixed assets that can’t be osedhier production purposes might be
the main reason to overestimate the cost of produtgiomination.

VI. CONCLUSION

This study provides an insight over the factors to beideresd before setting up the
incentive payments which encourages broiler producersrortagtie production practice.
Establishing the appropriate baseline incentive payment isriengdo avoid unintended
negative consequences of governmental incentive paynidngdactors that affect broiler
producer’s decision to cooperate with water pollution redngirograms are evaluated using

Heckman’'s sample selection model.
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Size of the farm, measured by the number of broiler baged per year, significantly
affected the size of WTA value. Larger farmers areensa@rious about water pollution and
potential regulation and thus state a lower WTA valud®tp reduce water pollution. On the
other hand, the significant positive effect of perceptlmat government should pay farmers to
participate in pollution abatement programs suggested ghdfi@ient economic incentive is
required to encourage farmers to participate in environnigftiendly production practices.

This study will be novel in the area of environmentahecnics in the sense that it
incorporated the farmers’ attitude toward nutrient pollutestuction programs. However, past
studies mainly focused on WTA for conservation prograifitss analysis is also important
because a very little is known about the broiler produegtitude and willingness to participate
in the pollution reduction programs. And the understandifdise factors that affect farmer’s
interest to participate on those programs are criticathe success of national and state level
policy formulation in order to mitigate water pollution

One of the strongest assumptions made in this chagtetithe individuals who have
listed their WTA as zero value are assumed as non iparits. This assumption carries a valid
argument that the goods in question is flock of broiletsand it is unconvincing that broiler
producer would terminate production of a flock at zero pticaddition, with the small size of
the dataset in hand and fear of losing valid statistidafmation, | decided not to drop the
observations with zero value on WTA question.

The lack of response commonly originates from protestsyateomplete information to
the producers etc. Further, with the smaller sampée g2 maximum likelihood estimates may
produce biased parameter estimates than those obtaomedwp step estimation process.

Therefore, the estimates from two-step estimationcggbr are also presented in Appendix C,
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however the conclusion drawn is not different front tatained using maximum likelihood
method.

This study focuses on whether broiler producers arengyitlb participate on production
termination program to mitigate water pollution and whatilkdbe the incentive level that
suffices to encourage farmers to participate in therprog. However, this study does not focus
in the magnitude of pollution reduction from the levepaodduction termination. The question of
how many flocks should be cut off to achieve desired lefefater quality is determined by the
target of water quality requirement in a given watedskéich is beyond the scope of this study.

While using this result one should be cautious about tle ¢cgyncentive payment on the
unintended effect of larger incentive on production ternamatstudies have also indicated

larger incentive payments may produce unwarranted negéfiaat en production termination.
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CHAPTER FIVE

BROILER PRODUCERS’ WILLINGNESS TO PAY TO REDUCE WATER
POLLUTION

l. INTRODUCTION

The Conservation Reserve Program (CRP), Wetland ®Regeogram (WRP) and
Environmental Quality Incentive Programs (EQIP) encoufageers to participate in pollution
control programs. The NRCS/USDA provides technical arfdiancial support to help
implement environmentally friendly production practid@ssides voluntary adoption of
environmentally friendly practices, broiler producers ddste regulations for Concentrated
Animal Feeding Operations (CAFO) and Animal Feeding Opmrat{AFO) which require them
to follow pollution control measures and restrict theelef pollution. The common goal of
these policy instruments and regulations is to brintufeyk on pollution reduction processes.
The current environmental policy encourages farmers ttemmgnt pollution control practices
voluntarily unless the farmers are CAFOs or AFOs.

It is widely accepted that the economic incentivesidesntives play a major role in
encouraging producers to participate in environmentally beoigguction practices (Tarui and
Polasky, 2005). In this chapter, | examined the level ofi@euc disincentives that encourage
(force) farmers to internalize the pollution contraasures into their production practices. |
assessed the concept of disincentives for pollutensfemee pollution control efforts on
polluters’ production decision. For the purpose, | estich#te maximum dollar amount that can
be charged as pollution abatement cost for an indivalieaking him/her to be indifferent from
existing utility level. The amount is represented by tlkvidual's willing to pay (WTP) value
for pollution control/abatement measures and continuprbiduction practices at the current

scale.
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It is well established that the amount representing theéymer’s affordability or
willingness to pay to control water pollution becomé8adilt to derive through market
transactions. Therefore, | employed a contingent valnatpproach to examine the affordability
(or willingness to pay for water pollution control measyiref Louisiana broiler producers based
on their household income; their perception about thd aéenvironmental regulations; and
other farm level characteristics.

The broiler producer’s desired willingness to pay level loa evaluated through a clear
understanding of their utility function. The continggatuation approach elicits the amount that
the individual would be willing to pay and remains on hiséasting utility level. Using
contingent valuation approach, | created a hypothetiemles® of potential governmental
regulation that can be implemented if the broiler predsiail to accommodate environmentally
friendly production practices. Afterward, | obtained itgividual’s bid amount for controlling
water pollution. It is assumed that the individualsteda/VV/ TP value will be an appropriate
approximation of disincentive/tax payment that can be segdo internalize pollution control
effort into producers cost function.

. LITERATURE REVIEW

The continuous and evolving nature of environmental regulatindsts adverse effect
on profit level forces farmers to search for altéigasolutions to mitigate increased water
pollution. Increased number of regulated CAFO/AFO opearatand strengthened permit
requirements (EPA, 2003) for these operations are thap&a of government being more
stringent on water quality regulations. Meantime, theFBAdoptions and obeying the CAFO and

AFO regulations are the examples of farmers being mwwneerned about the regulation and
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standards. Thus, the perceived threat of stringent rémuladnvinced the producers to
implement environmentally friendly production practicaghwo/partial amount of cost-share.

Large scale producers falling under CAFO and some AFO opesaire forced to
employ environmentally benign production practices to cgmith the permit requirements
(EPA, 2003). Even though the increased number of regulate@@@AB AFO showed
ambiguous results on reducing water pollution (Mullen anut€e2004) the producers are
required to abide by these regulations. In order to aveigpdtential punishment, agricultural
producers attempt to invest on environmentally friendly pr@st This implies that the farmers
are willing to pay (forced to pay) some amount in ordevtadapotential harsh governmental
regulations (to reduce water pollution) and continuesthsting production practices.

The question remains how much the broiler producer wilivitling/ able to afford to
reduce water pollution. The contingent valuation appr@¢®@€hP) measure has been employed in
a wide variety of research where non-market goodsaodved (Urama and Hodge, 2006;
Whitehead, 2006; Chet al. 2005; Strazzerat al. 2003; Hudson and Hite, 2003; Hieal,
2002; Roachet al, 2002; Whiteheadt al, 2001; Stevenst al, 2000; Loomiset al. 1998;
Hanemann, 1984).

The approach has also been employed to elicit anichd@ils willingness to pay amount
for water quality improvements (Whitehead, 2006; Bebal. 2003; Hiteet al. 2002; Whitehead,
2002; Cooper 1997). Whitehead (2006) examined the WTP value for quetitlyy improvement
from the consumer’s point of view accommodating hetereiyedue to perceived water quality
levels. On the other hand, He¢ al. (2002) evaluated the value of water quality improvement,

from the producers’ point of view.
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The CV technique is based on the assumption that themaaxamount of money that
an individual desires to pay represents their maximum Wélilre for the purpose of controlling
water pollution. Hiteet al (2002) found that the producer’s marginal willingness tofpay
pollution reduction decreased with an increased level afediepollution reduction. According
to Hite et al. (2002) the decrease in marginal WTP is due to the factii@agricultural
producers tend not to believe their production practicesibateé enough to cause water
pollution problems. In addition, the authors state thadiiel of direct benefit received from
water quality improvements also affected the amountabéd WTP by farmers.

It can be argued that the producers are motivated enotigér(éue to regulation threat
or voluntarily) to pay for pollution control measure$en, the contingent valuation approach
becomes a relevant tool to extract the actual amoanathindividual farmer is willing to pay to
avoid harsh environmental regulations. For a non-markabtwadlity like water pollution, this
approach is a satisfactory technique to elicit the prasduné of a proposed policy even though
Hoen and Randall (1987) assert that the approach as fiastless approach”.

The main concern with the contingent valuation apgrdecomes the development and
framing of the questionnaire. The contingent valuation gquesusually follow dichotomous
choice responses where individuals are asked whethetedqyes/no) for the proposed bid
options (Herriges and Shogren, 1996). The dichotomous choestions are found to be
suffering from the anchoring effect (Herrisen and Shogt896) drawing invalid conclusion.

With the anchoring effect in consideration, multipteund questions gained popularity in
the recent years (Welsh and Poe, 1998; Albezingl. 2003). The multiple bound questions
provide a list of bid amounts from where a respondent @sosrepresent his WTP value.

Some authors argue that providing a list of alternative teduces the focus of respondents on
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single bid or sequential bids and therefore reduces thmang effect (Whitehead, 2002; Roach
and Boyle, 2002; Rowet al, 1996. In addition, literature also established thatthevle and
multiple bound questioning approaches increase the efficidprameter estimates
(Whitehead 2002; Alberiraet al. 2003).

In double and multiple bound questions, given the dichotorypeasresponse, logit or
probit models have mostly been used in contingent valuatidies (Whiteheagt al., 2001).
Alberini et al. (2003) used a random effect logit model to estimate the VéIU® from the
multiple bound contingent valuation technique. The main gbidde study however, was to
understand questionnaire design rather than estimatirgxpleeted value of WTP for open-
water fishing.

Brox et al. (2003) estimated willingness to pay to improve water quatityadlowed a
non-response bias in the model. The respondent’s WTie vals elicited using the payment
card approach and heckman’s two step model was employed ¢atdhe observed sample
selection bias. Urama and Hodge (2006) estimated WTPitigatmg soil and water
degradation problems focusing on the effect of education DR Vdlues.

Similarly, Whitehead (2002) employed random effect probitief®on double, triple and
multiple bound questions. The precision of WTP value irsgéavith multiple bond questions in
the contingent valuation approach (Whitehead, 2002). Whitedbeaded that the double bound
guestionnaire format provided better estimates for true WHéh a starting value of an
individual’'s bid is difficult to assign to represent thstdbution of WTP values. Roagét al.
(2002) also claimed an increased efficiency in paramstenaes with multiple bound

guestionnaire setting.
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Along the vein of Whitehead (2002), providing starting valu&/a® to the broiler
producers while eliciting WTP becomes relatively diffictihce no guideline exists to suggest
potential value that an individual would be willing to payelo such facts and also because of
the anchoring effect in a single bound question, a nellbpund question format was found to
be attractive in this study.

[l. MODEL

Economic Model for WTP

A rational broiler producer is expected to choose a combination of market géodand
water pollution control measures to maximize utilityegi a limited budgef{ . A simple utility
function that accommodates an environmental comporentespondent’s demographic
characteristics, net income, as well as a payment leathedines the broiler producers’
preferences over market goods and environmental quality. @reeutility framework, an
individual’s utility function is explained by;

R b€ (5.1)

The{ represents the individual's household income, which incldalen as well as off
farm income net of existing tax. represents a vector of variables describing the chaistcterf
individuals as well as their farm? is the change in tax under the proposed water pollution
reduction policy an€’ represent of water quality level under current conditioproposed
policy.

Hanemann (1984) developed a utility theoretical framewmdetive WTP and WTA
from a dichotomous choice discrete response in egatit valuation studies. Based on

Hanemann’s argument, let's assume two possible leV&ster quality represented Ay
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¥ [T % represents an initial or the existing level of wapeality whereas, and
represents the level of improved water quality.

At the status quo of no water pollution reduction efftre broiler producers receive
utility | | ~ { € . Forwater quality at the the current conditions smz&hanges in
payment are required, thé becomes zero. Accordingly, for proposed policy, a ghdn net
income is expected which changes the utility function’as| ~ { I €' . This
represents the broiler producer’s utility function witiproved water quality and change in net
income through change in tax/().

Hanemann (1984) argues that an individual know his/henitiliiction while it is
unknown to the researchers. Therefore, an individuadillity function is consisted of empirically
measureable compondpte and stochastic econometric errdr Thus, individuals’ standard
utility functions with (equation 5.2) and without (equat®B) proposed change are expressed
as;

1P ~{ € s,/ (5.2)

| P ~{€ 3, (5.3)

It is assumed that broiler producers compare theiegilitnder current (equation 5.3) and
proposed water quality and net income scenario (equatipnT™he underlying reasoning of the
individual's choice of whether to maintain status quo ofvaber pollution or undertake a water
pollution control measures to improve water quality is 8asethe following condition;

P~ { e ¢, P ~{€ $, (5.4)

The model implies that an individual compares the pgegomprovement on water
guality and change in net income, with current conditéomd evaluates the difference on utilities

under both of the plans. It is assumed that the individhead decides whether to pay or how
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much to pay for the proposed program so as to keep thg lalel unchanged (negligibly
changed). The difference in utility under current and psegd conditions can be expressed as;
% P ~{ '€ $, /P ~{€ %,
P~{ € P ~{¢€ oo
%, ! (5.5)
Where the errors and,’ are assumed to be identically and independently disédbwith zero
means.

Econometric Models for WTP

a) Ordered Response Model

It is assumed that the broiler producers compare thegedpvater quality improvement
with the existing water quality. They, then assesslitherence in utility from the two water
quality levels. The individual producers then define thelityudifference in terms of WTP.
Based on this criterion, an individual respondent dedlidesmount of dollars that he/she is
willing to pay.

The broiler producers are given three payments intefheds than $300; $300-$500; and
greater than $500) and asked where their WTP value falls. Seipipe payment levels are
represented by an ordinal sc@&léf the respondents’ WTP value is below $300 tB&kes a
value of 1; if the utility difference falls within $300&8$500,®is 2; and if the WTP value is
greater than $500 thé@takes the value of 3. The data allows estimation @frpaters using
probit models (Boccaletti and Nardella, 2001;ekral, 2008).

For econometric purpose, the latent value of WTP tdleethiree values as follows

(Johnston, 1999; Jeet al., 2008);

Y%ont

o
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a#  *ao
*E g (5.6)
Where g represents unobserved threshold parameters that abgimaterval where utility

%0

difference falls and the represents the utility difference. Thgdetermines the boundary

where the value of WTP map into the given differenoagility (Davidson, 1993).
Let the *is defined by;
79, (5.7)
~7 5 $5, °V°+,°UUT $5,UTTQVI $.8Jhh ,U39 $5 -QVI9$ 5T 9ITQ %
$5.,UQ,$5 ,+9,9+ U
Where, the stochastic errfjris assumed to have standard normal distribution withnnzero
and variance of one. The errors are assumed to beeindent and identically distributed. The
represents a vector of parameters to be estimated aegresents a vector of individual as well
as farm characteristics.
Now based on the equations 5.2 to 5.7 the probabilitythieattility difference falls in a
given interval of WTP value is expressed as;
*#q,
~7%$, #q
, #aq, ~ 7
q ~ 7
Similarly, the probability that IS;
q " "4 do
9"~ 7%, #do
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And the probability that — is;
B * g
~7%, Qo
, Qo ~ 7
~74do (5.8)

where, is probability operator. Provided all these probability dgrisnctions for, , the

unknown model parameters can be estimated by maximizingltbveing log likelihood

function;
G o7 A it g ~ 7885A  40i¢6 ¢ ~ 7 q
~78%A 4 itx D7 qoFz (5.9
The effects of changes in explanatory variablesherptobability of WTP falling in a
given range are not explained by the estimated coeftei@reene, 2008) in case of probit/logit
models. It is therefore, the effects of explanatonyaldes are expressed in terms of marginal

effects which can be derived as follows;

> M/ &
— - 17
> MO&
; - 7T i~ 77
2 W& g~ 77 (5.10)

The marginal effect is the slope of curve that relai®explanatory variable to

®& controlling the effects of other variables (Long, 1997).
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b) Interval Regression Model

The boiler producer’'s WTP value in this study is coded bptnval where an
individual's latent value *falls. The upper and lower limits of the interval ar@wn to the
respondent as well as to the researcher. Such datetiowilapproach replaces the unknogvhy
known cell limits,Q and@, and define WTP as in equation 5.11. Wooldridge (2002) suggests
an interval regression to estimate- *&® when the upper and lower limits of the intervals are
known (Whiteheaet al, 2001; Doorslaer and Jones, 2003). Instead of estiméating g as in
ordered logit/probit model, the interval regression estta®m the parametefs  « 2, where
«0 PQ! %&° . The model assume<&e 07 « O instead of standard normal for
probit and logistic for logit regressions.

The likelihood function given in equation 5.9 changes ingoftilowing form when the

upper and lower limits of the interval are known.

» Y407

»o Yo7 > Va7
VP < —=<0 $

]/zﬂ * ]/zﬂ

70 A o i¢m:

<0%$ A o i¢ m:

. V0T X»g
A3/4(',A@/|2 |¢ m: 1P

<0 (5.11)

V. DATA
The third section of the data provide three bid categwiese broiler producer’s

willingness to pay values falls. The multiple bound ¢joesaire setting seems appropriate in
this context at least for the following two reasons;

The tendency of yea saying to the given value even thoeginud WTP is

less/greater than the provided can be reduced (Raadh2002),

The double and multiple bounded dichotomous choice modelsdprbetter

parameter estimates than the single bounded model (\WadeB002; Hanemanet

al. 1991).
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The individuals’ chosen WTP is assumed to represerartizaint that the broiler
producers were willing to pay if the money would be impletad on pollution abatement. The
amount is elicited in dollars per flock. The amount fmerkfis asked as there is too much asset
specificity in broiler production and an integrator ma#tesision on whether to put more birds
or not after each flock based on the performance olebnmioducers (Vukina and
Leegomonchai, 2006).

Explanatory Variables

It is assumed that individuals gain utility both fromteraquality improvements as well
as from his/her net income. The observable charatitsribat have positive/negative impact on
an individual's preferences for water quality control swgas include socioeconomic as well as
farm characteristics.

Farmer’'s demographic characteristics play a majorinalee decision associated with
water pollution and environmentally friendly production pices. Based on previous studies,
respondent’a\geis one of the important factors to impact the WTP sieni(Hanemann, 1991).
The age measures the producer’s age at the time of dlatzioo and is found to have mixed
effect.

Koundouriet al.(2006) found the age of the respondent affected the willingnaassest
on producing better environment quality, negatively. Youngenérs were more knowledgeable
and more risk taking due to a longer planning horizon andfdreravere more likely to
participate in environmentally friendly agricultural praes in a study conducted by Adesina
and Zinnah (1993). The argument is also supported by Brox(208B).

Level of education and contact with extension agentempoyed to capture the effect

of information effect on WTP value. The producers whgehbetter information on issues and
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importance of water quality through education are moréylikecontribute toward
environmental practices (Koundowti al.,2006). As Hiteet al (2002) suggested that farmers
have propensity not to believe their existing productiontmes contribute to a water pollution
problem. Therefore, the education through school or throagtact with extension agents
becomes crucial factors determining the level of WTRe/dEducation is measured in three
categorical variables (high school or lower, colle®] graduate degree) represented by two
dummy variables in the regression model.

In addition the farmers who have visited extension agamd talked about farmer’s
contribution to water pollution are more likely to coloite to water pollution control measures.
Exposition of individual producers to the extension sewis believed to generate awareness
about ongoing nutrient pollution issues in the local aréae variable is assumed to have
positive effect on WTP value. Contact with extensigerdas was constructed using the
information obtained indicating whether an individual isged the extension agents in last
year. The variable is then used as proxy for his/her geoentact with the extension service
providers.

The respondents were also asked about their perceptiadirggehe necessity of water
pollution control measures or regulations. Individualspanses are recorded using a Likert
scale, where five represents an individual stronglyesgwath the statement “water pollution
control measures and regulation are badly needed”. &ralk (2003) also measured the
perception about existing water quality on a WTP study usmdiitert scale and treated as a
continuous variable. The perception about existing watdityjsagnificantly increased the

willingness to pay on their study. Similarly, the beoiproducers who believed the water
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pollution control measures and regulations are badly nesm@eglssumed to state higher WTP
value.

Farmers’ off-farm income represents whether the pral@perator (owner) of a broiler
farm has income from other jobs except from broiledpaobion. The individuals who have off-
farm income are not constrained to remain on the bisimepaying an extra amount for water
pollution control. Therefore, the individuals with offrfn income are believed to pay a lower
amount as compared to the ones who solely depend orr mmitkuction to generate household
income. Gillespieet al. (2007) finds the farmers with off-farm income are kesponsive to
water pollution control measures.

Land available to litter applicaticrepresents the total acreage available to spread the
broiler litter on individual's land. Smaller area tiddr application implies higher nutrient
concentration and runoff to the surface water or tramapon litter. In order to avoid a fear of
governmental regulations and the problems associatedittgtitransportation; these producers
are likely to pay more in the form of pollution abatettax. Therefore the variable is assumed
to be negatively related to the WTP amount.

V. RESULT AND DISCUSSION

Producer’'s WTP function is estimated using ordered prodiiragerval regression
approaches. A summary statistics of the variables usi ianalysis are presented in table 5.1.
Nearly 69 percent of the farmers hold only a high scbegtee. About 24 percent were college
degree holders and only 7% of the broiler producers have geddval education. Similarly,
about 32% of the broiler farmers had off farm incomerétban 60% of the farmers had contact
with extension agents in previous year. On an average 04@3é total land is used to spread

broiler litter.
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Table 5. 1. Summary statistics for the variables used

Std.
Variables Mean Dev Min  Max
High school degree =1 0.689 0.466 0 1
College degree =1 0.243 0.432 0 1
Graduate degree =1 0.068 0.253 0 1
Individual has off farm income =1 0.324 0471 0 1
Age of farmer at the time of survey 53.28412.184 25 79

Percentage of total land, where litter is usually applied 0.460 0.489 0 3.125
Individual has contact with extension agents 0.6080.492 0 1

Perception that "Water pollution control measure dya
needed" in the scale of 1-5 3.775 1.124 1 5

Table 5.2 presents the estimated coefficients and tia@idard errors obtained from
maximizing the two equations at 5.9 and 5.11. The model signdeand the R square values
are also presented at the end of table 5.2. Table 5.3 frélsermarginal effects along with their
standard errors. The ordered probit model is significa@tQf9 percent. Socioeconomic or the
demographic variables such as age, education, and incomasladed in the model in order to
capture the variability in individual-specific charactéas.

Most of the demographic variables are significant with etgzesigns, while the
perception of an individual regarding the water qualigutations shows no effect on WTP
amount. The perception about existing water quality showesigmificant effect on willingness
to pay to improve minor water quality problems in a studylooted by Broxet al. (2003).
However, the same study showed a significant effettieoperception on WTP value, while the

proposed policy addressed major water quality problems.
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Table 5.2: Parameter estimates using ordered response modefs stated WTP rangé*

Ordered probit | Interval regression
Independent Variables Coefficients Coefficients
College degree = 1 1.024" 98.228
(0.455) (43.829)
Graduate degree = 1 1.248 133.624
(0.518) (58.375)
Individual has off farm income =1 -1.005 -90.939"
(0.500) (36.179)
Age of farmer at the time of survey 0.043 3.484
(0.020) (1.451)
Percentage of total land, where litter is usually applied -0.771 -53.945
(0.553) (30.455)
Individual has contact with extension agents 0.231 18.124
(0.363) (35.654)
Perception that "Water pollution control measures are
badly needed" scale of 1-5 -0.075 -0.921
(0.149) (16.073)
constant 86.943
(115.019)
a4 2.443
(1.323)
o 3.816
(1.329)
Number of observations 59 59
Pseudo R square 0.217 0.203
Prob. > F 0.069 0.0001
Note: ~,” and” represents the significance level at 0.10, 0.05 andréspkctively

The numbers in parenthesis are robust standard errors.

14 Due to small sample and significant number of missbgovation in each categgrythe model became

inestimable when “Respondent’s income” was allowethémodel.
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The insignificant effect of water quality perception anelteed of regulation originate
from the fact that the agricultural producers fail talize their production practices contribute
enough to cause a water pollution problem (ldttal. 2002). Thus, the producers’ WTP value
may not be affected by the perception of water qualitiyefproducers perceive water quality
problems as minor (Broxt al, 2003).

It is assumed that farmers with higher education are lauggable about the negative
impact of water pollution on human health as welbashe natural ecosystem (Urama and
Dodge, 2006). Therefore, the educated producers are moresegpmwater pollution control
measures. As expected the result indicated the individddhigher education tend to pay
greater amounts for water pollution control measurepagpared with individuals having less
than a high-school degree. Both dummy variables for eduncdliecollege degre@andgraduate
degree are significant at 0.05 and 0.01 percent level of sigafie.

The marginal effects (table 5.3) of education levels shamggative effect on the first
level of WTP, while it is positive for higher WTP valu@svel 2 and 3). Thus, the individuals
who hold either a college or higher degree are willingatp more for water control measures
than those with only a high-school degree at mostirfelviduals with graduate degree, the
probability of paying <300 decreases by 0.465, however, probalfiligying $300-500 and
>$500 increases by 0.285 and 0.180 respectively (However, tiableais significant at 0.16 for
WTP value >$500).

Individual farmers who have off-farm income signifidgnhcreases the probability of
paying less dollars (<$300) for pollution control measuréshé same time, having off-farm
income decreases the probability of paying higher WTP r@sgt showed that the probability

of choosing WTP less than $300 is 0.280 greater for individuigtisoff-farm income as
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compared to the ones without off-farm income. In canytrthe probability of stating WTP in
between $300 and $500 is 0.239 lower for individuals with off-facome as compared to the

ones without the off-farm income.

Table 5.3: Marginal effects of ordered probit models on state’lVTP ranges

Marginal Effects

Mean
Variables P(WTP=1) P(WTP=2) P(WTP=3)
College degree =1 -0.366  0.271 0.095| 0.254
(0.155)  (0.117)  (0.068)
Graduate degree =1 -0.465 0.285" 0.180 0.068
(0.176)  (0.104)  (0.124)
Individual has off farm income =1 0.280 -0.239" -0.041} 0.305
(0.102)  (0.096)  (0.027)
Age of farmer at the time of survey -0.014 0.012"7 0.002| 52.966

(0.006) (0.006) (0.002)
Percentage of total land, where litter is
usually applied 0.251 -0.210 -0.041; 0.464

(0.169)  (0.151)  (0.033)

Individual has contact with extension agents -0.074 0.062 0.012; 0.627
(0.115) (0.096) (0.020)

Perception that "Water pollution is badly

needed" in the scale of 1-5 0.024 -0.020 -0.004; 3.746
(0.049) (0.042) (0.008)

Note: ~,” and” represents the significance level at 0.10, 0.05 édtir@spectively.
The numbers in parenthesis are robust standard errors.

Age is an important variable contributing toward WTP deni¢Brox, et al, 2003). Age
is positively associated with the likelihood of environtadig friendly management practices
(Gillespieet al, 2007). At the same time, it is also found that tldeoindividuals tend to spend
less on water pollution control measures (Bebal, 2003). The result of this study showed age
is significantly and negatively associated with theiohof less than $300 as their WTP value.

However, the probability of paying a larger amount (WTP invben $300 and $500) for water
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guality control measure increases with age. A ten yeaease in respondent’s age increases the
probability of paying in between $300 and $500 by 0.12 and decreasa®btability of paying
less than $300 by 0.14. Thus, older individuals are willingpemg more on water quality

control measures, similar to the finding of Gillespial. (2007). The result showed individuals
who have contacted the extension agent in the pastem@éto pay more for water pollution
control measures. However, the estimated paramatet &atistically significant.

As the WTP value on data represented an interval wher&rwe WTP falls, an interval
regression was also employed (Whitehesichl. 2001). The interval regression is similar to the
ordered logit model when the threshold values are knowthdaresearchers. The conclusion
using interval regression is not different from thatngsthe ordered probit model. All the
variables significant on the ordered probit model are algaificant on interval regression
model. Additionally, the parameters have the samessighoth models.

The effects of variables are interpreted as in casedufiary regression. An individual
with a graduate degree pays about $98 more than the counteithawnly high-school degree.
Similarly, one year older broiler producers pay $3.48 nontrol nutrient pollution control
measure.

Employing the ordered logit model for WTP, the threslpaichmeters are not allowed to
vary depending on the respondent’s farm as well asithéiV characteristics. Effectively,
separate equations are run for each of the WTP catsguatlethe assumption that the slope
parameters are same among the equations but not theepterWith this parallel regression
assumption, the estimated coefficients are simil@airh equation.

However, the assumption may not be unrealistic istaged WTP varies based on the

explanatory variables. The estimated parameters mdydaacorrect, incomplete and
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misleading results (Williams, 2006). A Wald test for theaplal regression assumption is used in

order to examine whether the slope coefficients ditfelebch category of stated WTP.

Table 5.4: Coefficient estimates using generalized ordergutobit model

Coefficients Coefficients
Variables
P(WTP=1) P(WTP=2)
College degree =1 1.087" 1.087"
(0.478) (0.478)
Graduate degree 1.440” 1.440”
(0.522) (0.522)
Individual has off farm income =1 -0.949 -0.949°
(0.530) (0.530)
Age of farmer at the time of survey 0.035 0.035
(0.020) (0.020)
Percentage of total land, where litter is
usually applied -0.933 -0.933
(0.576) (0.576)
Individual has contact with extension agents 0.106 0.106
(0.379) (0.379)
Perception that "Water pollution is badly
needed" in the scale of 1-5 -0.199 0.960
(0.163) (0.570)
constant -1.492 -7.844"
(1.375) (2.762)
Number of observations 59
Pseudo R square 0.28
Waldw® (Prob. >w0) 18.66(0.016)

Note: ~,” and” represents the significance level at 0.10, 0.05 ébtir@spectively.
The numbers in parenthesis are robust standard errors.

The Wald test statistics (Chi square with 6 df = 19.57) sigasficant indicating
violation of the parallel regression assumption. Furémalysis detected that the perception
about the need for environmental regulation violated $saraption. Therefore, a generalized
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ordered probit model is employed to relax the parallel ssgwa assumption only for the
perception variable. The estimated coefficients and sh@ndard errors obtained generalized
ordered logit are presented in Table 5.4.

Now, the perception variable is allowed to have difieedfects on different categories
of stated WTP values. The result showed that indiv&dp&rception significantly and positively
affected the likelihood of paying higher amounts ($300 to $500)#&ber pollution control and
decreased the probability of paying less (< $300). Howewefthct of the perception is not

statistically significant for the WTP category < $700

Table 5.5: Marginal effects estimated from the generalizedrdered probit model

Marginal Effects

Variables
P(WTP=1) P(WTP =2) P(WTP =3)
College degree =1 -0.386 0.356 0.030
(0.160) (0.140) (0.048)
Graduate degree -0.528 0.438" 0.090
(0.163) (0.154) (0.098)
Individual has off farm income =1 0.263 -0.255 -0.008
(0.109) (0.109) (0.013)
Age of farmer at the time of survey -0.011 0.011 0.000
(0.006) (0.006) (0.001)
Percentage of total land, where litter is usually
applied 0.301 -0.290 -0.011
(0.172) (0.170) (0.018)
Individual has contact with extension agents -0.034 0.033 0.001
(0.120) (0.116) (0.005)
Perception that "Water pollution is badly needed"
in the scale of 1-5 0.064 -0.075 0.011
(0.054) (0.056) (0.014)

Note:”,” and_ represents the significance level at 0.10, 0.05 adidr@spectively.
The numbers in parenthesis are robust standard errors.
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In addition, the generalized ordered probit model showegadltion of land available for
litter spreading significantly affects the WTP valuee(tlariable was not significant with ordered
probit specification). So, having a larger portion of landpieead broiler litter increases the
likelihood of a paying less for pollution abatement andekses the probability of choosing to
pay higher amount ($300 to $500). The farmers spread biitideras fertilizer for crops
production, the crops demand for fertilizer may utilizarger portion of poultry litter (if not all
produced by broiler production practices) and thereforeplelstion runoff. The individuals
with a larger portion of land available for litter applion believe the pollution runoff should
not be a problem for their land. Thus, their producti@ciices doesn’t contribute enough
nutrient pollution to pollute the nearby water sourdé®refore, these farmers are less likely to
pay a larger amount for water quality control measures.

The mean WTP value was calculated using the parameireatss from the interval
regression model. The estimated average WTP value bhatler producer would like to pay in
order to control water pollution is $260.955.

VI.  CONCLUSION

The broiler production is operated by farmers wherentegrators provide chicks and
feed to the producers and the producers raise chicks to atalketeight. The farmers are paid
based on performance which depends on production efficeamtyhe integrators take the
responsibility of marketing final product. However, nomné¢he beneficiaries takes the
responsibility of litter management to reduce excessemitflow. Such fact forces the
government to regulate the broiler production in ordeetiuce the inverse effect of meat
production on environment. In fact the broiler product®uonder a threat of stringent

government regulation (MacDonald, 2008) which, Segerson areliNi®98) believe, is
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important to protect the environmental quality. Therefdre,doncept of punishing/charging
CAFOs and AFO if it fails to meet the desired levepoliution abatement efforts seems
important to mitigate nutrient pollution contributed by lFoproducers.

The question of “how much” and “what should be congsidébefore setting up a
standard payment level, remains vague. In this study, l&esl the concept of providing
negative incentives for polluters to enforce pollutionteol efforts on their production decision.
A contingent valuation approach is employed to examinaffoedability (or willingness to
spend on water pollution control measures) of the fesiased on socioeconomic as well as
farm level information. Result indicated that theileroproducers are willing to pay about $260
per flock per year as pollution abatement cost. Thigoeoes to almost 20% of their net profit
from broiler production per flock in Louisiana.

The value will be useful at the policy level to underdtdre amount that a farmer is
willing to pay/bear for pollution control measures abaaech an incentive level can be fixed to
enforce environmentally friendly production practices. Tlsreduce the adverse effect of
higher incentive payment on production practices. For pl@rarger incentive payments
provided to help reduce pollution may divert producers’ intdrem production toward
receiving subsidy. This will also reduce the governmepéeediture on incentive payments.
Thus, the policy instruments such as a pollution abatetagnbat are levied beyond the
farmers, WTP value may reduce cost to the government anttnded effect of incentive
payment on production decision.

One drawback in this study is the failure of the ordesgit Imodel to estimate the dollar
amount that an individual can afford to reduce the negatipact of his/her production

practices. The returned survey did not produce enough obises/t use an individual’'s dollar
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value of WTP. Therefore, WTP value is measured usingvalewhere the individual's true
values may fall. As this study is based on farmersiealf the better environment, lack of
complete information about the negative effects ofypiolh on the health and ecosystem and
enough knowledge about the proposed tax policy may hawkento failing to provide the
exact amount of WTP value.
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CHAPTER SIX
CONCLUSION

The large volume of litter produced by confined broiler praodadorces excessive use
of broiler litter on available crop and pasture landdping adverse effects on human as well as
the ecosystem. The negative economic incentives iagsdavith litter transportation and litter
management forces broiler producers to intensify the itepetpplication exacerbating the
nutrient accumulation and runoff.

The broiler producers in Louisiana fail to accommodateifgon reduction effort on their
production decision mainly due to the byproduct nature of pmtiygroduction and externality
nature of water pollution. In addition, the producerktéarealize their production process
contributes enough nutrient pollution to nearby waterdmdihe producers thus, hesitate to
contribute toward the pollution control programs (Héeal 2002; Poet al, 2003). Thus, the
issue of how to best manage agricultural nutrient runedbmes an important concern mainly
among policy makers.

Economists advocate the economic tool is the mosteffestive approach to mitigate
the harmful effects of nonpoint source pollution (fnaa, 2003). Accordingly, my dissertation
evaluated economic aspects of three litter manageoptions to reduce nutrient pollution
originated from broiler productions. Lyon and Maxwell (200®)ort the presumption that
voluntary adoption of environmentally friendly productioagiices is socially beneficial as
compared to others. However, the adoptions of suchipggadBMP) have been very slow,
guestioning the effectiveness of the voluntary efforntbgate water pollution.

The first chapter of this dissertation evaluated th&ofa contributing to the slow
diffusion of the voluntarily adopted BMPs. It is triieat the adoption of a single BMP may

suffice to reduce water pollution and may not requirgtsroapproach for some farms. For
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others, using a BMP may not reduce pollution production toedelevels and require other
practices to be adopted as the complements. An ingpiextion of a second practice thus
depends on the characteristics of previously adopted maetitd level of pollution reduction
from the first one. These characteristics of BMPpidois require an in-depth understanding of
the effect of previously adopted practices before inteniraglopt another one. The result of
this study also supports the argument by showing an existélespendence among multiple
BMP adoptions.

On evaluating the factors supporting/hindering the adoption d®&Nhis study found a
significant correlation among the multiple BMPs adogig@n individual. Therefore the
conditional frailty model that allows for such coatbn is employed to obtain consistent and
efficient parameter estimates in the presence of elegpgndence and shared individual
characteristics. The result from first chapter shlbag@resence of individual level heterogeneity
and /or correlation among multiple BMP adoptions. TEinger variance of the random effect
parameter either originated from event dependence aidnidi specific characteristics shared
among the adoptions by an individual producer. Therefoeesttidy also implies that a deep
understanding of how the adoption of a BMP affects tloption of another BMP while
designing policy tools and strategies to encourage volumangatory BMP adoptions.

The adoption of BMPs in Louisiana shows an initiabst of “S” shaped pattern of
technology adoption where the number of adoption sigmiflg increased after the year 1992.
As the theory of technology transfer suggests, theofédB®1P adoption increased once the
producers became more informative about the BMPs, glthengh neighbors, extension
educations or through the advertisement. The result sugperéssgument showing that the more

informed farmers, through school education and/or comtitictextension agents, adopt BMPs
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faster than their counterparts. Thus, farmers’ educ#tiaugh extension services and the
programs such as master farmer programs become impfatémts to be considered in order to
increase the rate of BMP adoptions.

At the same time, the existing studies claim thattiientary practices are effective only
if implemented as complementary to other pollution redacipproaches such as environmental
regulation or standards. This requires a search for atteznative pollution reduction
mechanisms in order to obtain desired level of polluteztuction. In this regards, this
dissertation evaluated two other economic tools to eaforailer producers to participate on the
pollution reduction goals. The fourth and fifth chapted@sted the factors associated with
farmers’ desire to participate in pollution reduction programs

The forth chapter focused on whether the broiler produmer willing to participate on
production termination program to mitigate water pollutiod vhat would be the incentive
level that suffices to encourage farmers to participatlee programs. It assumes that the
nutrient pollution can be reduced through terminating brpileduction either full or partially.
From the policy perspective, it provides an insight akierfactors to be considered before
setting up incentive payments that encourage broiler proglt@weonoperate with pollution
reduction goal.

This study finds that the size of the farm, significaaffects the size of incentive
payment, represented by the willingness to accept (Wahie, desired by the broiler producers.
The larger farmers are more serious about water pml@ind potential regulations and thus state
a lower WTA values to help reduce water pollution. Lafgemers are also found to be early
adopters of BMPs and are willing to participate on produdgBomination programs. This

implies that the larger farmers are willing to coopevatk pollution reduction program. Larger
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farmer are more responsive to water pollution regulatiay be due to the fact that the CAFO
and AFO regulations are harsh on the large farms aneftine, farmers like to avoid the
consequence of dealing with the harsh environmental/goverahnegtilations.

On the other hand, the significant positive effect ateption that government should
pay farmers to participate in pollution abatement programggested that a sufficient economic
incentive is required to encourage farmers to participagavironmentally friendly production
practices. Individuals with larger crop and pasture langteasl litter are less likely to terminate
the production. In addition the analysis of willingnespag study in chapter five showed that
the individuals with larger crop and pasture land arengillo pay less for pollution control
effort. Therefore, for these individuals, adopting BMRy become the low cost pollution
control option.

Further, contact with extension agents and educatiofoanel to have positive effect on
cooperating with the pollution reduction programs. Chapteetbhows contact with extension
agents increases the likelihood of adopting BMPs edhaar their counterpart; chapter five
showed these individuals pay more dollars to improve meptality. The chapter four showed
individual who know about the alternative approaches tdtgan reduction are less likely to
terminate the broiler production. This result suggestsiigatarmers are reluctant to terminate
the production if alternative approaches are available. €htdpte that the farmers near to the
age of retirement are hesitant to adopt BMPs. Howyelie older farmers are likely to pay more
for water pollution control measures. Thus, the singhlies that policy tools that require
farmers to pay for pollution reduction are more eftectvith the older farmers.

Chapter four and five will be novel in the area of environt@eeconomics in the sense

that it incorporates the farmers’ attitude toward ieatrpollution reduction programs.
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Establishing the appropriate baseline incentive payment basie darmers’ anticipated
amount to receive and pay to mitigate water pollutionds/the unintended negative
consequences of governmental incentive payments. TheagstiW TP and WTA values will
serve as add-on to setting up incentive payments eitttbreas subsidy for producer to reduce
the litter production through curtailing the broiler productay through paying pollution
abatement cost. In addition, the incentive paymemtsats®d be established to enhance the BMP
adoptions. Thus, the second section of this dissemtaicries more weight when it comes to
policy implication on setting up the incentive levelsehcourage pollution reduction efforts.
These chapters are important because very little wkradout the broiler producers’ attitude
and willingness to participate in the pollution reductiongpams. And the understandings of the
factors that affect farmer’s interest to participatéhose programs are critical for the success of
national and state level policy formulation in ordentibigate water pollution.

The third chapter will be novel in the area of BMP adwpas it allows the correlation
among the multiple adoptions while evaluating the dissammaf pollution abatement best
management practices. In fact, the adoptions of nellBMPs are common in practice and the
adoptions are interconnected with one another and tleatisaccounts for the interconnection
among BMPs should be employed to examine the diffusioogss of BMP to reduce nutrient
pollution. The analytical process carries more welggause the process can be replicated to
examine any kind of technology adoption to improve theitpeofel of farming operations.

This study does not provide insight into the magnitude obipoii reduction through the
implementation of BMPs or through production terminatibime questions such as how much
pollution can be reduced by implementing a specific BMibtsaddressed in this dissertation.

Also, the question of how many flocks should be cut@fichieve desired level of water quality
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is determined by the target water quality requirementgiven watershed, which is beyond the
scope of this study. While using the estimated value of WepAesenting incentive that the
farmers need, one should be cautious about unintendedsedfdatger incentive on production
termination. Examining the amount that the individua¢svaitling to pay (WTP) for reducing
water pollution, this study suggests that the incentive payscan be established beyond the
WTP. Doing so reduces the cost of pollution controtifiergovernment as well as the
unintended adverse effect of larger incentive paymentgetedciety and the environments.

The main shortcoming of this dissertation is the lichiember of observation. Since the
data was provided for the analysis, improving the respots@rahe number of observation
become outside the scope of this study. It should alsotieed that the standard errors of the
estimated parameters are based on the small sampétile one should be cautious about the
interpretation of the exact estimates. Howevermbehodology applied in this dissertation is
well suited and can be applied in the similar studiether fields.
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APPENDIX A: TREND IN MEAT CONSUMPTION

/
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Figure Al: Trend in Meat Consumption Over Ninety Five years

Data Source: http://www.ers.usda.gov/Data/FoodConsaption/spreadsheets

/mtpcc.xIs#carcass!al
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APPENDIX B: PROPORTIONAL HAZARD RESIDUAL PLOTS AND TESTS

The probability of chi-square value is larger than 0.05 wimgdlies that the proportional

hazard assumption holds for each variable.

Table B1: Test of proportional-hazards assumption

Variables rho chi2 Prob>chi2
Broiler numbers 0.18352 1.583 0.2154
Experience 0.35913 5.93 0.0149
Education -0.11799 0.57 0.4494
Age 0.09061 0.28 0.5973
Farm income 0.24339 1.92 0.166
Co_ntd. after -0.09532 0.53 0.4685
Ownership 0.19337 1.05 0.3057
Policy -0.08272 0.3 0.5826
Contact with -0.02069 0.02 0.9019
Global test 13.34 0.1478
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The scaled schoenfeld residual are plotted to examinesthwemption of Cox proportional

hazard model. Few of them are listed on the followiggrk.

Figure B1: Residuals plots to check the whether the proptional hazard assumption hold
for each variable used in the model.
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Figure B2: Nelson Aalen cumulative hazard function for BMPadoption differentiated by
type of available BMPs
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Figure B3: Nelson Aalen cumulative hazard function for firs BMP adoption for an
individual
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Figure B4: Nelson Aalen cumulative hazard function for secahBMP adoption for an
individual
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Covariance Structure of Variance Corrected Models

The variance correction model are based on the folpwetting of covariance matrix: The
variance corrected models are based on robust standairsl which accounts for
interdependence across repeated or heterogeneous @ventegular variance-covariance

matrix is obtained by:

The robust standard error is;
L

Paga PA( S PE
M/

And the cluster corrected standard error to allow feridéterogeneity can be stated as;

'|' LE C LE
Pejaea PAE EIE( o 1A( Jf PE
owm/ M/ M/

WhereVis number of clusterg. is the contribution of individualto the score function

’}% evaluated ab.
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Table B.2: Data setting for conditional frailty model

Serial no event  Adoption yr start end duration1 Evenino broilernol  year Experience age
1 1 2000 0 46 46 1 500 15 25
1 0 2004 46 50 4 2 500 15 25
2 1 1998 0 14 14 1 600 20 20 50
2 0 2004 14 20 6 2 600 20 20 50
3 1 1994 0 15 15 1 384 10 25 64
3 0 2004 15 25 10 2 384 10 25 64
4 1 2002 0 2 1 750 12 4 52
4 0 2004 2 4 2 750 12 4 52
5 1 2003 0 25 2.5 1 500 30 14 48
5 0 2004 25 35 2 500 30 14 48
6 0 2004 0 4 4 1 657.6 35 4 42
7 0 2004 0 24 24 1 284.8 24 61
8 0 2004 0 30 30 1 240 30 63
9 0 2004 0 24 24 1 550 10 35 53
10 1 1996 0 2 2 1 595 10 64
10 0 2004 2 8 6 2 595 10 64
11 0 2004 0 6 6 1 800 25 9 32
12 1 1995 0 3 3 1 880 0 12 79
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APPENDIX C: HECKMANS SAMPLE SELECTION MODEL USIGN T WO-STEP
PROCEDURE AND RESULT

Two-step Estimator

Conditional expected value of givent is;
&t ~ 37:% ~ &R,
Lo I,
Where! is a real number ranging over and; and represents the density and

distribution functions of the standard normal distribat respectively. The expected value of

WTA, for an individual , is now expressed as follows, given that ;

C & ~ 57-% D-sRsF$, (4.9

The Heckman'’s two-step estimator is obtained basedjaatien 4.9. At the first stage, the
probit maximum likelihood approach is employed to estimatesistent estimates @fs. The7 g
is replaced by estimated maximum likelihood estimBorThen ordinary least square approach

is used to estimatés .

At the first step, the model endogenizes the respondaantiscipation decision to
estimate the probability of selection (participatioff)en, at the second step, the estimated
probability (through mills ratio or cdf and pdf of the papation decision) is used while

estimating the expected value of WTA.
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Table C1: The determinants of willingness to participatebinary variable §-

(Two step)

WTA seen Coef. Std. Err.
Number of broilers/100000 0.171 0.106
Individual has off-farm income =1 -1.290 0.576
Percentage of land owned by the grower -0.066  0.029
Ownership of business; individual owner=1 -1.079 0.622
Perception that government should pay for water

conservation in the scale of 1-5 -0.559 0.249
If there are housing subdivisions in nearby =1 0.222  1.233
Age of farmer at the time of survey -0.086 0.035
Heard about BMP 1.381 0.616
Constant 0.171 0.106
Wald chi2(8) 47.91

Prob > chi2 0.000

132



Table C2:The determinants of WTA: The sample selection modiéor @ - (Two step)

Variables Coefficients Std. Errors
Number of broilers/100000 -241.124 133.348
Individual has off-farm income =1 2515.122 911.290
Perception that government should pay for water
conservation in the scale of 1-5 973.166 314.715
If there are housing subdivisions in nearby =1 562.233 1265.308
Ownership of business; individual owner=1 1453.298 851.696
Heard about BMP 2080.730 1067.652
Age of farmer at the time of survey -32.350 36.402
Farm income up to 49,999 3576.696 1372.426
Farm income up to 50,000 to 99,999 1876.217 1418.725
Farm income greater than 99,999 2814.687 1453.112
Constant -2260.043 2928.690
2623.107 1440.103
- 0.958
. 2738.576
Pseudo R-square 0.419
No of obs. 70
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Table C3: Regression of estimated inverse mills ratio to exane correlation

Variables Coefficients Std. Errors
-0.04C" 0.015’
Number of broilers/100000
0.36£" 0.097
Individual has off-farm income =1
Perception that government should pay for 0.121" 0.035
water conservation in the scale of 1-5
If there are housing subdivision in nearby 0.156" 0.149
=1
0.22¢ 0.101
Ownership of business; individual owner=1
-0.17¢ 0.121
Heard about BMP
0.017" 0.00<
Age of farmer at the time of survey
0.042¢ 0.17¢
Farm income up to 49,999
0.02¢ 0.17(¢
Farm income up to 50,000 to 99,999
0.12¢ 0.17
Farm income greater than 99,999
-1.03¢” 0.34¢
Constant
R-squared 0.433
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Table C4:

Correlation table with inverse mills ratio

mill bn off inc govt pa’ housint owne bmp age¢ inc50K incl00k inc mort
mill 1.0C
bn -0.27  1.0C
Off_inc 0.2z  0.0¢ 1.0C
gov_pay 0.1f 0.2z -0.12 1.0C
housing -0.01 0.11 -0.01 -0.11 1.0C
owner 0.1¢ 0.0t -0.1¢ 0.2( 0.1C 1.0C
bmp -0.2z  0.0¢ 0.0¢ 0.01 0.0t 0.0z 1.0C
age 0.3z -0.1C -0.12 -0.3¢  -0.1C -0.1¢ -0.2¢ 1.0C
Inc50K 0.11 -0.1¢ -0.0z -0.0:  -0.11 -0.0¢ -0.37 0.1¢ 1.0C
Incl00K| -0.0¢ -0.0¢ -0.1: -0.0¢ 0.0¢ 0.1z 0.2¢ 0.0t -0.5( 1.0C
Incmore| 0.0¢ 0.0] 0.0¢ 0.0 -0.07 -0.1: 0.1¢ -0.8¢8 -0.3¢ -0.42 1.0C
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APPENDIX D: DISTRIBUTION OF VARIABLES USED

Table D1: Distribution of dependent variable

WTP categories Freq. Percent Cum.
WTP < 300 43 69.35 69.35
300< WTP < 500 15 24.19 93.55
500< WTP < 700 4 6.45 100
Total 62 100
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Table D2: Education attained by respondents

Education level Freq. Percent Cum.
Less than high school 51 68.92 68.92
College 18 24.32 93.24
Graduate 5 6.76 100
Total 74 100
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APPENDIX E: STATA PPROGRAM
APPENDIX E1: CODES USED IN CHAPTER THREE

clear

set more off
capture log close
set logtype text

*log using "C:\Documents and Settings\Ashish\My Doc uments\ndevkol$ on 'Agec-
serverl' (Z)\dissertation1\Adoption\analysis\stata \result_June4th.doc",
replace

insheet using "C:\Documents and Settings\Ashish\My Documents\ndevkol$ on
'‘Agec-serverl' (Z)\dissertation1\Adoption\analysis \stata\

data_stata3.txt"

***  RUN THIS ONLY TO GET GRAPH OF ADOPTION OVER TI ME
*keep if event ==
*sort adoptionyr
*gen n=_n
*keep serialno adoptionyr n
*graph twoway line n adoptionyr

*kk HOUSI NG *kkkkkkkk
replace q43_housing=. if g43_housing>1

*kk PO L I CY *kkkkkkkk
gen policy1996=0
replace policy1996=1 if adoptionyr>1996
replace policy1996=. if adoptionyr==.

*kk E D U CATI O N *kkkkkkkkk
*list q43_educ if g43_educ==

gen educl=0 if g43_educ==1

replace educl1=0 if g43_educ==
replace educl1=0 if g43_educ==
replace educl=1 if g43_educ==
replace educl=1 if g43_educ==
replace educl1=0 if g43_educ==

replace educl=. if g43_educ==
replace educl=. if g43_educ==.

*kk AG E *kkkkkkkkk
*list q43_age if g43_age==
replace q43_age=. if g43_age==
replace q43_age=25 if g43_age==2.5
replace q43_age=. if g43_age==.

*kk OWN ERSH I P *kkkkkkkkk

*list q43_ownership if g43_ownership==
*list q43_ownership if g43_ownership==
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*kk

*kk

*kk

*kk

*kk

*kk

Kkkk

*kk

gen q43_ownershipl=1 if g43_ownership==
replace g43_ownershipl=1 if g43_ownership==1
replace g43_ownershipl=1 if q43_ownership==
replace g43_ownershipl=2 if q43_ownership==
replace g43_ownership=. if g43_ownership==
replace g43_ownership=. if g43_ownership==
replace g43_ownership=. if g43_ownership==.

MARITAL R
list g43_marital if g43_marital==0

gen g43_marital1=1 if g43_marital==
replace q43_marital1=0 if g43_marital != 3
replace q43_maritall=. if g43_marital==
replace q43_maritall=. if g43_marital==.

GENDER ok kk Kk kr KK
*list q43_gender if q43_gender==

replace q43_gender=. if g43_gender==

R AC E *kkkkkkkkk
list g43_race if g43_race==
gen g43_racel =1 if g43_race ==
replace q43_racel =0 if g43_race =4
replace q43_racel =. if g43_race ==.

R ETI R E *kkkkkkkkk
*list q43_retire if q43_retire==1

gen g43_retirel=1 if g43_retire ==

replace q43_retire1=0 if q43_retire==
replace q43_retire1=0 if q43_retire==
replace q43_retirel=. if g43_retire==
replace q43_retirel=. if q43_retire==.

ASSET LIAB *kkkkkkkkk
*list q43_assetliab if g43_assetliab==6
replace q43_assetliab=. if q43_assetliab==

PERCENTAGE OF INCOME FROM BROILER #**#*#xxiox
replace q43_perfarminc=. if g43_perfarminc==

FARM INCOME #itcns

there no 6 in the category
*list q43_farmincome if q43_farmincome==1

gen g43_farmincomel=0 if g43_farmincome==
replace q43_farmincomel1=0 if g43_farmincome==
replace q43_farmincomel=1 if g43_farmincome==
replace q43_farmincomel=1 if g43_farmincome==
replace q43_farmincomel=1 if g43_farmincome==1

replace q43_farmincome=. if g43_farmincome==
replace q43_farmincome=. if g43_farmincome==.
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corr g2_broilernol g30_bmp q7_litterac q43_exper g4

*kk

*kk

*kk

Xi:

*kk

Xi:

*kk

Xi:

*kk

Xi:

*kk

Xi:

g43_gender g43_maritall g43_racel gq43_farmincomel
g43_housing g43_ownershipl g43_assetliab policy199

stset duration, failure(event)
stsum, by(bmp)

NELSON ALLEN CUMMULATIVE HAZARD FUNCTION
sts list,na
sts graph, na

id(serialno)

PROPORTIONAL HAZARD MODEL

stcox q2_broilernol q43_exper i.educl i.q43_far
g43_ownershipl policy1996 g44_contact, efron nolo
stcox, nohr

CLUSTER CORRECTED MODEL

stcox q2_broilernol q43_exper i.educl i.q43_far
g43_ownershipl policy1996 g44_contact, efron clust
tvc(q43_age)
stcox, nohr

WLW MODEL

stcox q2_broilernol q43_exper i.educl i.q43_far
g43_ownershipl policy1996 g44_contact, efron strat
cluster(serialno) nolog tvc(q43_age)
stcox, nohr

SHARED FRAILTY MODEL

stcox q2_broilernol q43_exper i.educl i.q43_far
g43_ownershipl policy1996 g44_contact, frailty(gam
efron nolog tvc(g43_age)
stcox, nohr

TESTING ASSUMPTION OF COX PROPORTIONAL HAZARD
stcox g2_broilernol q43_exper i.educl gq43_age q
g43_retirel g43_ownershipl policy1996 gq44 _contact,
schoenfeld(sch*) scaledsch(sca*)

stphtest, log detail

stphtest, log plot(q2_broilernol ) yline(0)
stphtest, log plot(q43_exper ) yline(0)
stphtest, log plot(g43_age ) yline(0)
stphtest, log plot(_leducl_ ) yline(0)
stphtest, log plot(g43_farmincomel ) yline(0)
stphtest, log plot(q43_retirel ) yline(0)
stphtest, log plot(q43_ownershipl ) yline(0)
stphtest, log plot(policy1996) yline(0)
stphtest, log plot(q44_contact) yline(0)
stphtest, log plot(q43_maritall ) yline(0)
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g43_retire
6

mincomel g43_retirel
g tvc(g43_age)

mincomel g43_retirel
er(serialno) nolog

mincomel g43_retirel
a(bmp)

mincomel g43_retirel
ma) shared(serialno)

43 farmincomel
efron nolog noshow



R CODES FOR CONDITIONAL FRAILTY MODEL

library(survival)

data<-read.table("C:\\Documents and Settings\\Ashis
on 'Agec-serverl' (Z)\\dissertation1\\Adoption\\an
r21.ixt", header = TRUE)

cond.frailty.gamma<-coxph(formula = Surv(start, end
exper + age + educl + farmincomel + retirel + owne
contact + strata(eventno) + frailty.gamma(serialno
beta.cond.f.gamma<- cond.frailty.gamma$coef
naivese.cond.f.gammas<- sqrt(diag(cond.frailty.gamm
se.cond.f.gamma<-sqrt(diag(cond.frailty.gamma$var2
loglikel.cond.f.gamma<-cond.frailty.gamma$loglik|[
loglikel.cond.f.gamma
loglike2.cond.f.gamma<-cond.frailty.gamma$loglik|[
loglike2.cond.f.gamma
theta.cond.f.gammas<-cond.frailty.gammashistory[[1]
theta.cond.f.gamma
Il.cond.f.gammas<-cond.frailty.gammashistory[[1]]$c
Il.cond.f.gamma
summary(cond.frailty.gamma)

)
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APPENDIX E2: CODES USED IN CHAPTER FOUR

version 10.0

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkk

xx HECKMAN 2 STEP PROCEDURE

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkk

capture log close
set more off

insheet using "C:\Documents and Settings\Ashish\My
'‘Agec-serverl' (Z)\dissertation1\WTP and WTA\analy
DATA_ORDLOGIT_SAS.txt", clear

log using "C:\Documents and Settings\Ashish\My Docu
serverl' (Z)\dissertation1\WTP and WTA\analysis\WT
result_dec_30th_heckman_final.doc", replace text

*** DEPENDENT VARIABLE FOR SELECTION MODEL =~ #*****

Documents\ndevkol1$ on
sis\WTP\data\

ments\ndevkol1$ on 'Agec-
A\

kkkkkkkkkkkkkkhkkk

- WHO ANSWERED ZERO TO THE WTA QUESTION ARE NON-PARTICIPATOR AND ARE

SELECTED OUT FROM THE WTA MODEL.

*»*  DUE TO OUTLIER THE UPPER END OF WTA IS TRUNCATE D AT Q3+*2 INTERQUARTILE

RANGE;

replace wta=0 if q24_minwta==0 & g24_minwta!=.
gen wtaseen=1 if g24_minwta>0

replace wta=. if Q24_minwta==.

replace wtaseen=0 if q24_minwta==

replace wtaseen=0 if q24_minwta==.

list wtaseen g24_minwta wta

*kk MAR ITAL STATU S kkkkkkkkkkkkkkhkkkkkkkkkkk

x o Q43_MARITAL: 1= SINGLE; 2=DIVORSED; 3=MARRIED;

»*  THERE ARE NO OBSERVATIONS ON 2

*»*  THERE ARE 5 INDIVIDUALS WITH 5 AND THESE ARE CO

*kk

drop married

*list q43_marital if g43_marital==5
gen married=1 if g43_marital==3
replace married = 0 if g43_marital'=3
replace married = . if g43_marital==.
*list married q43_marital

*kk S PO U C E - I N C O M E kkkkkkkkkkkkkkkkkkkkkkkkkk

x - Q43_SPOUCEINCOME=1 IF SPOUCE HAS INCOME ELSE 0

*kk

*list q43_spouceincome if q43_spouceincome==1
**********MAR R I E D*S PO U C E I N CO M E*********************

gen married_sincome=married*q43_spouceincome
*list married married_sincome g43_spouceincome
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kkkkkkkkkk ASS ET L IAB I LTI Y dkkkkkkkkkkkkkkkkkk

*kk

*kk

*kk

Q43_ASSETIAB: 1=NO DEBT; 2=1-20%, 3=21-40%; 4=4
THERE ARE 4 INDIVIDUALS THAT HAVE 0 AND ARE COD

*list q43_assetliab if g43_assetliab==5

drop assetliab

gen assetliab=1 if g43_assetliab==0|q43_assetliab=
replace assetliab=0 if
g43_assetliab==3|g43_assetliab==4|q43_assetliab==5
*list assetliab g43_assetliab

kkkkkkkkkk OWN E R S H I P kkkkkkkkkkkkkkkkkkkkkkkkk

*kk

*kk

*kk

Q43_OWNERSHIP: 1=INDIVIDUAL; 2= FAMILY; 3=FATHE
THERE ARE NO OBSERVATIONS ON 3
THERE ARE 5 INDIVIDALS WITH 0 AND ARE CODED AS

*list q43_ownership if g43_ownership==
gen ownership=1 if g43_ownership==
replace ownership=1 if g43_ownership==1
replace ownership=0 if g43_ownership==
replace ownership=0 if g43_ownership==
replace ownership=0 if g43_ownership==

kkkkkkkkk O F F FAR M I N CO M E kkkkkkkkkkkkkk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

Q43_OFFINCOME: 1= OWNER HAS OFF FARM INCOME TOO
*list q43_offincome if g43_offincome==1

Q43 FARMINCOME *kkkkkkkkkkkkkkkkkkkkkkkkkk

Q43_FARMINCOME: 1= >100000 2=50000-99999; 3=0-4

LOSS 25000-50000; 6=LOSS>50000
THERE ARE NO OBS ON 6

1-60%; 5=>60%
EDAS 1

=1|g43_assetliab==

R-SON; 4=0THERS

1

9999; 4=LOSS <25000; 5=

3 AND 4 ARE CHNAGED TO ONE CATEGORY TO MAKE EQU AL INTERVAL

*list q43_farmincome if q43_farmincome==

gen farm_income =1 if q43_farmincome==4 | q43_farm
replace farm_income =2 if g43_farmincome==

replace farm_income=3 if g43_farmincome==

replace farm_income =4 if g43_farmincome==1

*list farm_income q43_farmincome
Q43_E D U CATI o N kkkkkkkkkkkkkkkkkkkkkkkkkkk

Q43_EDUC: 1= > H SCHOOL,; 2= HIGHSCHOOL; 3=COLLE
5=GRADUATE; 6= VOCATIONAL
THERE IS NO OBSERVATION ON 6

drop educ

*list q43_educ if g43_educ==

gen educ =1 if g43_educ==1 | q43_educ==
replace educ=2 if g43_educ==3 | q43_educ==
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replace educ=3 if g43_educ==
*list q43_educ educ

*kk Q43_H o U S I N G *kkkkkkkkkkkkkkkkkkkkkkkkk
*list q43_housing if g43_housing==1

*kk Q43_R ET I R E kkkkkkkkkkkkkkkkkkkkkkkkkk

*list q43_retire if q43_retire==

*kk Q2 BROILERNO kkkkkkkkkkkkkkhkkkkkkkkkkkk
***  NUMBER OF BROIER IN 100,000

*kk

gen bn=qg2_broilerno/100000

x Q43_PERS ENVIRONMENTAL PERCEPTIONS ko

¥x o pay = Q43_PERS11-15= GOVT SHOULD PAY FARMERS FO R WATER CONSERVATION
PRACTICES 5=STONGLY AGREEE

o Q43_PERS16-20 = GOVT SHULDNOT BE INVOLVED IN AG RICULTURE 5=STONGLY
AGREEE

o Q43_PERS21-25 = GOVT INVOLVED IN AG HELPS FARME RS 5=STONGLY AGREEE

»*  THERE IS ONE OBS WITH GOVT_PAY==6 THAT ISCHAGN EDTO05

egen govt_pay = rowtotal(q43_pers11-g43_persl5)
replace govt_pay=5 if govt_pay==

replace govt_pay =. if govt_pay==

egen govt_inv=rowtotal(q43_pers16-q43_pers20)
replace govt_inv =. if govt_inv==

egen govt_ag = rowtotal(q43_pers21-943_pers25)
replace govt_ag=. if govt_ag==

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkhkkkkkkkkkx

**  CORRELATION CHECK

xi:  corr wta wtaseen bn q43_offincome govt_pay g43_ housing ownership
g30_bmp q43_age i.farm_income per_own ownership

*»**  VARIABLE SELECTION FOR WTASEEN FROM STEPWISE PR OBIT

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkk

xi: stepwise, pr(.30): probit wtaseen bn educ per_o wn per_littuse ownership
g30_bmp assetliab q43_age gq43_firmage q43_offincom e g43_housing
g44_contact g41_year gq43_exper q40_plantosp govt_p ay

***  SELECTED VARIABLES FOR WTASEEN FROM STEPWISE PROBIT
*bn gq43_offincome per_own ownership govt_pay g43_ age q30_bmp

*»**  VARIABLE SELECTION FOR WTA FROM STEPWISE REGRES SION

Xi :stepwise, pr(.30): reg wta bn educ per_own per_ littuse ownership
g30_bmp assetliab q43_age g43_firmage q43_offincom e g43_housing
g44_contact g41_year q43_exper q40_plantosp govt_p ay i.farm_income

**  SELECTIED VARIABLES FOR WTA FROM STEPWISE REGRE SSION
*bn gq43_offincome govt_pay g43_housing ownership g 30_bmp g43_age
i.farm_income

sum wta bn g43_offincome govt_pay q43_housing owne rship g30_bmp g43_age
farm_income
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w* HECKMAN'S SELECTION MODEL

*kk SUMMARY STATISTICS *kkkkkkkkkkkkkkkkkkkkk

xi:  sum wta bn q43_offincome govt_pay g43_housing ownership q30_bmp
g43_age i.farm_income wtaseen per_own g41_year

xi:  corr mill bn g43_offincome govt_pay q43_housin g ownership q30_bmp

g43_age i.farm_income

**  HECKMAN MODEL SAMPLE SELECTION MODEL (TWO STEP)

xi: heckman wta bn q43_offincome govt_pay g43_hous ing ownership q30_bmp
g43_age i.farm_income, select(wtaseen =bn q43_off income per_own
ownership govt_pay q43_housing q43_age q30_bmp) fi rst twostep
mills(mill)
predict ycond, ycond
sum ycond

xi:  reg mill bn g43_offincome govt_pay q43_housing ownership q30_bmp
g43_age i.farm_income
vif

***  HECKMAN SAMPLE SELECTION MODEL (MLE)

xi:  heckman wta bn q43_offincome govt_pay g43_hous ing ownership q30_bmp
g43_age i.farm_income, select(wtaseen =bn q43_offi ncome per_own
ownership govt_pay q43_housing q43_age q30_bmp) fi rst
predict ycond1, ycond
sum ycondl

xi:  reg wta bn q43_offincome govt_pay g43_housing ownership q30_bmp g43_age
i.farm_income, robust
predict xb
sum xb

***  OLS of wta

xi:  reg wta bn q43_offincome govt_pay g43_housing ownership q30_bmp g43_age
i.farm_income, robust
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APPENDIX E3: CODES USED IN CHAPTER FIVE

version 10.0
set more off
clear
capture log close

insheet using "C:\Documents and Settings\Ashish\My Documents\ndevkol$ on
'‘Agec-serverl' (Z)\dissertation1\WTP and WTA\analy sis\WTP\data\
DATA_ORDLOGIT_SAS.txt", clear

*log using "C:\Documents and Settings\Ashish\My Doc uments\ndevkol$ on 'Agec-
serverl' (Z)\dissertation1\WTP and WTA\analysis\W TP\

*kk

*kk

*kk

*kk

*kk

*kk

*kk

*kk

result_ologit 6TH_NOV.doc", replace text

MAR I TAL STATU S kkkkkkkkkkkkkkkkkkkkkkkk

drop married
Q43_MARITAL: 1= SINGLE; 2=DIVORSED; 3=MARRIED; 4=WIDOWED
THERE ARE NO OBSERVATIONS ON 2
THERE ARE 5 INDIVIDUALS WITH 5 AND THESE ARE CO DED AS O

*list q43_marital if g43_marital==5
gen married=1 if g43_marital==3
replace married = 0 if g43_marital'=3
replace married = . if g43_marital==.

*list married q43_marital

SPOUCE-INCOME Fkkkdokkkkokkkkokokkkkokkkkkkkk
Q43_SPOUCEINCOME=1 IF SPOUCE HAS INCOME ELSE 0

*list q43_spouceincome if q43_spouceincome==1

**********MAR R I E D*S PO U C E I N CO M E********************* kkkkkkkkkkkkkkkkkkkk

*kk

*kk

*kk

*kk

Kkkk

*kk

*kk

gen married_sincome=married*q43_spouceincome
*list married married_sincome g43_spouceincome

ASS ET L IAB I LTI Y kkkkkkkkkkkkkkkkkkkkkkkkkk

Q43_ASSETIAB: 1=NO DEBT; 2=1-20%; 3=21-40%; 4=4 1-60%; 5=>60%
THERE ARE 4 INDIVIDUALS THAT HAVE 0 AND ARE COD EDAS 1

*list q43_assetliab if g43_assetliab==5

drop assetliab

gen assetliab=1 if g43_assetliab==0|q43_assetliab= =1|g43_assetliab==
replace assetliab=0 if

g43_assetliab==3|g43_assetliab==4|q43_assetliab==5

*list assetliab g43_assetliab

OWN E R S H I P kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Q43_OWNERSHIP: 1=INDIVIDUAL; 2= FAMILY; 3=FATHE R-SON; 4=0THERS
THERE ARE NO OBSERVATIONS ON 3
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*»*  THERE ARE 5 INDIVIDALS WITH 0 AND ARE CODED AS 1

*list q43_ownership if g43_ownership==
gen ownership=1 if g43_ownership==
replace ownership=1 if g43_ownership==1
replace ownership=0 if g43_ownership==
replace ownership=0 if g43_ownership==
replace ownership=0 if g43_ownership==

*kk O F F FAR M I N CO M E kkkkkkkkkkkkkkkkkkkkkk

x o Q43_OFFINCOME: 1= OWNER HAS OFF FARM INCOME TOO

*kk

*list q43_offincome if g43_offincome==1
*kk Q43 FAR M I N CO M E *kkkkkkkkkkkkkkkkkhkhkkkkkkkkk

*»x Q43 FARMINCOME: 1= >100000 2=50000-99999; 3=0-4 9999; 4=LOSS <25000; 5=
LOSS 25000-50000; 6=LOSS>50000

*»**  THERE ARE NO OBS ON 6

** 3 AND 4 ARE CHNAGED TO ONE CATEGORY TO MAKE EQU AL INTERVAL

*kk

*list q43_farmincome if q43_farmincome==

gen farm_income =1 if q43_farmincome==4 | q43_farm income==
replace farm_income =2 if g43_farmincome==

replace farm_income=3 if g43_farmincome==

replace farm_income =4 if g43_farmincome==1

*list farm_income q43_farmincome
*kk Q43_E D U CATI o N *kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

**  Q43_EDUC: 1=>H SCHOOL; 2= HIGHSCHOOL,; 3=COLLE GE; 4=UNDERGRAD;
5=GRADUATE; 6= VOCATIONAL
**  THERE IS NO OBSERVATION ON 6
*kk
drop educ
*list q43_educ if g43_educ==
gen educ =1 if g43_educ==1 | q43_educ==
replace educ=2 if g43_educ==3 | q43_educ==
replace educ=3 if g43_educ==
*list q43_educ educ

*kk Q43_H O U S I N G kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

*list q43_housing if g43_housing==1

Kkkk Q43_R ETI R E kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

*list q43_retire if q43_retire==

*kkk Q43 PLANTOSP *kkkkkkkkkkkkkkkkkkkkkkkkkkkk
**  Q40_PLANTOSP: 1=NONE; 2=<20000; 3= 20000-50000; 4=>50000
*kk

*list q40_plantosp if q40_plantosp==

gen plantosp=1 if q40_plantosp==1

replace plantosp=2 if g40_plantosp==
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replace plantosp=3 if g40_plantosp==
replace plantosp=4 if g40_plantosp==
*list plantosp if g40_plantosp==

*kk kkkkkkkkkkkkkkkkkkkkkkk

Q2_BROILERNO
NUMBER OF BROIER IN 100,000

*kk
*kk

gen bn=qg2_broilerno/100000

*kk kkkkkkkkkkk

Q43_PERS ENVIRONMENTAL PERCEPTIONS

pay = Q43_PERS11-15= GOVT SHOULD PAY FARMERS FO
PRACTICES 5=STONGLY AGREEE

Q43_PERS16-20 = GOVT SHULDNOT BE INVOLVED IN AG
AGREEE

Q43_PERS21-25 = GOVT INVOLVED IN AG HELPS FARME

Q43_PERSI1-5 = LAWS AND REGULATION ARE BALY NEED

Q43_PERS5-10 = WATER CONSERVATION PRACTICES ARE
5=STONGLY AGREEE

*kk
*kk

*kk
*kk

*kk

*kk

THERE IS ONE OBS WITH GOVT_PAY==6 THAT IS CHAGN

egen reg_needed = rowtotal(q43_pers1-g43_pers5)
replace reg_needed =. if reg_needed ==

egen prog_carried= rowtotal(g43_pers10-g43_persl5)
replace prog_carried=. if prog_carried==0

egen govt_pay = rowtotal(q43_pers11-g43_persl5)
replace govt_pay=5 if govt_pay==
replace govt_pay =. if govt_pay==

egen govt_inv=rowtotal(q43_pers16-q43_pers20)
replace govt_inv =. if govt_inv==

egen govt_ag = rowtotal(q43_pers21-943_pers25)
replace govt_ag=. if govt_ag==

*kk kkkkkkkkkkkkkkkkkkkkhkk

EDUC * OFFINCOME
gen offinc_educ=q43_offincome*educ

list g27_d1 g29_maxwtp if q27_d1==. & q29_maxwtp
replace q27_d1=1if q27_d1==. & g29_maxwtp !=.

*kk kkkkkkkkkkkkkkkkkkkkkkkkkkkk

SUMMARY STATISTICS
Corr g27_d1 bn per_own wtp per_littuse q19_litterp
g40_plantosp g41_year g43_exper g43_age g43_firmag
g43_marital q43_offincome g43_spouceincome g43_far
g43_retire g43_housing q43_worth q43_perstotal q44
sum g27_d1 broilerno per_own wtp per_littuse q19 _|I

039_b g39_m g40_plantosp q41_year g42_relative q43
g43_firmage g43_educ q43_gender g43_marital g43_of
g43_spouceincome g43_farmincome g43_assetliab q43_
g43_worth q43_perstotal g44_contact married marrie
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RICULTURE 5=STONGLY
RS 5=STONGLY AGREEE

ED 5=STONGLY AGREEE
OFTEN CARRIED TOO FAR

EDTOS

rodn g30_bmp
e g43_educ q43_gender
mincome g43_assetliab
_contact

itterprodn q30_bmp q39_e
_exper g43_age
fincome
retire g43_housing
d_sincome



Xi:  stepwise, pr(.25): ologit q27_d1 bn reg_needed prog_carried per_own

per_littuse g30_bmp g40_plantosp g41_year g43_expe r g43_age farm_income

i.educ g43_gender g43_marital g43_offincome q43_sp ouceincome

g43_assetliab q43_housing q43_worth g43_perstotal g44_contact govt_pay
xi: omodel logit q27_d1 q43_age govt_pay g43_perst otal i.educ per_littuse

g43_offincome i.plantosp

i ORDERED LOGIT

xi:  sum g27_d1 i.educ g43_offincome q43_age per_lit tuse g44_contact
reg_needed
tab educ
tab g27_d1

xi: ologit q27_d1 i.educ g43_offincome q43_age per _littuse q44_contact

reg_needed, robust

mfx, predict(outcome(3))
mfx, predict(outcome(2))
mfx, predict(outcome(1))

xi:  omodel logit q27_d1 i.educ g43_offincome q43_a ge per_littuse
g44_contact reg_needed

xi: gologit2 q27_d1 i.educ g43_offincome q43_age p er_littuse g44_contact
reg_needed, autofit(0.1) Irforce robust
mfx2

ke BELOW IS THE ANALYSIS FOR INTERVAL REGRESSIO N MODELS

gen g27_dldown=0 if g27_d1==1

gen q27_dlup =299 if g27_d1==1
replace q27_d1down=300 if q27_d1==2
replace q27_dlup =499 if g27_d1==2
replace q27_d1down=500 if g27_d1==
replace q27_dlup =. if 27_d1==3

list g27_d1 g27_d q27_dldown gq27_dlup

xi: intreg q27_dldown g27_d1lup i.educ q43_offincom e g43_age per_littuse
g44_contact reg_needed, robust
fitstat
predict yhat

sum yhat
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