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“Health and Environmental Benefits of Reduced PesticidéJse in Uganda:

An Experimental Economics Analysis”

J. Bonabana-Wabbi

(Abstract)

Two experimental procedures are employed to value botthhesad environmental
benefits from reducing pesticides in Uganda. The first éxgaet, an incentive compatible
auction involves subjects with incomplete informatioacplg bids to avoid consuming
potentially contaminated groundnuts/water in a framed fiefzeemental procedure. Three
experimental treatments (information, proxy good, and gteegiments) are used. Subjects
are endowed with a monetary amount (starting camtalivalent to half the country’s per
capita daily income (in small denominations). Two hundnedi féty seven respondents are
involved in a total of 35 experimental sessions in Kampaldgamba districts. Tobit model
results indicate that subjects place significant pasitialues to avoid ill health outcomes,
although these values vary by region, by treatment ansbobyp-economic characteristics.
Gender differences are important in explaining bidder \daehawith male respondents in
both study areas bidding higher to avoid ill health outcaimes females. Consistent with a
priori expectation, rural population’s average willingnesgay (WTP) to avoid ill health
outcomes is lower (by 11.4 percent) than the urban popnlatWTP possibly reflecting the
poverty level in the rural areas and how it translatés reduced regard for health and
environmental improvements. Tests of hypotheses sugggsbyding brief information to
subjects just prior to the valuation exercise doesnfateince bidder behavior, (i) subjects
are indifferent to the source of contamination: WTP awid health outcomes from
potentially contaminated water and groundnuts are not &ignify different, and (iii) the
classical tendency to free-ride in public goods provisiobseoved, and this phenomenon is
more pronounced in the urban than the rural area.

The second experimental procedure involved 132 urban respomagkitsy repeated
choices from a set of scenarios described by attriboftegater quality, an environmental
good. Water quality is represented by profiles of wateetgalevels at varying costs.
Analysis using the conditional (fixed effects) logit sleal that urban subjects highly
discount unsafe drinking water, and were willing to pag leor safe agricultural water, a
result not unexpected considering that the urban populaiarot directly involved in
agricultural activities and thus does not value agricultueger quality as much as drinking
water quality. Results also show that subjects’ utilitgreases with the cost of a water
sample (inconsistent with a downward sloping demand cusuggesting perhaps that they
perceived higher costs to be associated with higherrwauality. Some theoretically
inconsistent results were obtained with choice expamim
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1.0 Introduction
Chemical use is prevalent in many agricultural systéise prevalent is

documented evidence of health and environmental risks atsbeidh chemical exposure.

A wide array of chemicals exists including fertilizarsecticides, fungicides, herbicides and
more. All are potentially harmful if incorrectly useahdacan be linked to adverse human
health conditions including cancer, reproductive disordbnth, defects and more. The risk
posed by extensive pesticide use in particular has gederahcern and as a response,
organic farming and Integrated Pest Management (IPM) avebatng promoted and
incorporated into national agricultural policies in many coest In addition, a heightened
awareness of the need for a cleaner environment has tdgperestablishment of many
programs geared to ensuring sustainable agricultural praddoassound these practices are
is dependent on the nature and magnitude of economich lagaltenvironmental benefits
accruing from them.

Studies on economic impacts of reduced chemical uselat@ely common, but not
many exist on health and environmental impacts, and asthigchalue of health and
environmental benefits due to reduced pesticide use is sj#iljannknown’ These impacts
are unknown for a reason — their evaluation is verycditf because of the complex and wide
range of health and environmental variables involved, couptédte non-market nature of
these parameters. The lack of markets for health ancdbenwental services means that
unlike man-made products, they are not explicitly pricedhabtheir monetary values
cannot be readily observédNonetheless, difficulties in quantifying benefits than de
derived from reduced pesticide use should not be used as ameatgor abandoning
attempts to do so. It is imperative to derive crediblenages of people’s values in contexts
where there are either no apparent markets or very fegp@r incomplete markets.
Monetary expressions of value provide a generally acceptaleod of comparison among
programs, and act as a basis for policy formulatidrs $tudy examines the magnitude of
health and environmental benefits accruing from pestiagke reduction using the most
current non-market valuation technigues in a developing cpsetting, Uganda.

! Obviously there exists a trade-off between potentiahemic advantages of responsible pesticide use and the
potential disadvantages of pesticide poisoning.

2 Pesticide-intensive agriculture may extract a higbegirom society — most of which is not valued using
standard economic surplus models.



1.1  Problem Statement
Many countries’ agricultural production, disease vectotrobm public health and

animal husbandry are dependent on pesticide usage. In agatproduction, pesticides
often account for a significant share of total variadalsts and a sizeable portion of farmers’
budgetary expenses. In Tanzania for example, pesticigessent about 90% of the cost of
purchased inputs for coffee (Ngowi, 2002) which covers over 250@@0 the country’s
cultivable land. In Uganda, widespread pesticide use is dae équally widespread
occurrence of insects and diseases on many crops asibtikefacilitated by a warm humid
climate throughout the year. In order to control thessts, many farmers spray their crops
with pesticides as they are regarded as a fast-actingatlte to cultural pest control
methods.

Unfortunately many of the chemicals do not meet intesnatly accepted toxicity
standards. The Food and Agricultural Organization (FAQneses that over $300 million is
spent annually by developing countries on pesticides tadtighly toxic to humans and
damaging to the environment. During the period 1993-94, FAO estnadiout 100,000
tonnes of pesticides were applied in developing countrigls, 20,000 tonnes in Africa. This
figure has been revised to an estimate of over 120,000 tohabsalete and potentially
dangerous pesticides used in Africa alone (FAO, 2004)

In the developed world, laws and regulations regardinggistuse are relatively
more stringent, requiring adherence to strict guidelingsager pesticide handling in order
to reduce risks associated with them. Elsewhere theseale either non-existent or ignored
and environmental pollution due to pesticides is likely tdioae unabated. Even registered
and approved chemicals may be subject to abuse and misusessadhiteration, dilution or
using field pesticides during post-harvest storage. Unregisfesticides pose an even
greater risk because they are potentially more dangdsatialso since they are illegal,
mixing instructions and labels are often deliberatelyonasd. Moreover, because the market
price is often deemed too high, farmers opt for cheapegimlity chemicals, or prefer
purchasing from vendors instead of licensed shops. All thesers increase the potential
risk from pesticides posing a threat to human health dret bting organisms.

Yet, in the developing world it is not likely that thgg®blems will end soon. In fact
world wide calls for the phasing out of obsolete and enviemtally less friendly pesticides
should be less effective in the developing countries fioumber of reasons. First, illegal



trade still abounds. lllegal trade offers its particigagreater gains than costs and is hence
profitable. Furthermore, there doesn't seem to be amgr @tternative to control the rampant
pest situation and the subsequent losses that farmersegxgeWhen such desperation sets
in, affected farmers may turn to excessive pesticidelasaldition, developed countries
(who are the largest pesticide manufacturers) havkapittheir agreements and continue to
dump obsolete chemicals in the developing world, somstewen as donations past their
expiration date (FAO, 2004).

Clearly then, the best alternatives to this precarjpesticide situation may be two
options: avoiding pesticides altogether and using stmcity-chemical pest control methods,
or judicious use of pesticides. In Uganda, the IPM anduiR€2RSPs (Collaborative
Research Support Programs) are choosing the second, dgtioroducing pest
management packages that reduce reliance on pesticidedrtd o@jor pests on specific
crops in collaboration with the International Crops®arch Institute for the Semi-Arid
Tropics (ICRISAT) and other international research piggions. Groundnuts are among
the crops focused on in Uganda by these projects. Grourahautise second most widely
grown legume in the country. The Ministry of Agricult@gtimates that 283,000 ha were
planted and 219,000 mt harvested in 2005/06 (Uganda, 2007). Howeveiséddwacrop is
affected by a host of pests and diseases, some of wadidth cause close to 100% yield loss,
frequent spraying occurs. Notable among the diseases angdgud rosette a virus
transmitted by aphids, and cercospora leafspot a fungakdigeéast management packages
developed for reducing the need for pesticides on groundnutgainda consist of three
integrated cultural practices: altering planting time aadtmg density and developing host
resistance. Economic benefits of these packages suetreasing yields and farmer profits
have been documented (CRSP Annual report, 2002). Howenefitseo the environment to
which these research programs contribute are not qeahtifi

Most studies that measure the impact of reduced pestinidles environment state
findings in qualitative terms: reduced risk of human anthahexposure to toxic chemicals;
preserved species diversity; reduced runoff and leaching pdtéetiee less ground and
surface water contamination; reduced fish poisoning and pe¢&er of beneficial insects. A
departure from this is Kovach’s widely known Environmemntapéct Quotient (EIQ) study

% In 1986 a 170 cubic meter storage shed of such a donatiapseal in Tanzania leaving high concentrations
of pesticide residue in the soil (Kishimba et al., 2004).edwer to destroy existing stocks of such pesticides
requires large sums of money and may necessitate funddifrancial institutions (FAO, 2004).



which expressed impact of pesticides on the environmentdring their effects on a set of
environmental categories (Kovach et al., 1992). Using EIQ emsnKovach was able to
compare impacts on the environment of different pestig@ment options (based on amount
of active ingredients in pesticide formulations), vathall numbers indicating less impact on
the environment. However, weights across categoresarhitrary, and no monetary values
were associated with these impacts.

To evaluate the impacts of a pesticide-use reducing progndaheaenvironment, the
changes in quality of health and the environment can fpeessed in monetary terms. Non-
market valuation methods are important in translatingg supacts into monetary terms.
Expressing benefits in monetary terms is a convenieahsef expressing the relative
values that society places on different uses of ressurc

Quantifying health and environmental improvements is compi@bably because
no single parameter can perfectly represent the envinairitmes making it hard to capture
the magnitude of benefits in one measure. The Contingglnatfon survey method (CV)
has been suggested and applied as one means for valuingameladthvironmental benefits
(Higley and Wintersteen, 1992; Mullen et al, 1997; Cuyral.e2001; Brethour and
Weersink, 2001). This method has however received criticisntodseveral potential biases
including vehicle, strategic, hypothetical, starting pointl imformation biases. Each of
these biases will be explained in detail later.

Monetary-based measures proposed such as the Environingraat Level (EIL)
and Cost Of lliness (COI) were found inadequate (Bergei,e1987). The EIL is limited by
its field-based context and its focus on only environmdnttihot health parameters.
Measures such as the COI are often not a viable optidevieloping countries where many
illnesses go unreported, and where the physical conditiald be affected by many factors
and cannot be directly traced to pesticide exposure antixi

Recent developments in research for non-marketed gogdes experiments as the
appropriate methods for valuing improvements in the enviemtand health. The choice
experiment valuation method uses people’s stated preé=ramd is based on the idea that
individuals derive utility from the characteristics of goaoather than directly from the goods
themselves. Choice experiments have been used to \@iumarket goods in transportation,
air quality, architectural designs and only recentlyetimronment and health (Lusk, and
Schroeder, 2004; Hanley et al., 2001; Ryan et al., 2001; Handdy #098; Boxal et al.,



1996). Choice experimental methods have potential advantage other stated preference
methods in that health and environmental attributes earatied in an experimental design
allowing respondents to make repeated choices betweenatiolsetes which is an
indication of the value of those attributes.

Another experimental method — experimental auctionsevbigbjects place values on
environmental improvements in a researcher-controlléshgetnd subjects are obligated to
pay these values, is commended widely by experimentabeusts for its non-hypothetical
nature producing more realistic responses. Using this mhethiok is maintained between
subject behavior and outcomes (salience) (Freeman, 200&r.ifBental auction methods
are also becoming accepted as a technique that can provadare® of economic choice-
making that may be more accurate than those provided bgysulZxperiments are now
commonplace in industrial organization, game theory, pabiliice, finance, most
microeconomic fields, and some aspects of macroecortbeory, and their use is rising
(see a review by Maupin, 2006).

With experimental methods, economists are no longgenbmerely to observe.
They can easily control important factors d@imenobserve behavior. In these experiments,
for the reliability of responses as economic data, tagene economically motivated based on
induced value theory and then their behavior is observed.

1.2 Justification
Reduced pesticide use may have both health and environmemgdit® to Uganda,

and quantifying these benefits is important for policyrfolation. Moreover because of the
importance of groundnuts in the Ugandan economy, and teeavea on which the crop is
grown, the benefits of reduction in pesticide use due tornp@sagement programs on
groundnuts may be large, as these benefits translatesithticed social costs for a large
population over a wide geographical area.

In developed countries, there is a heightened awarenéss loénefits of a clean
environment. Non-profit organizations that advocate envieatal preservation are
currently receiving increased recognition. Legislatianfational allocation of more funding
for activities aimed at enhancing natural resources isasmgly being passed in many
developed countries. The developing world should not bééddifind. Contrary to popular

belief, poor populations may in fact value their environmant their environmental interest



could be increasing too. It is of interest to know how anghat extent they do value their
environment.

Currently, studies quantifying health and environmental itspaicvarious programs
are becoming necessary to pinpoint those with harmfohats (to be avoided) and those
with beneficial effects (to be enhanced). Such impactiess are increasingly becoming an
important condition for project funding by some key aigamizations. Nonetheless, a
credible concern is: Do individuals appreciate such progtam3anuary 2007, the Ugandan
ministry of health endorsed the use of DDT for intéraaidual spraying (IRS) as a public
health vector control mechanism against mosquitoes NElmeVision, 2007, The Daily
Monitor, 2007). The use of this and other chemicals in aliwie@ and vector control poses
health and environmental risk due to the chemicals’ pensisti the environment and
heavy accumulation in animal body tissues (see chapt@vlille the international
community and non-governmental organizations have raisgzeoo over these chemicals,
not much is heard from the local population about tisises The question is: Do low income
populations care about their environment? What value dwidhdils attach to an
environmental amenity that is free from pesticide comtation? What are people’s
willingness to pay to avoid environmentally degrading situnst?

1.3  The Pesticide Situation in the Study Area
The majority of Uganda’s population works either directlyndirectly in the

agricultural sector. Countrywide, most agricultural agtitatkes place on farms averaging
0.9 ha, although average farm size varies by region anogeasdeclining over the years
(Uganda, 2007). Figures on pesticide use are not readily laleaigand where available, they
are mostly rough estimates. Reasons for this situatewaried: It is costly to establish
active ingredients used, as most chemicals are mixedantcoctions to provide a
formulation known only to the applicator; many chemieats stored for long periods such
that any inventory estimation would be inaccurate; andlégal trade and sale of banned
pesticides mentioned earlier means that that porfitimeomarket is not documented.

Missing information about pesticide use in most caseslat@s into under-estimates. For

* The United States Agency for International Developnfg®AID), one of the leading donor agencies made it
a necessary condition that, especially for large pmgetvironmental impact assessments be done before they
are funded (Ecaat, 2004). The Peanut CRSP and IPM C8RRdr projects funded by the USAID.



instance Uganda is currently reported among those witlowest pesticide usage rate at
only 17kg/ha.

However, even if these low usage rates are correatllihg and storage procedures
may be more important factors when attempting to estimambers affected by pesticide
exposure at household and national levels. Open pestmidainers can be found stored in
kitchens, as well as in market places. Used empty camntaare sometimes used as
measuring devices for food and other items in markets af@rms. In fact used containers
were given out to farm workers on large estate fasres\@ork incentive (although this
practice is declining due to recent environmental awaremeseducation about possible
dangers). Forty four pesticides are currently registeredde in Uganda (Kegley, Bill and
Orme, 2007). However many more find their way into the tguand into farm shops, farms
and eventually into the environment.

Groundnut farmers use a variety of these pesticides tootarhost of pests ranging
from pre-harvest termites to post-harvest storages pééile many kinds are contact
pesticides, depending on the pest, also in use are sggiesticides, which are potentially
more risky because they penetrate living tissue. With 80&e country’s population
involved in agriculture, the 3% estimate by Jeyaratnam (1®C4l) agricultural workers in
developing countries who are affected by pesticide pois@anh year would translate into
well over 700,000 cases in Uganda annually.

The current situation is such that farmers continue éqasticides, although they
have an option to stop, or at least reduce spraying amditoifom reduced chemicals in the
environment. A goal of this research is to find out wataibutes of a pesticide free
environment people in a developing country setting most valddéaw much people are

willing to pay to regain a cleaner environment and betalth due to reduced pesticide use.

1.4  Objectives
The overall objective is to establish health and enviranatémpacts of reduced

pesticide use in Uganda. The specific objectives are:
)] To establish the value people place on their healthrendonetary trade offs
they make in avoiding ill health outcomes;
i) To establish which attributes of the environment people vahs, and
i) To explain variations in willingness to pay across indivisiaad situations

(grouping, information and proxy good).



1.5 Hypotheses
Testable hypotheses in this study include the following:

)] In valuing health and environmental benefits, individudtiseérest is at odds
with group/social interest, thus free riding will be obse,

i) More informed economic agents are able to make informedidesiabout
avoidance of ill health outcomes accruing from pesticml@&amination, thus the
amount of information provided will affect bidding behavior;

i) Gender differences will affect bidding behavior;

iv) Different proxy environmental goods will result in diffetdads;

V) More formally educated individuals have higher willingrespay to avoid
contamination;

Vi) Rural and urban populations differ in their valuation cltieand the
environment, and,;

vii) Previous exposure to harmful effects of pesticides makgeas more likely to

bid high values.

1.6  Contributions of Study
The methods employed in this study are relatively negdvadtractive for non-market

valuation, and the literature on their use is increasxmpnentially (for example the work by
List (2007) and the reviewed works therein). This study makasadditions to the non-
market valuation literature in Uganda:

* To date, no study valuing health and environmental benetitbéan conducted
using experimental auctions in Uganda. The applicatiohi®imethod using the
randomn-th price incentive compatible auction procedure is tis ifn Uganda.

* A number of studies ‘valuing environmental quality’ or ‘enviramntal
improvements’ using choice experiments are availaltleeamon-market valuation
literature. Most are concerned with air quality, aestheptalities, wildlife, hunting
and so forth. None of these environmental valuation esutkve used choice
experiments to value the environment as it directly retatésiman health. In the
health economics literature, choice experiments haes applied to obtain
willingness to pay to avoid various illnesses. Howemene of the studies has
applied choice experiments for WTP to avoid ill heaftecsfically due to pesticide

contamination.



» Conducting field experimental auctions with adult non-studentsion making
agents represents a departure from the mostly studentisbaged studies in many
experiments. This study’s use of non-student subjectserements outside of the
laboratory is an addition to the growing literature omted field experiments (FFE)
(see List, 2007).

» Using “public goods” experiments that are more realtsian abstract. Public goods
experiments in the literature assume a link betweeilliagmess to pay for a public
good and “donations” or “contributions” to a given public goadnly view this link
is often weak (see 2.4.1.2).

Each of these contributions will be explained in moraitiet subsequent chapters.

1.7  Summary of Methods
The evaluation procedure in this study employs two fiekedaexperimental

protocols to elicit willingness to pay for health and emvmental improvements using the
same sample of respondents. The first — the incenbngatible experiment involves
subjects placing bids of the amount they are prepared to pagitha bad health situation in
both the individual and group (public goods game) setting. Suls@atal their true demand
for good health through a randaontin price auction, and subjects witness the outcome of the
valuation. In the second experiment, environmentabatis are varied in a factorial
experimental design that allows respondents to maketegpelaoices from profiles of
environmental attributes they prefer at a specified pfibe.analysis is based on random
utility theory and the characteristics theory of walMaximum likelihood estimation is used

to explain behavior.

1.8 Organization of Dissertation
This chapter has provided the general introduction to the ,sblctives and

hypotheses. The next chapter gives a review of literaélgegant to the study, and includes a
discussion of relevant theory. Chapter three preseatsi¢thods of data collection and
analysis. Chapter four presents the results and a disousf findings. The final chapter
summarizes the study, presents conclusions, policy recodatiens, and suggests future

research directions.



2.0 Background
This chapter reviews literature regarding the subject digms use, types and

effects; methods of valuation of goods including health hachvironment and ways of
eliciting value information. The last sections of thsygter focus on two experimental

methods in detail.

2.1  Types and Classification of Pesticides
The US Environmental Protection Agency (EPA) defines agiéstas a substance or

mixture of substances intended for preventing, destroyamglling or mitigating a pest
(U.S. EPA 2007). These substances could be industrial chlsmicbiopesticides.
Biopesticides are those in which the active ingred&bialogically based such as protozoa
or bacteria or a natural product derived from plant sssilost literature on the harmful
effects of pesticides is in regard to industrial chehpeaticides. Some point to the
harmlessness to non-target organisms of biopesticidesgsust) and botanicals (such as
neem), in order to promote biological over industri@mical control methods (JinJie and
JingYuan, 2000). Pesticides include any substances that calceepel, attract or disrupt a
pest. They can be classified in many ways:

- By local trade name or commercial name;

- By form such as granular, dust (powder), liquid, emulsgmpueous solution, or as dry
solid compound,;

- Using warning words such as Danger, Poison, Caution;

- By WHO hazardous classification: Class la (extrenhayardous), 1b (highly
hazardous), Class Il (moderately hazardous), and Clastidhtly hazardous); O
(Obsolete as a pesticide), and U (Unlikely to presauttedtazard in normal use);

- By chemical group and active ingredient; such as organpphtes, carbamate
pesticides, organochlorine insecticides and synthetetimids, with several
subgroups within each of these,;

- By type of effect, such as toxicological effects (saslacute toxicity, chronic
toxicity), ecological effects (such as breakdown i @od groundwater, in water and
in vegetation), which may further be categorized astslighderate or high effects;

and
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- By type of pest they control; The EPA describes 24 tghgesticides grouped

according to the pests they control (Table 2.1).

Table 2.1: Classifications of Pesticides by Type of Pe&tidressed

Name Action/ Pest(s) addressed

Algicides Algae in water bodies such as lakes, canals, swimming, paadkr tanks.
Antimicrobials Microorganisms (such as bacteria and viruses).

or biocides

Attractants Attract pests (for example, to lure an insectdent to a trap).

Bactericides
Disinfectants and
sanitizers
Fungicides
Fumigants

Herbicides
Insecticides
Microbial pesticides

Molluscicides
Nematicides
Ovicides
Pheromones
Repellents
Rodenticides
Defoliants

Insect growth
regulators (IGR)

Bacteria
Kill or inactivate disease-producing microorganisms on inaninmete-(jving)
objects.

Fungi (including blights, mildews, molds, and rusts).

Produce gas or vapor intended to destroy pests. Espeeidlly bsildings or
soil.

Weeds and other plants that grow where they are not wanted.

Insects and other arthropods.

Microorganisms that kill, inhibit, or out g®te pests, including insects or other
microorganisms.

Snalils and slugs.

Nematodes (microscopic, worm-like organismdebdton plant roots).
Eggs of insects, reptiles, birds and mites.

Biochemicals used to disrupt the mating behaviaectsn

Repel pests, including insects (such as mosquitodsiy@ds

Mice and other rodents

Cause leaves or other foliage to drop from a plasatlygo facilitate harvest
and/or prevent pests and diseases
Disrupt life processes of insects.

Plant growth regulators Substances (excluding fertilizers or other plant nutriehts)dlter the expected

(PGR)

growth, flowering, or reproduction rate of plants

Source: U.S. EPA (2007)

2.2 Impacts of Pesticides on the Environment
The problems associated with estimating effects ofqeéss in the environment are

associated with three important elements: synergisicertainty and latency. The effect of a

brief exposure of chemicals may not be readily natie because of the latency period

between exposure and development of systems. The effdas situation could be more

dangerous especially in developing countries where poor diagamasidelayed treatment

could lead to high fatality and lifelong disability ratessociated with pesticide poisoning.
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The toxicity of some insecticides (such as pyrethram loe increased several times
by the addition of other compounds which themselves mapenatsecticides and as such
health effects may be greater than the sum of fieetsfof the individual chemicals. This
means that evaluating the effect of pesticides baseldecsmount of active ingredient (as in
Kovach et al., 1992; Brethour and Weersink, 2001; Mullen.e1897) may be inaccurate.
Estimating the effects on the basis of active ingrgdiassumes away this synergistic
characteristic of pesticides. Perhaps the most impgptablem of estimating pesticide
effects is related to uncertainty. Individuals are mwtain which compounds/chemicals/
pesticides are involved (either because chemical labelmissing or because of general lack
of information).

What comprises the “environment” is the totality ofsalirounding conditions,
including water, air, humans, animals, plant species, birdects and aquatic life. The term
in itself is broad and covers many elements, both liging) non-living although its
preservation is mostly geared to conserving the livingpmorant, in addition to conserving
the quality of water, air, and the general existendd#eofin general humans interact both
actively and passively with the environment in a causeediedt manner. Active interaction
occurs when humans alter the environment say throughroordtion of water sources,
depletion of the ozone layer, air emissions frontoiaes and emissions by humans of high
levels of particulate matter into the air.

Passive interaction includes inhalation of polluted ain skintact, and ingestion of
food and water that may be contaminated, all of whichirogact the health of the
population. Pesticide release into the environment cartdesuch passive interaction. One
of the basic services provided by the environment is the supplouman life. Changes in
the life-support capacity of the environment such as thoatytin of air or water can lead
to increases in the incidence of diseases and impaimheaily activities (Freeman, 2003a)

Active ingredients in common pesticides such as organopatespand Carbamates
interfere with biological systems of organisms by dffecthe central nervous system. Most
organophosphates were developed as insecticides but thetsefn humans, were not
discovered until 1932 (U.S. EPA, 2007). Their persistendeeireivironment however is
limited (Ngowi, 2002), which can be a desirable property.cl&ss of organochlorine
insecticides including compounds such as DDT and Chlordane rastly ineen removed
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from the legal market (U.S. EPA, 2007) because theygterisi the environment and have
dangerous long-term effects on humans and other organisms.

A number of qualitative studies have found strong links betwpesticide exposure
and negative health effects of living organisms includingdms, animals, birds, wildlife,
insects and fish (Ngowi, 2002; IPM DANIDA, 2004; PANNA, 2004)atidition, adverse
effects are correlated with high levels of pesticidedibxiIn humans documented evidence
shows that pesticides are linked to several medicalitons some of which, although not
fatal in adults, are related to deaths in infants and wnabies (Taha and Gray, 1993;
Heeren et al., 2003). Those that are not fatal can éesapaired human activity and
improper functioning. Eco-toxicity occurs when pesticidesase their toxic effects on other
environmental categories including soil organisms, birds, madsrema aquatic life.
Moreover, there is growing concern of development sf pesistance to pesticides (Coleman
and Hemingway, 2007), which may cause impacts that are et known. Most pesticides
have similar effects on insects, animals and humareseffct may be acute (experienced
after immediate exposure) or chronic (resulting from@rged exposure to toxic
compounds). Because many other conditions can causedisesses, it becomes hard to
identify them as strictly being caused by pesticide expcsadoxicity (IPM DANIDA,
2004). A review of the effects of pesticides on specificremmental components follows.

2.2.1 Ground- and surface water quality
Ground water, water that percolates into the watee taolpplying wells and springs

is a major source of drinking water. Hence any contaneinatf ground water through
pesticide leaching is likely to end up in drinking water. &efwater on the other hand is
water from sources open to the atmosphere, such as, rfiakes, reservoirs, wetland areas
and seasonal water bodies. The main source of contéonifi@t surface water is run-off and
settling pesticide drift. Parameters of concern relabngesticide water contamination
include water solubility (a measure of how readily pedtisidissolve in water), adsorption
coefficient (Koc), (a measure of how strongly a chemical adheresitongoeference to
remaining dissolved in water), hydrolysis half-life (Hraount of time required for half the
pesticide to degrade from reaction with water), anidhsdf-life (the amount of time required
for half of the pesticide to degrade in soil) (Kookana @adell, 2002; PANNA, 2004).
Studies in soil physics have placed thresholds for var@iemicals concerning these
parameters. For instance any pesticide with a water Stfudreater than 3mg/I, or
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anaerobic soil half-life greater than 9 days has potdwotiedntaminate groundwater
(PANNA, 2004). Most organochlorine and organophosphate pestlwdeshigh potentials
to contaminate ground water based on all four of theseneéeas (Kookana and Correll,
2002; PANNA, 2004)

Significant levels of pesticide residue in water havendeund by many studies
including one by Mwevura (2004) testing for pesticide residueserfields in Tanzania. He
found DDT, Dieldrin, Hexachlorocyclohexane (HCH), feothion and diazinon in large
enough amounts to cause concern over bioaccumulatougin the food chain and possible
chronic effects. Another study around the Lake Victdn@ars found high levels of
organochlorine residues including endosulfan, dieldrin and ctiemicals (Getenga et al.,
2004). Lake Victoria provides much of the drinking water fopydations in East African

countries.

2.2.2 Birds and Beneficial insects
Two major ways in which birds acquire pesticides, aWbich are passive, include

(i) when they consume insects and seeds that haveigestsidue, and (ii) when they drink
from contaminated water sources. As a result, birdsleam mass numbers, migrate from
one location to another, or experience disruptioneir timating behavior. All these may
result in reduced bird populations. Beneficial organisms as@arthworms (important for
soil aeration), bees (pollination) and beetles (bialalgbest control agents) get exposed to
pesticides mainly through feeding on affected leaves amd péats or through ingestion of
water with pesticide run-off, and pesticide leached thrahglsoil. The effect of pesticides
on beneficial insects is similar to that on birds angt malude accumulation, change in
behavior, intoxication, reproductive disruption and mdstaf recent study (Fox, 2004) has
established marked increases in bird populations followingiadef reduced pesticide use

in Denmark, suggesting an inverse relationship between idestise and bird numbers.

2.2.3 Agquatic life
Fish and other aquatic forms of life are affected dyeabtrough the contaminated

water in which they live. Harmful effects of pesticiedgosure and toxicity in the most
serious form, include death of various species which dealllto species extinction, or the
effect may be less adverse such as disruption in ghatid reproductive behavior, migration,
reduction in fish size, or deposition of residue in baslue. Human consumption of such

14



fish may have effects such as those described in dyvbedpecially with high pesticide
residue concentrations. Significant levels of DDT, esudfan sulfate and HCH residue found
in three major fish species in Lake Victoria coulddi¢a deaths and possibly extermination
of those species (Kyarimpa et al., 2004). Presenceopfiail residues in soil long after the
application season has been linked to fish kills or disappees of saltwater fish (Mmoshi
and Kishimba, 2004).

2.2.4 Humans and other mammals
Routes of human exposure to pesticides include skin ddiaaenal exposure);

ingestion of contaminated food and water (oral exposurgéhrough breathing in of
chemical droplets through drift (inhalation exposure). Fanmals get exposed through
feeding on contaminated plants and possibly when they eoomntact with contaminated
farm equipment (such as spray pumps). The main sourciddffes pesticide contamination
is through preying on other affected animals or by feedingesticide-contaminated food.
Several health conditions are linked to pesticides incluidimgune system disorders
(immunodysfunction), the production of changes in DNdusace that affects the
expression of genes (mutagenesis), the capability ofihgrtime nervous system
(neurotoxicity), the ability to cause cancer (carcinogeheand the ability to produce non-
heritable birth defects in babies (teratogenesis).h&k¢ conditions impair life’s activity and
productivity and at worst lead to death (Kookana and Cog@(l2).

Perhaps the biggest concern about pesticide effectsdatiger they pose to
children, infants and the unborn. Such individuals are pdatiy at risk because their bodies
have not developed enough resistance and also becabs# tfdstyle (picking up and
eating anything they come in contact with). Both factergler them more vulnerable to the
adverse effects of pesticides. This concern is sigmfibecause the danger of pesticides gets
bestowed on both the current and future generationsgA-&cale study in India found
evidence that children living in regions of intensive petitise may be at risk for impaired
mental development (PANNA, 2004). A similar study in Mexalso noted dramatic deficits
in brain function in rural children with long-term expostio pesticides in the Yaqui Valley
(PANNA, 2004).

The exact number of pesticide poisonings may be hard toagtstiMoreover the
nature of many pesticide illnesses in developing countrieplcates pesticide-poisoning
identification. Many people may not realize that they suffering from pesticide poisoning,
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and instead think they have some common illness. In 1996taAO and UNEP study
estimated 3.0 million human pesticide poisonings globally, 89%hich occurred in
developing countries (Schlosser, 1999et, even these estimates can be considered a lower
bound. A study in Thailand established that only 2.4% of ladl suffer pesticide poisoning
go to the hospital or report the incident. Jeyarat(980) established that for every
reported case, ten remain unreported. For the period 1989€4 aft736 pesticide-
poisoning cases were reported in Tanzania, while in Skd.and Malaysia 7% of all
agricultural workers were poisoned by pesticides (Ngowi, 223 50,000 cases of
cancer are estimated to occur annually due to pesticide egpaslinailand alone (IPM
DANIDA, 2004). Pesticides can accumulate in the bodye&s studies indicate varying
percentages of people with pesticides in their bodies.Ministry of Public Health in
Thailand established that over 18% of the 2 million tebteod samples contained
measurable amounts of pesticides (IPM DANIDA, 2004). In otbentries the situation
may not be any different. A recent study in the UShdisteed 100% of all tested blood
samples (see PANNA, 2004) contained high pesticide lewvetame, traces of pesticides

were measured in blood more than 10 years after exposure.

2.2.5 Conclusion on Impact of Pesticides
In conclusion, pesticides may have several effectgmonus organisms depending on

the chemical (type, amount, toxicity, synergistic rielahips) and on the nature of the
organism itself. Pesticides may reduce numbers of orgatiismsgh their lethal effects and
through migration (such as of birds and fish species)y als change the well being of
organisms through sickness, reduced organism size and impgoreductive capabilities.
As such pesticides can have both quality- and quantity-degraffects on humans and
other environmental components. These adverse effentis passibly because most
pesticides are not fully selective to the target ogyasi As Hayo and Werf (1996) note,
depending on the application method, the percentage ofcdawaching the target
organisms can be as low as 0.2% thus leaving a greater agreeeaching and causing

danger to non-target organisms in the environment.

> A big problem with pesticide poisoning data though is thetyypoisonings are intentional thereby inflating
global fatal pesticide figures.
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2.3 Economic Value and Valuation Methods
The economic theory of value is based on the abifigo@ods and services to increase

the well-being or utility of individuals (Freeman, 2003Bgcause goods and services are
limited both in quantity and quality compared to their urtihiuses, increasing the
provision of one good involves an opportunity cost as it reguecreasing provision of the
other. It is these trade-offs that people make as thegse less of one good, substituting
more of another that reveal the economic value of ged@eman, 2003b).

The two well known measures of economic value inciapensating variation and
equivalent variation. Both measures are based orotieept of substitutability introduced
above. The compensating variation for an environmemigdavement is the maximum sum
of money that the individual would be willing to pay mthhan do without the
improvement. It is a compensating payment that leavesdhsumer as well off as before
the economic change. This measure is referred to asgmdiss to pay (WTP). On the other
hand the equivalent variation is the minimum amoumhohey that an individual would
require to forego the improvement. Or equivalently statedamount of money that would
generate an increase in utility equivalent to that redlfrom the improvement in the
environmental amenity. This measure is referred to asigileéss to accept compensation
(WTA).

The major difference between these two measuremltégir assumptions. The
equivalent variation measure of value assumes thatdols have the right to a new,
higher level of environmental quality and must be compedsbtee new level of
environmental quality is not attained. The compensatingti@n measure on the other hand
assumes that an individual has no right to the improweanad has to pay to obtain it. In
addition, the WTP is constrained by individuals’ incomédewvith WTA, there is no such
limitation. For these reasons WTA and WTP valuefiefdame good/service may differ, and
the idea is to use one that best approximates theisitubat is being valued (Freeman,
2003Db).

As mentioned above, the economic value of an envirorahesgource resides in the
contributions that the variety of environmental functiand services make towards the
wellbeing of individuals. Evaluation of environmental servisesften stated as simply a
means of measuring preferences for environmental rescamdasot a valuation of those

resources themselves (Pearce and Seccombe-Hett, 200@®vetpto understand how health
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and environmental values may be obtained, one must firststadd the type of goods, and
the nature of values such goods have. These two aspeaecassary in explaining the
underlying complexity of valuing health and environmental benef

2.3.1 Private and Public Goods; Use and non-use Values
Private goods’ consumption by an individual removes them fiset of choices

available for consumption by other individuals (excludabiknd when consumed, the
amount of the good available for consumption by othemsdsaed (rivalry). Valuing private
goods using standard economic techniques is relatively eeaydsemarkets for such goods
exist and valuation involves obtaining willingness to payredes for goods and services
that are bought and sold between buyers and selleragvbe on the price of the good or
service between them. Estimating the value of goods andeg is done using observed
(revealed) data of actual consumer preferences includicgspquantities and costs. The
assumption is that individuals make the choice of priwer rational behavior before
exchange takes place.

When goods are not freely traded in the market, sudieasase with public goods,
this standard framework fails. There are no well-esthedl price mechanisms, and
measurement of value becomes complex. Public goods anevated and non-excludable
(once produced, many people can consume them at thetisarand there is no systematic
way of limiting others from consuming them). Extrernégxcludability and rivalry where a
good is both strictly non-excludable and non-rival pett@aipure public goods.

The total value (or benefits) of a good or service magomeposed of use (active),
and non-use (existence) values. Use values are thogeeth@e place on things because they
will use them. Non-use value on the other hand isititiey obtained from an amenity for
reasons other than their expected personal use (Miem@ICarson, 1989). Non-use values
include bequest value (a value placed on things for presenengftr future generations or
the value that people place on knowing that future gepesatvill have the option to enjoy
an amenity), altruistic value (value that someone get®f knowing that other people,
including those alive today and future generations will be tabémjoy an amenity), and
option value (the value that people place on havinggtien to enjoy something in the
future, although they may not currently use it).

These different forms of value can be obtained froorees other than the market.
And possibly because there is no direct or all-inclusieéhod for their valuation, a large
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body of literature exists on methods used for estimakiag value. Also because of their
nature, controversy exists on the reliability of theea-market values. Many methods are
proposed for valuation of a specific non-market goodef3thre modifications of previous
‘versions’ of some method. In the next section, et relevant non-market valuation

methods are reviewed.

2.3.2 Value Elicitation
The fundamental issue in environmental quality valuasahat people are the best

judges of their well-being and they form perceptions of emnrental and health quality
within their limitations. Obtaining people’s preferencas take two observational forms:
observing what choices people actually make, and observiagahhbices they say they
would make.

Revealed preference methods are ex posature, constructed after observing actual
behavior and then using the observed behavior to infer vafuggsds and services. These
methods rely on data that come from observations@flpeacting in real-world settings
where people live with the consequences of their choitkis is analogous to determining
people’s willingness to pay for a marketed good based oquidnatity demanded at different
prices. As discussed below several examples of revpedéerence methods exist, including
hedonic pricing, travel cost method, averting-behavior aghcost of illness and auctions.
Where markets exist, revealed preference methods apedfegred source of value
information. However revealed preference methods Isante used for non-market
valuation as in the case of demand-revealing experimauntabns.

Stated preference methods on the other hand involver@ysapproach that allows
people to express preferences for or against predefinedagites by answering questions
that reveal information about their preferences aiealndividual preferences are not
observed but rather stated. Examples of stated preéereethods include contingent
valuation, contingent ranking and attribute based methods.

Maintaining that a major problem with revealed methodsas inability to measure
non-use values, proponents of the stated preference asdibbeve that stated preference
methods can be used to generate data that is relatetketrbehavior and thereby providing
the only viable alternative for measuring non-use valuesridgacz et al., 1994; Pearce
and Seccombe-Hett, 2000; Adamowicz and Boxall, 2001). Althoutgiméwicz et al.,
(1997), Boxall et al., (1996), Adamowicz et al., 1994, and Cowgtal, (1986) show that
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there is no significant difference between the parameterevealed preference and stated
preference models after accounting for variance effdmty also state that the method most
applicable to non-marketed goods including health and the enwardristhe stated

preference approach.

2.3.3 Revealed Preference Methods
This sub-section reviews four major revealed preferemethods including hedonic

pricing, damage cost avoided methods, cost of iliness angavel cost methods. Their
application in other environmental evaluation contéxtonsidered, as is their limitation or
inappropriateness to the current problem. The fifth majealed preference method,

experimental auctions, is reviewed under the secticexparimental methods.

2.3.3.1 Hedonic Pricing
The hedonic pricing method is used to infer values of chenistits of a resource

based on observable market transactions. The methoedsaglentify price factors
according to the assumption that price is determined byiboinsic and external
characteristics of the good, hence providing an estinfatalwe for each component. The
most common example of the hedonic pricing method mawy treeihousing market. The
price of a property is determined by the characterisfitiseohouse such as its size, location,
appearance, and condition, as well as the charaateridtthe surrounding neighborhood
such as accessibility to social amenities, safetyapyivievel of air and water pollution/
guality, value of other homes, taxes, and interess (&eiffand Barbosa, 2005).

The method has been used to estimate economic benefiiste associated with
environmental quality including air pollution (Smith and Huat@95), water pollution
(Poor et al., 2001), or noise (Nelson, 2004) valuing envirorehantenities such as
aesthetic views (Morancho, 2003) or proximity to recosti sites and airports (Nelson,
2004). In Palmquist and Israngkura (1999), a 2-stage estimatioadun@ was employed to
value air quality (measured as levels of total suspendediate, nitrogen dioxide, ozone,
and sulfur dioxide) where the first stage hedonic modelidss ‘property’ characteristics
and the second stage estimation included information oouyers in multiple markets. The
method applied in this study can be viewed as a modificafithe Palmquist-Israngkura

method.
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2.3.3.2 Damage Cost Avoided and Replacement Cost Methods
The damage cost avoided and replacement cost methodatestalues of

environmental services based on either the costs adiagadamages due to lost services, or
the cost of replacing environmental assets. These metineddso known as the averting-
behavior methods, because willingness to pay values ion-market good are estimated
using individual’'s purchase of market goods that avert thative effects of the damage.
These methods assume that the costs of avoiding damaggsacing natural assets provide
useful estimates of the value of these assets ocssrbased on the assumption that, if
people incur costs to avoid damages caused by lost envirorisemiaes, or to replace the
services of the environment, then those services mugbtih at least what people pay to
replace them. These measures are generally most ajppetypapplied in cases where
damage avoidance or replacement expenditures are e@asgmbate than people’s
willingness to pay for certain environmental services.

The damage-cost-avoided method uses the cost of ackearstb avoid damages as
a measure of the benefits provided by the environment. plleceanent cost method uses
the cost of replacing an environmental service as anastiof the value of that environment
service. The advantage of these two methods is thaatldess hypothetical than valuation
methods that estimate willingness to pay and it is e&simeasure the costs of producing
benefits than the benefits themselves, when goodseavidess are not marketed. The
limitation with these methods is that they assuna¢ ¢lxpenditures to repair damages or to
replace environment services are valid measures of tieditseprovided. This method is
inapplicable in cases where costs to avoid damage duedatipbpesticide contamination

are unavailable.

2.3.3.3 Cost of lliness Method
The cost-of-illness (COI) method measures direct (napenedical expenditures)

and indirect costs (forgone earnings) associated withtaydar illness. This approach may
be a good approximation of willingness to pay for improvedrenmental conditions to the
extent that it is based on real money spent forrtreat or actual market value of work time
(Hall and Brajer, 2002). However it may abstract from intgg@t components of the cost of
illness. Berger et a(1987) observes that the COI approach has several shargsom
including the fact that there are zero indirect costadividuals who are unemployed or
retired (those whose foregone earnings are zero), ante¢thod does not include losses
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associated with the value of leisure time. Thus thénatktoes not capture all of the benefits
of better health. Because of these shortcomings, @@llations are often seen as lower
bound estimates of the true willingness to pay (HallBrager, 2002). For instance in many
countries where hospital registries are not well goedl to handle categorization of patients
by cause of illness (such as pesticide poisoning) and whengaaaes remain undiagnosed/
unreported, COI estimations would be grossly under-valueds this technique is not

appropriate to Uganda.

2.3.3.4 Travel Cost Method
The travel cost method infers value of a recreatioxa¢eence from the costs that

individuals incur to travel to a recreational site. Thethad requires user participation to
assign values to environmental features such as sites;reational services using
information on user’s actual behavior (assuming thaviddal's travel costs reflect the
environmental value). Thus the value of an environmentahé#ynis reflected in how much
people are willing to pay to get there (although criticthaf method mention that this may
be a function of people’s income, personal interedtertype of site, or level of recreational
experience and not the value of the environmental ameeaitge). Because of these
limitations, many suggest that this method be used in comuneith other valuation
techniques to estimate the value of recreational @eesRandall, 1994). This method is not
appropriate in the current study because the conditioig balued is not a site.

2.3.4 Stated Preference Methods
In this sub-section two stated preference methodseai®wved. The first, benefit

transfer, is a method of obtaining values through secomtzaay The more widely employed
stated preference method used for non market valuatatingent valuation is also
reviewed here. Contingent valuation may receive thd midagisms regarding its reliability.
The other stated preference method, choice experinserggiewed under the experimental

methods section.

2.3.4.1 The Benefit/value Transfer Method
This method involves taking economic values obtained figmmary study in one

context and then applying them to another context. It egsting valuation data from one
study — the “study site”, and adjusts it to fit anothadgt— the “policy site” (Freeman, 2003
a). The two main approaches that have been used mefitheansfer are the transfer of the
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adjusted mean values and the transfer of benefitingctTo create precision in transferring
benefit estimates, adjustments in WTP are made ftarelifces in characteristics of a present
study.

Benefit transfer methods are useful when the costoducting an original valuation
is prohibitive and/or there is too little time availaldeconduct an original valuation study,
yet some measure of benefits for policy purposes gatkel he method is reliable when the
“study site” and the “policy site” have similaritiesterms of environmental features being
studied and the populations making use of these environmeattiiefe (such as incomes and
other socio-economic characteristics). This methodisliéty is also highly dependent on
the quality of the study to be transferred. Ready g(2004) in their study in Europe using
values obtained from contingent valuation found thatstiexr of benefits across countries
resulted in substantial transfer error. For this stumlyever this technique is not applicable
because to the best of my knowledge no prior study isrdented quantifying benefits from
a pesticide-free environment in the country from whichkeliesacould be transferred.

2.3.4.2 Contingent Valuation
The contingent valuation technique is used to elicit inldial’'s willingness to pay for

non-market goods using a direct survey approach. A hypothetic&et is created and
respondents’ preferences for goods are obtained by askingdhdiractly state their
willingness to pay. It is based on the idea that peag@ainable to reveal (but are able to
state) their maximum willingness to pay (or minimunflimgness to accept) for a
hypothetical change in the level of provision of a gd@ahtingent valuation can be used to
estimate total economic value (both use and non-usesjabf non-market goods and
services (Hanemann 1994), to assign monetary values to mmeimal improvements
(Mitchell and Carson, 1989), benefits of hunting (Boralhl, 1996) and air pollution
(Desaigues et al., 2003). More recent efforts have valskdue to nuclear pollution and
toxic waste locations (Hanley et. al, 2001), cultural godtisqsby, 2003; Santagata and
Signorello, 2000) and more.

The debate regarding the appropriateness, accuracy, atulitgla contingent
valuation is perhaps one of the longest in the norketasaluation literature, and much has
been said in support and criticism of contingent valuatsatause CV is based on the notion
of constructing a hypothetical market, clearly defining glood is essential, the type, design
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and form of questions matters for a reliable and realstiuation (Coursey et al., 1986). A
properly designed and pre-tested survey instrument is importan

This method'’s acceptance is limited by a number of factdrs principal concern is
that answers to hypothetical questions regarding value ntagpn@rm to actual behavior
and thus may be biased (Coursey et al., 1986). Hypothetisabttarrs because individuals
are asked to place a value on hypothetical goods which thgyewunfamiliar with. The
hypothetical nature of contingent markets has been aa edsmuch concern, although in its
support, Hanemann (1994) argues answering surveys may be higabtbet not more so
than buying unfamiliar or infrequently purchased commodities.

When respondents are required to value attributes thabafamiliar information
bias occurs. The nature of the good or service being valiedontingent valuation study is
mostly hypothetical, and most people are unfamiliar wititip values on such goods and
services. As mentioned above, this is a problem wittrs@Veys because the method
normally assumes that people will correctly placei@alon hypothetical goods. The result,
especially with mail surveys is a high number of zespoases (Mitchell and Carson, 1989).
To deal with this problem researchers have found that providfiagnation about the good
may be important (Lusk et al., 2004). However, the amouohtype of information
presented to respondents may also affect valuation resgpons

The other problem with asking respondents to make vadtiensénts on non-market
goods is that there is no way of telling if the valuetmmied in a contingent market are real.
Since the good or service to be ‘purchased’ is hypotheticagmndent may reason that
whatever value they state will not affect the status-gafter all the constructed market is
hypothetical and the good ‘undeliverable’. As such there dadtardifference in willingness
to pay values between real and hypothetical questions. Waysumvent this problem
have been devised including Cummings and Taylor’s (1999) “chddmtaling to get
subjects to think more truthfully about their decisiana less abstract way.

Another problem with CV is the profound difference betvedlingness to pay and
willingness to accept values. Theoretically individsdNTP to acquire a good and their
WTA as compensation to give up the same good can défaause of reasons given in 2.3
above. However in contingent valuation this differercprofound. Coursey et al., (1986) in
two hypothetical field and one lab study find that the WBAues far outweigh WTP even
when income effects are accounted for. Mitchell and @e¢$989) note that WTA does not
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elicit valid data under many circumstances. Other prob#&ssgciated with CV include: the
embedding effect, starting point bias, payment vehicle bieategic bias and information
bias (List, 2007).

The “embedding effect” problem arises when willingrtessay varies with changes
in the scale or scope of the item being valued. In addwWad P for a composite change in a
group of public goods may be less than the sum of thegnkkss-to-pay for the individual
changes separately. Desvousges et al (1993) compared WIEB t@lvoid a wide range of
waterfow! deaths and found that household’s willingriegsay for preventing 2,000, 20,000
and 200,000 deaths were about the same.

In a closed-ended contingent valuation study, subjectsrasented with questions
that involve suggesting a starting bid and then adjustedithupwards or downwards based
upon whether the respondent agrees or refuses to paypthm@a The suggested initial bid
can influence respondent’s answers because they tendetthbasanswers on that amount.
Thus, rather than making their own independent valuatiesppndents’ answers get biased
by the researcher-suggested values. This is referred tartasgspoint bias.

Respondents may give different willingness to pay amodefsending on the
specific payment vehicle chosen. If respondents are dskétkir willingness to pay based
on say an increase in taxes or user fees or donatieisvalues may differ even for the
same good/service. This bias is referred to as paymenievéias. This bias occurs because
some payment vehicles, such as taxes, may lead to pegpenses from people who do not
want increased taxes.

Two types of strategic bias exist: the first occurs wdnemdividual provides
responses in order to influence a certain outcome @si@fhen supporting a specific cause).
The other type occurs when subjects act based orptreeptions of other individuals’
actions in the same bidding situation. Strategic biasmsmmmn with repeated exposure to
WTP questions.

The above biases create a discrepancy between the ssthjectvalues and their true
valuation. While many other methods may still exhibisthbiases, their magnitude in
contingent valuation studies is more profound and has legk&arch into other “reduced-
bias” methods. In the following methods some of the aboentioned biases can be
controlled for through appropriate protocols and treatments
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2.4  Experimental Methods
An experiment is any setting in which data can be deltem a controlled

environment. Two economic experimental methods are redeexperimental auctions and
choice experiments. The major forms of experimentthids, their limitations and

mitigations are discussed below.

2.4.1 Experimental Auctions
Experimental economics literature describes an ecanenvironment as consisting

of individual economic agents together with an institutioccough which agents interact.
Agents are defined by their economically relevant charetics such as preferences,
technology, resource endowments and information; whikecanomic institution specifies
actions available to agents and the outcomes that fesmlteach possible combination of
agents’ actions (Friedman and Cassar, 2004; FriedmanuenaiS 1994).

A key methodological innovation for experimental eqoits is based on the use of a
reward mechanism that allows the experimenter to inducepa@fied behavior in
experimental subjects. This is referred to as the irttvatie theory. According to Guala,
(2005) and Smith (1976), providing a mechanism that encourage® pe@uit under an
incentive structure is the distinguishing characteraftiexperimental economics from other
disciplines and from other economic methods of obsenrvauch as surveys and contingent
valuations. Five conditions for induced value theoryraomotonicity, salience, dominance,
parallelism and privacy.

Monotonicity means that subjects must prefer more retedess, and not become
satiated (the reward is often in terms of money, graates so forth). Salience means that the
reward received must depend on the subjects’ choices ongetind that the subject is aware
of this link between his actions and the payoffs. Dominameans that changes in subjects’
utility from the experiment come from the reward atitkeo influences are negligible
(extraneous information is irrelevant). Parallelisneconcerned with the ability to generalize
from the lab to the field. That is, “things carry ovePtivacy is concerned with keeping each
subject’s rewards known only to them so as to prevent subpetvolent or benevolent
behavior that compromise dominance. Promoting the lehedah of these conditions in any
experimental setting is desirable. Payment of subjaatash promotes monotonicity and
salience, while Friedman and Sunder (1994) suggest having studeatsadjobtain both

salience and dominance at moderate cost.
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The use of experimental methods is not entirely neeconomic valuation. Without
explicitly mentioning economic experimental auctionsuiSey et al., (1986) recognized that
the bidding game produced survey responses that were moséicebén other methods.
Experimental economists suggest laboratory experimestdive other problems associated
with contingent valuation. This study employs the feanfield experimental (FFE) auction
method.

The literature on field experiments is well developetigt’s (2007) recent working
paper. Economic experiments are described on a 5-portrspewith laboratory controlled
data and naturally occurring data on the two extremesfigare 2.1 below). Field
experiments (defined as any study carried out on an ecorag®nt/material in his/its
natural environment) act as the bridge between the twerags, and provide realism and
randomization, both useful elements in experimentafiogld experiments have arisen
mostly due to the need to circumvent some of the sritis of laboratory experiments,
mainly that of generalizability. Levitt and List (2007) delse how insights gained from the
lab may not always translate well to the world aig¢ghe laboratory, hence invalidating
forecasts or prediction from the laboratory model. Tiete that replicating the diversity of
real world choices (in terms of the commaodity, ttekss, environment, and task) is one of
the practical difficulties of laboratory techniques andgest field experiments as the

preferred method.

Controlled Data Naturally-Occurring Datg

v

Lab Experiment | Artefactual FE | Framed FE Natural FE Natural Experiment
(student subjects)| (non-student | (economic agent | (subjects do not | Propensity score matching
subject pool) | observed in natural know they are Instrumental variables
environment, non- | involved in an Structural modeling

student subjects) | experiment)

Figure 2.1: Spectrum of Experimental Methods. (SourceList, 2007)

List’s review of the contribution of field experimentseconomics contains recent
studies on the economics of charity donations and wift@y cooperation within members of
a fishing community, revenue equivalence in internetdbasetions, price-setting in

decentralized trading auctions, public provision of a public go@iesence of warm glow,
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determinants of default rates on loans in micro-fivagdabor market field studies on race,

gender, and age discrimination, and more.

2.4.1.1 Major Forms of Experimental Auctions
Several experimental auction types are available, eédfening in the prediction of

economic theory and bidder behavior. They include thednise sealed-bid auction, the
second-price sealed bid auction, the Dutch auction ar@rigksh auction. In the Dutch oral
auction (also known as the descending bid scheme), threpoite starts at an amount
believed to be higher than any bidder is willing to pay arowered until one of the bidders
accepts the last price. Several studies show thatyffesof auction tends to yield prices that
are equal to or lower than the true value.

The English auction (the ascending bid scheme) is a @igecauction in which
bids are freely made and announced until no purchaser e heske any higher bid. In this
auction mechanism, a bidder is able to observe some biddiagibebf his rivals and may
make his bidding decisions based on the bids of others.

The first price and second-price sealed bid auctions arus(they are both sealed-
bid, distinct from the oral auctions) except that infdrener, the auctioned good is awarded
to the highest bidder at the price equal to his bid, whileardtter, the good is awarded to
the highest bidder but at the price of the second-highestrbidd#e second-price auction
(also known as the Vickery auction) bidders have an ineetoitruthfully reveal their true
values; under bidding risks foregoing a profitable purchase wide bidding risks making
an unprofitable purchase.

In a variant of the Vickery auction procedure - the ramdth price auction
mechanism (credited to Shogren et al., 2001nthénighest bidder (chosen probabilistically)
wins the auction but pays the price of the n-1 highest hiddes procedure has been found
to be incentive compatible - it induces subjects to trllthfaveal their preferences. The
Vickery auction procedure has been used in environmentakiadwehere respondents bid
on a specific proposal for implementation. If the pigdas supported jointly by the group,
the environmental good is supplied. Subjects should understamdnnection between their
actions and the possible outcomes (salience). In Bayake €1992), subjects bid on
preservation of a tree species. Underbidding resulted ingathgie struction of the tree.
Subjects witnessed this destruction - the outcome ofthakiation. Some studies in the field
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of psychology often subjected respondents to tastingex bitih-dangerous substance called
SOA if subjects underbid (see for example Coursey e1@87).

Experimental methods may have some advantages over attieyds. For example
many of the biases and shortcomings of the CV (se@set3.4.2) can be controlled for
when experimental auctions are used. In fact, the atteaess of experimental methods is in
being able to control confounding or nuisance factorsekample information biases may
be controlled for by providing brief unbiased informatiorstibjects while strategic bias
(mentioned below) may be controlled for by not reveadind-round outcomes or limiting

experiments to single-shot observations.

2.4.1.2 Some Limitations of Experimental Auctions, and their Mitigation
Like with other methods, a number of issues are oé@enwhen using experimental

auctions. Among these are framing issues, choice ofdytpel, experimental design, and
choice of payment vehicle. However, as mentionedezathese issues may be addressed
empirically.

Strategic bidding where subjects bid based on their indivigleraleption of other
members’ bidding behavior has long been of concern to iexpetal economists. In his
recent study Maupin (2006) found that Filipino farmers catsalit their peers’ bidding
behavior and submitted higher bids in subsequent bidding round=sarfer study by
Cooper et al., (1996) showed that Chinese participants coegenatre than their
counterparts in the US (in a game in which players wardomly reassigned new partners at
the beginning of each round). Strategic bidding is moslyliceoccur in multiple-round
experimental sessions when subjects repeatedly ‘meet’ @her during the experiment.
Andreoni and Croson (2002), and Mestelman (2004) in theingtra and partners’
treatments in public goods experiments, find that parteergributions do not fall because
members are afraid that if they decrease their datons then other members will too.
That is, if some members free-ride, then all wiltl{er as a punishment mechanism or
otherwise). To avoid strategic behavior, single-shotrreats have been encouraged
(Mestelman, 2004), or multiple-round experiments whereestdbpre informed that the
chances of ‘meeting’ again in the experiment are shnaddition, not revealing the end-
round results when the experiment is on-going or mainigiorivacy of subjects’ actions
might control for this behavior (Friedman and Sunder, 1994).
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A number of studies valuing environmental benefits or valpeagple’'s demand for a
public good introduce a ‘pseudo-good’ such as a research orgamittatvhich subjects are
required to ‘donate’ as a means of revealing demand fquuibkc good or as support for
research on an environmental improvement project. Hawpeeples’ donations in such
experiments do not really reflect their valuation. Adivnidual may reason that they can
appreciate the output of an organization without havinfutad’ it. In such instances, their
‘donations’ will be limited. In addition, organizationsveatheir pre-set budgets, rules and
regulations. Individuals might feel that their ‘donatiovill not make a difference. Such
studies therefore may yield undervalued estimates of teiedad good/service. In my view
weak complementarity is rarely achieved through such pseudisgoo

Studies involving college student subjects are common intéinature and they
continue to dominate economic experiments (for exai@dese and Harbaugh, 1999).
Some authors argue that a realistic approach in sulglectisn may be to involve adult
subjects since adults are the majority of people who medauction and consumption
decisions, and who make decisions of welfare/utilitximaation (List, 2007). Advocates
for student subjects on the other hand state that stadjeicts have low opportunity costs
and steep learning curves providing dominance and salience eb&\Friedman and
Cassar, 2004), while others have concerns of whether stademepresentative of the total
population, arguing that value estimates from student arttigrdups vary (Maupin, 2006).

2.4.2 Choice Experiments
Choice experimentation is a broad technique in whiclviddals’ preference for a

commodity or resource is obtained using multi-attribuiteria. Respondents are presented
with various alternative descriptions of a good differeatidby their attributes and attribute
levels, combined into choice sets and in each choic@ndersiduals indicate a preference for
the attributes of one alternative over the otherpeReed choices from various sets of
alternatives reveal the trade-offs that an individoakes, and the utility individuals derive
from the attributes can be estimated.

Four types of choice experiments include contingentingnichoice rating, paired
comparisons and discrete choice, of which the discreige methods are receiving the most
attention. With contingent ranking individuals compane rank bundles of attributes in
order of preference from the most preferred to the [@aéérred. The most preferred profile
is chosen from the entire set, then the second rgmicdide is chosen from the remaining
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choice set and so forth. Thus the number of alteresiivthe choice set decreases as ranking
depth increases. Interpretation of ranking data is baseda@mlom utility theory explained

in the next chapter. The task is cognitively more denmgnthan answering willingness to

pay questions and respondents may get fatigued especialljtlieheamber of alternatives

is large.

In discrete choice experiments respondents are sinewltssly shown two or more
different alternatives and their characteristics, aska to identify the most preferred
alternative in the choice without necessarily raglon rating them. Choice of one alternative
in a set of alternatives simply indicates prefererfceechosen alternative but does not say
anything about the un-chosen alternatives (detailed later).

Rating is a choice procedure variation of the disathtace format, where
respondents compare alternate situations and scoredrntenmms of strength of preference.
Rating data is analyzed using ordered probit or orderedrumiels.

Within each choice set attributes are varied in or@stimate their relative
importance in predicting choice behavior. Several desiggnnatives are presented first to
decrease the number of choice sets presented to resprimérdlso to reduce any
collinearity effects (Louviere et al., 2000), and also toside balance in the choice sets
presented. Willingness to pay for changes in the le@lseogood can be obtained as long as
one of the included attributes of the good in the cheatas a price/cost variable. The
method leads respondents to explicitly make trade-offgdset the various attributes of a
situation without directly asking people to state theinetary values thereby circumventing
problems associated with contingent valuation whengoreses focus on direct monetary
value expressions. Of the four types of choice expetsnéiscrete choice experiments are
currently receiving most attention and the following d&gion on choice experiments/choice
modeling pertains to them.

Choice experiments generate data based on individualensent of their
unobservable behavioral preferences. The conceptualstguctderlying choice
experimentation is derived from Lancaster’s (1966) thebopnsumer demand: that any
good or service can be described by its component chaséickerand consumer demand is
driven by commaodity attributes. Alternatives are comthiméo sets called choice sets which
must be mutually exclusive, exhaustive and finite (Train, 20@8tual exclusivity requires

alternatives to be appropriately defined so that an agehtiice of one alternative excludes
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choice of another alternative within that choice Bathaustiveness can be achieved by
including all possible options within a set. The conditiwat alternatives must be a finite
number that can be explicitly listed, is one of theidguishing features of choice models
from regression models. It means that the dependenblearglimited or categorical as
opposed to being continuous. As such choice models @& adtled categorical dependent
variable models (CDVMs).

Discrete choice models are of two kinds depending on wheithiity is considered
constant or random. Constant utility models assuntieyusi a fixed function defined over
choice objects, that is, utility is deterministic biog decision process is probabilistic.
Decision makers can choose an alternative whosgyusilnot a maximum, but rather they
behave according to some probability distribution defined theechoice objects in which
utilities are parameters (Batsell and Louviere, 1991). Tires#els are not as popular as
random utility models (RUMSs) which are derived from asstioms of utility maximizing
behavior by decision makers. In RUMSs, the decision ralesleterministic and uncertainty
is captured by random variables representing utility (Bedasel Louiviere, 1991). The
decision maker’s choice of a discrete outcome is basete expected utility obtainable
from this choice, itself being composed of systematitrandom components. The
economic theory of value on which these models aredbassumes that individuals, given
an opportunity, act rationally in their self-interestisltmeoretical framework is developed in

chapter 3.

2.4.2.1 Some Limitations of the Choice Experiments, and their Migation
Although the trade-off process used in choice experimsmisemed one of the

method’s biggest advantages, it can have problems asgbuidh respondent’s familiarity
with valuing those trade-offs. Respondents may find soaakeoffs difficult to evaluate,
because they are unfamiliar. In such cases responuagtselect a decision strategy based
on the existence of a trade-off contrast. For instawbenever an inferior option is included
in a choice set the probability that the superior adtiiva is selected increases because of its
dominance effect regardless of knowledge about the opti@hbecause such a choice
situation is cognitively easier to process (Alpizar t2001).

If the choices are too complicated, the amount ofteffemanded when choosing
alternatives in a set of choices is so high thexaeeds the ability of respondents to select
the preferred option. When this problem, referred to slsdamplexity occurs, individuals
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fail to properly answer choice questions and may resaintplified decision rules which
can bias the results of the analysis (Mogas et al5;28fizar et al., 2001; and Hernstein,
1992). Task complexity is determined by the number of cleste the number of
alternatives in each choice set and the number rifiettts describing the alternatives
(Alpizar et al., 2001, DeShazo and Fermo, 2002). The probi¢asio complexity can be
overcome at the survey design stage by choosing anaptumber of alternatives, and
carefully selecting necessary attributes. In theidgtin Guatemala and Costa Rica in 2001,
DeShazo and Fermo, (2002) establish that failing to coiar@lomplexity can lead to over-
or under-estimation of welfare effects by as much as 33%eneral if choices are
complicated, task complexity increases because of cogeitive involved in
comprehending information.

When presented with a large number of tradeoff questieappndents may lose
interest or become frustrated. This is overcome by regwtinice sets using a statistically
tested method of orthogonal sets (Louviere et al, 2001) eMemothers argue that by only
providing a limited number of options, it may force raggents to make choices that they
would not voluntarily make, or that it reduces the cleartbat the respondent finds an
alternative that matches his or her preferences maetly. In fact DeShazo and Fermo
(2002) argue, and confirm that increasing the number of guestr alternatives affects
consistency in a quadratic manner — where questions ayadeltion of one more question
increases the performance of the model while if the numibaternatives is already large
adding another question increases confounding information.

A major problem with choice experiments has beem thgiothetical nature, where
no mechanism ensures that subjects truthfully revealpheferences. As such there are
concerns about the difference between what people saywthdgl do and what they actually
do in these situations.

2.5 Field Experiments in Developing Countries
Conducting field experiments in developing countries is otlyreeceiving great

attention for a number of reasons. The cost od fledperiments in the developing world may
be lower than in industrialized countries - the developeddacould be said to have a
comparative advantage in laboratory experiments. litiaddand perhaps the most
important reason is the quest to learn more aboutdteloping world than is currently
known. It is clear that many economic experimentalistudave in the past been conducted
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in industrialized countries (mostly with university studsumbjects), and little was known
about the behavior of economic subjects in developingtdeann an experimental setting.
The current growing body of literature in field expemtgemay fill this knowledge gap.
Among the earlier works on field experiments in the dgyiag countries is in
Henrich et al (2001) in which fifteen diverse populationsenrvolved in a mixture of
dictator games, public goods games and ultimatum games disigtest behavior of
economic subjects. Since then many more studies hieee the laboratory to the field and
substituted the student experimental subjects with aduktcisbRecent work using
economic experiments in Uganda involves examining decisiaking under risk (Mosley
and Verschoor, 2005) and in public goods settings (lversdn 20@6). The objective in
most of these experimental games has been to providggtissnto social preference such as
tests of presence of altruism, fairness, cooperatgmiprocity or trust within (and without)

members of a given group.

2.6  Conclusion: Valuing Health and Environmental Benefits using Kperiments
Even with recent advances in non-market valuation ousthvaluing passive use

remains a challenge because these values are assoatatgdads and services that do not
have direct linkage with expenditure, purchase or otheerehble market behavior.
However experimental economics provides a promising aliemnto other methods which
have numerous drawbacks that experimentation can addicesalue the environment one
considers its possession of public good characteristmsever, finding a good that truly
represents all the components of this environment isj@r ivaiting factor.

The use of choice experiments and experimental auddbom®n-market valuation
including the environment is relatively new. Before 1994 aheikperiments were only used
in the fields of transportation, architecture and landsdagen, engineering and marketing.
However many recent studies are using choice experiti@nta resource and
environmental economics and also in health economigs. &perimental auctions,
although proposed much earlier on, their use in developingtdes has been limited.
Laboratory experimental auctions have been suggested asltiions to the many problems
of contingent valuation surveys, and as a way of impprasults obtainable from choice
methods. Because both these methods generate thettab&such that economists can rely
on them without depending on pre-existing market dataaa dencise and well-written
instruction set for data generation is crucial (Friediauach Sunder, 1994).
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The review of literature on non-market valuation has agkéd both advantages and
limitations of various methods. The current study uses ®&peré@mental methods: field
experiments and choice experiments to value health ancbemental benefits. Although as
mentioned above, experimental methods were proposed eanjlitt is only recently that
their use has become widespread. Moreover the literatutieeir application in developing
countries is still limited. Previous studies such as Htigled Wintersteen (1992), Mullen et
al., (1997), Cuyno et al., (2001), Maupin (2006) and Brethour aeet$Wk (2001) have
applied contingent valuation or experimental auctionstoevpesticide risk reduction.

One of the key advantages experimental methods havat ih#dy allow us to
generate a type of revealed preference informatioriuatg®ns where data are not available.
However it is important to note that they have theindimitations and may thus not be

absolutely better than other approaches under all conslit
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3.0 Methods
From the previous chapter, the advantages of both cegmeErimentation and

experimental auctions motivate the current study to wesetimethods to capture the
advantages in these applied non-market valuation metimold® grovide a basis for
comparison of the two methods. This chapter is subdiviint® three parts. Part one explains
sample selection. Part two explains experimental augtiocedures. Part three describes
choice experimental procedures. In choice experimdmsd¢onomic model is the basis of
the analysis as it affects the design and analygiseodata. As such a sub-section on the

choice experiment economic model is detailed befor&amipg the experimental design.

3.1 The Sample and Testing Conditions
In this subsection the pre-testing procedures are explainaddition, the method

used for selecting the sample for both experimentatitotsais detailed, as is a comparison
of sampling procedures between this, and other studibs ieveloped countries.

3.1.1 Pre-testing
One major difference between economic experimenteweloping and developed

countries is the uncertainty of the experimental emwvirent. While in the developed world,
subjects are often brought into an experimental laborétisyally designed for that purpose
equipped with computer terminals and lab assistants) therdsory’ in the developing
countries may take on several forms. A recent studvdnypin (2006) in Philippines and
USA found such major differences in testing environmdrdsriesults from two different
testing environments were incomparable. Henrich et24lQX) also found ‘environmental’
differences in small-scale societies that affectdation results. Because of these
variability issues, focus groups and pre-testing are nagessse Apendix 1 for the step-
by-step pre-test procedures and results that influenceth#telésign and procedures for the

actual experimental sessions.

3.1.2 Sample Selection and Study Area
Sample selection for game experiments and experimental diens

The goal in designing an effective non-market valuatiadysts to formulate it
around a specific community that is knowledgeable abowgdbd that one seeks to value.
This implies targeting respondents in a location whezesgecific problem is centered.
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Respondents for this study were identified using a twedisystem, selecting individuals
from two classes of people to provide a good basisdimparison of values of the
environment between different groups. The first groupféheer group) comprised semi-
randomly selected groundnut producers from Iganga districledldéng producer of
groundnuts in Uganda.

Study participants were drawn from each of the threet@suthat comprise Iganga
District. Waibuga sub-county (in Luuka County), BuyangaBligweri) and Nawandala (in
Kigulu) were chosen because they are the largest groupdiaiicing sub-counties, and are
also NAADS pioneer sub-counties (NAADS, the NatioAgticultural Advisory Services is
a government program aimed at increasing agricultural prioduttrough provision of
effective agricultural extension services). Within eatthe selected sub-counties, the two
largest parishes (in terms of population size) weretiiikssh Two villages from each
selected parish were randomly identified and village heads contacted to provide lists of
all groundnut farmers in the village. A random selectibapproximately 10 farmers from
each village list was then conducted. This randomizat@as important to eliminate any
potential favoritism which would bias the sample. A toffal21 participants formed the

farmer group sub-sample. Figure 3.1 shows the sampleisalpcbcedure in Iganga.
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Counties Parishes Villages
(Sub-Counties)
Luuka
(Waibuga)
[Buwooya |
lganga Bugweri
District (Buyanga)
Kigulu
(Nawandala)

Figure 3.1: Balanced Sampling Design for Iganga District. (Smce: Bonabana-Wabbi, 2007)

The second group (the non-farmer group), the more educabeah, population was
sampled from Kampala district. Respondent selectionse&as-purposeful - targeting the
urban respondents in Kampala, by posting 35 “invitation-ttiguaate” notices in several
strategic areas around Kampatapendix 2).°

Both Kampala and Iganga districts were important fordtugy because the former
contains the biggest urban population in the country aodd<f the leading consumers of
groundnuts, while the latter is the leading producer of grouadnuhe country.

Additionally, farmers are generally thought to have feyears of education compared to the

® This being a passive sampling method resulted in an exyrémeresponse rate. (Only 10.7% of the urban
sub-sample was obtained using this method). This low volantas not uncommon especially with a non-
student subject pool. Huck (2007) notes that professionals@a#yusarder to motivate, which might explain
why their response rate to posted messages is loweshef the respondents were obtained by actively
recruiting participants at strategic locations, crepti semi self-selected sample of subjects who couddsit
read. For three markets (Nakawa, Bugolobi, Wandegeya), masgkkers were asked to mobilize 2 groups each
of market vendors on a date convenient to them. Fostiools (Makerere College, Little Swans), the head
teachers were contacted and asked to mobilize 3 groupseachers during their lunch break. Five groups
gathering for a social occasion, and four groups of peeptking on special projects were included in the
sample. Sampling excluded individuals who were full-tinoelsnts.
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more-than-high-school urban dwellers. Unlike the fargreup which may have profitability
interests related to pesticide use, the non-farmer grayphave environmental concerns
over pesticide use. Thus this sample selection methmalsatapturing the views of a wide
spectrum of respondents providing a basis for compariserebatdifferent classes of
people: farmers vs. non-farmers; rural vs. urban dveelend primary producers vs.

consumers.

Sample selection for choice experiments

In-person interviews, generally considered to be thedmsiach for choice
experiments (compared to mail or telephone approache®) davantages in that there is
researcher-respondent interaction, a necessary agpeatsurvey questions are deemed
complex and where clarification on some aspects date@OeShazo and Fermo, 2002).
Especially in cases of low levels of formal educateperson interview sessions become
much more relevant. During the pre-testing in Iganga, ebtite 16 pre-test subjects were
given 5 choice sets. Three of them had implausiblebamations. The implausible choices
were selected 40% of the time indicating that subjectaatidinderstand them (see
Appendix 1). As such all the choice experiments for this studsewen only with the
Kampala subjects where a subset of experimental auctipacss also evaluated choice
guestions. Thus, this Kampala choice experiment sub-samaglself-selected unlike the

experimental auction sub-sample in Iganga.

3.1.3 Sampling Differences
A comparison between the sampling methods used in this ahatliyn experimental

studies in many developed countries reveals severalahffes: In developed countries,
respondent selection for surveys is often done usingtidom digit dialing procedure or
through local addresses from the department of motorleshithis selection is facilitated
by the centrality of local address and telephone dataelourrent study, telephone or local
address registers do not provide a representative safrtpke mopulation. Telephone
coverage in Uganda is limited. By March 2006, only aboub8%e population was
accessible by telephone. Moreover, this percentagenceatrated in the major towns. In
rural areas, although increasing due to liberalizatioreagtablishment of new service
providers, telephone coverage is still limited. Besidek bf accessibility, the cost of
telephone calls is high. In-country one-minute calfgha range from Shs. 480 to Shs. 600
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(US $0.33- US $0.40) depending on the service provider. Thentunegl system is still
recovering from past infrastructural damage. Thus, althoagbnal and private mail
coverage is wide, the service is largely unreliable aaill selivery time could take up to 3
months. As such a mail survey becomes intractable &gld@hone survey can only be
applied in bigger cities, and at a high cost. Thus, tiesses: lack of well established mail
and telephone systems countrywide and cost implicati@k® in-person choice experiment

interviews more appropriate.

3.2  Experimental Procedures I: Game Experiments and Expemental Auctions
As was alluded to earlier, the basic idea behind econoparinents is that we can

put people in circumstances that have been prepared bygéemsenters and then observe
their behavior. This method avoids asking people to statetiey would actually behave in
certain circumstances, because of the concermpéagile may not truthfully reveal their
preferences. Experimental auctions allow researchetssteree what people do instead of
asking them what they would do, and in so doing, expetahemethods may increase
external validity.

In designing experiments, previous research finds thagkesshot game and a
multiple shot game may result in different outconTéss is perhaps because in a one-shot
experiment, subjects do not fully appreciate the game.edemafter several rounds of
“learning”, subjects might understand the task and are aliterh adequate preferences and
beliefs about the situation. In this study, a learning @heass allowed before actual bidding
started to help subjects to understand the experiment pMutbund games have been found
to introduce strategic behavior which biases results.

As was mentioned earlier, non-use non-market valuelsaader to estimate than
market values and although the available methods are algbrioof, the idea is to use a
method that approximates reality while providing an opportuaitgdrn from it.
Experimental economics methods come closer to thistgaalother methods of valuation.
They (as this study shows) can be employed to provide exl/patference information on
people’s demand for a pesticide-free environmental public gbede market data is

unavailable.
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3.2.1 Experimental Design: The ‘Goods’ Experiment
A total of two hundred and seventy seven subjects werdvan/dn the field

experimental auctions in both lganga and Kampala distfittisty five experimental
sessions were run in all. Each session involved approXir@geibjects and no subject was
allowed to participate in more than one ses$iBach subject was endowed with Shs. 500 in
one hundred shilling coirfsThe use of an endowment serves as what some reder to
‘starting capital’ and is based on the idea that confreubject behavior can be achieved by
using a reward structure to induce pre-specified monetéurg a&tions, (Friedman and
Cassar, 2004, Smith, 1976), referred to as induced value (hed)yin experimental
economics literature. Endowing subjects with cash alletsal statements of value with
real economic commitments since cash based estima@embiased signals of preference
(Smith, 1976). One treatment was administered to eachrswip as shown in the simple
2x2 design (Table 3.1) beloWAppendix 3 shows the detailed design incorporating all
sessions. A small number of treatment variables proadespportunity to learn more about

these treatment variables than would be the caseavisitye design.

Table 3.1: Experimental Treatments

Information structure
Information No Information
Trial Type | Individual Decision Self-Info Self-No Info
Group Decision Group-Info Group-No Info

" If subjects are not informed of the number of periodset played the resulting game yields the same
equilibria as the infinite game, since no period is kmowbe the last. Also this procedure eliminates rejoutat
building which introduces strategic bias. Many ways otmimg for strategic bias are imposed here, for
example no communication between subjects was allowed.

8 Given a fixed budget allocation, there is a trade-off betwthe level of endowment and the number of
experimental subjects. The initial plan to endow subjecexjaivalent of the 2007 per capita daily income
(PCDI) was constrained by budgetary limitations. The S0 endowment represents half the national PCDI.
In other studies, tokens or coins have been used tacrairtual expenditure for goods. The tokens are
redeemed at the end of the experiment and exchanged for giwaeyto the holders of those tokens. However
this payment vehicle introduces some hypotheticalibittsat the stakes are not real during the actual
experiment, although those in favor of the token approagtest that this should not really be a problem as
long as subjects believe payment will be made.

® Each 2x2 cell/subgroup consists of respondents for boMAEER and the GROUNDNUT experiment (See
also section 3.2.2 below).
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3.2.2 Individual Decision Making
Respondents are each presented with two units of a goockdiféded only in terms

of labeling. The goods included WATER and GROUNDNUTS, bo#ilyeaccessible
familiar goods in both study areas. These goods areydarticappealing because although
most individuals are unfamiliar valuing the environmentsrentirety, they can at least
identify with components of the environment, which makes thluation more realistic.
Also, these ‘goods’ are used in their most ‘usual’ stagevoid subjects mistakenly valuing
the modifications/processing that goes into their prodact chose the presentation of two
units instead of having just one unit (of either a “good” traal”) to avoid problems
associated with abstraction - making the situation meakstic. Other (visual)
characteristics such as color, size, and contaiperwere the same. Using plain white labels
pasted on the good and by word of mouth, subjects are infahatethe unit of a good
labeled A is from a trusted source and is free fronigess, while that labeled B was
obtained from a source of unknown quality and may coegticides or pesticide residues.
This set up is designed to mimic the real world scenahnergvchemicals, even though not
visible to the naked eye, can be present in the environmeeie affecting health and
environmental quality. Survey subjects are then asked todiiddoally to avoid being
subjected to consuming a good labeletf B.

3.2.3 Group Decision Making
Provision of a pesticide free environment can be viewgui@assion of a public

good. A public good as defined earlier is both non-rival asvdexcludable in nature. Both
these characteristics however present a fundamentaépravith public goods provision.
Although it is reasonable to assume that everyone woafdipa pesticide free environment,
it is in the interest of each individual to free ridelanot contribute towards its provision.
Procedures for studying voluntary behavior relating to public goodsion or free riding
behavior vary, but generally the situation is best maldedeng the n-person Prisoners’
Dilemma game$! In these games the individual rational action seentesaid to a social

10 Use of neutral terms such as ‘good A’ and ‘good B’ avlmdded words promoting dominance (Friedman
and Sunder, 1994).

1 In the 2-person version of these games, the two (nomemicating) parties (prisoners) each have two
options: C (for confess) and D (for defect, remaiengjl If one party confesses while the other defélats,
confessor is released while the defector is given maripunishment. If both remain silent, they receive the
minimum punishment, while if they both confess then thaiy receive an intermediate punishment.
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dilemma or “Pareto inferior” outcome. The dominamatggy for each individual, acting
rationally (and selfish), will be to free ride (Gua?805)*? But then if all respondents play
their dominant strategy the outcome will be inferiothte social optimum, that is, less than
what could have been achieved by all making full contributions
Individuals want to maximize utility). Assuming individuals derive this utility

from monetary payoffs and from provision of a public goodisfh

v, = £(77,,G) (1)
where 77; is the monetary payoff private good of playesndG is the pesticide-free
environment public good® **The monetary payoff functior, is a linear function unlike
that considered in other studies (see Mestelman, 2004) antherspecified in the following
form:

T=X-g (2)
Therefore (1) becomes:

V,=f(X-g,0 3)
where X is the initial endowment agd g; are contributions to the public good by subject

and other respondents in the groud,he public good is either provided or not. Thus:
1 if ) g,>Y
j=1

0 Otherwise

G= 4)

However, once provided, all individuals derive utility framAree-riding in this case is

equivalent to having; = 0 but expectingz g; >Y, such that G=1 any; is maximized®®
j=1

However the socially optimum outcome is for all indivals to fully contribute, in which
caseG=1. When all subjects contribute their total endowmgrif=X), G=1 and no
subjects are subjected to the environmentally un-friermitgition of drinking/consuming
water/groundnuts of unknown quality (potentially pesticidataminated). However, if all

12 Assuming individuals are substantially uninterested in toieh of other people, that is, issues of altruism,
fairness and equity are not considered.

13 Kotchen (2006) decomposes this G into a pure public goodreingpaire public good that jointly provides
both public and private consumption characteristics.

4 Note that the G is not indexed because it is not iddal specific: consumption is in a collective provision
situation - once provided, all individuals benefit, anat provided, no one consumes.

15 Strict inequality because for efficient provisionaopublic good, the sum of WTP must exceed the cost of
providing it.
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free-ride them;=g;=0, G=0, and all subjects consume goods labeled B regaafldss

amount ofz, . Each individual, in making; contributions, makes a tradeoff betwegand

G. The value Y is not known a priori. It is determinedimiythe experimental sessions by
factoring the session binding averdye

3.2.4 Field Procedures
Bidding followed thenth price auction procedure explained to the subjects bdfere t

experiment started. Bids were ranked anchthiighest price recorded as the binding price.
Then-1 highest bidders each paid tti&highest price and did not consume good labeled B,
while the other respondents were subjected to consuming gO®opBndix 4).’ The
experiments assume that subjects are motivated tdulitytblace a value on the
environmental situation as it relates to personal healththese assumptions are validated by
getting subjects to actually “consume” their purchase ér@sman (2003a) puts it: “to live
with the consequences of their choices” (pp. 175).

As mentioned earlier, with incomplete information, sutgd@mve been known to
make their own assumptions about the study hence afjdtiir responses to questions. In
the information treatments introduced in Table 3.1 abswejects were given a brief
handout with information regarding the potential effedgsesticides in the environment. In
the case of the farmer group, this information was fiiestslated into the local language and
read out to the subjects. Care was taken to make this mtfiombrief, bias-free and as
simple as possible hence reducing confussae (Appendix 5a — 5dor the statements).
Subjects were not informed before hand which treatmenkymood, group or information)
they would be participating in. A post-experiment evatuatjuestionnaire asked subjects to
justify their responses to the experiméhppendix 6).

In the group decision treatments, each individual in agwmas given an initial
endowment which they could deposit in a personal accaunvest in a communal/group
account for the purpose of contributing towards the publi@gtndividuals were informed
that the total sum invested in the group account would hexlefiroup members equally
regardless of how individual members bid (since public goaa@mn-excludable). The rest

16 Group bids were ranked in descending order, and then a léie tmldetermine the binding rank. The bid
amount in the position of the binding rank became thsiae binding average which was multiplied by the
number of group members to obtain Y.

" See section 2.4.1.1 above.
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of the bidding followed the same procedure as the individieekion treatments described
above(Appendix 7). A training period with no “real” payoffs was allowed bef@actual
bidding started to familiarize subjects with the auctiorcedure and gain experience with
the gamé? Again, a post-experiment evaluation questionnaire askedctalp justify their
responses to the experiment and to report their soocieeac informatior(Appendix 6).

3.2.4.1 Procedures in Kampala
In all Kampala sessions, the experimental ‘labs’ veeteup in the same way but the

procedures differed according to which treatment was beiminétered.

* Furniture (stools, desks, chairs etc) was arranged in swely ghat subjects would sit
as far apart from each other as the room would allow.

» Two units of the good labeled “A” and “B” were placed on thiiture, together
with an instructions booklet, a pen and a khaki envelapeléd ‘E’ containing the
endowment.

* The 8 (sometimes 9) participants were then let intodben and got seated at
designated positions.

» The researcher briefly introduced herself and informetigzannts that each one
would be given a lunch allowance at the end of thamess

* The researcher then read the instruction sheet odtdtter which participants were
asked to take about a minute to re-read the instructimhsagse their hand if they
needed clarification.

* A consent form was passed round for participants to tréie names and sign
(Appendix 8). Participants were told that those who wished to wathwdrould do so
at this point by not signinty’.

» Participants were then issued the bidding sheets, askedrtalegireenvelopes,
establish the amounts they were willing to pay and wilngeamount in the
appropriate spaces on the bidding sheet.

» For the ‘group’ treatment, participants were required swan two questions in the

instruction sheet (page 3 Appendix 7) as an indication that they had understood

18 Non-binding practice (learning phase) trials have beenester) as ways of improving efficiency by

allowing learning and also to reduce under-evaluation.

9 Two subjects (both in the Kampala subsample) out aihdb278 opted out of the study at this point. When
asked for reasons they mentioned that they had faileaiderstand the instructions.
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the instructions. After they answered them, they weaéy to proceed with the
bidding (which in this case simply involved making the deaigibthe amounts they
wanted to put into envelopes “G” for Group and “P” foiv&te).

» Each participant was then issued a random code and toldt¢éatvan all documents
(including the “G” envelope in the case of ‘group’ treatiség.

» After bidding had taken place, the bidding sheets were tedleand bid amounts
arranged in descending order.

» The researcher then rolled a die to determine the bimamaunt. This amount was
communicated to the session subjects.

* The decision to “Consume B, Do not pay” or “Do not cansB, Pay” was made
based on whether a subject’s value fell below or abloedinding amount. This
decision was written on the bidding sheet and returned tigipants.

* The researcher then collected:

a. Unit A from subjects whose binding decision was “ConsumBdnot pay”.
b. Unit A, Unit B, and the payment from subjects whose bindiegsion was
“Do not consume B, Pay”.

« Those subjects remaining with Unit B were asked to congwihé"

» After collecting empty containers from those who eomed Unit B, all participants
were issued a post-evaluation form.

» For sessions that also involved choice experimerdsusised below, 8 choice sets
were presented to the participants and told to write togie on both the post-
evaluation form and the choice cards.

2 The ‘no-communication-amongst-members’ instruction evaphasized by telling participants to read the top
of their instruction booklet again. During the pre-testewthe no-communication rule hadn’t been enforced,
two members instigated others not to consume Unit &rategy had then been devised to obtain the group
members’ values without repeating the experiment. Trexg wold as a group that if they did not consume Unit
B, it would be an indication that they valued their healthenthan the endowment and thereafter were asked to
relinquish the endowment. Again, group dynamics set in and sremere hesitant to surrender the money.
This clearly is an indication that people’s behavior caodvalitioned by outside influences when
confidentiality is relaxed as was the case here whemtambers (male youths) instigated the rest of thepr

to behave differently. It was then decided that in thescessions, the no-communication rule would be
enforced.

2 Generally | noticed a lot more hesitancy consuming Brif the Water treatments compared to Unit B of the
Groundnut treatments.
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The session ended after all documents were handedhe tesearcher and
participants given their lunch allowance. On averagé ealividual decision making

experimental session lasted approximately one and adal.

3.2.4.2 Procedures in Iganga
The lganga sessions were similar to the Kampala ses3ibag only differed in the

following aspects:

3.2.5

The instruction booklet was not given to participants, atlter instructions were
read out loud (sometimes up to 4 times) to participants.

The written example drawn on a chart was held uplfdo see.

Four out of the 14 Iganga sessions were carried out indée (under a large tree).
The materials were set up (on the ground, chair, mptuwttie the participants were
engaged in an ‘agricultural production’ discussion notedlab the topic of research.
Pen and paper were provided only at bidding time after noticatgstime people get
intimidated on seeing them (pen and paper). For some wlio ot even write their
names, the researcher had to assist at all filmes.

A limited number of post evaluation forms could be used this group due to the
low literacy levels with this group. Instead particigawere asked questions in a
group discussion as the researcher recorded their response

The literacy level of the farmer sub-sample also didldw me to run the choice
experiments with them.

Individual decision making experimental auctions with eener group took longer

than the urban sessiofis.

Theoretical Framework
When the dependent variable is either discrete (bicanynt, ordinal, nominal) or

has a limited outcome space (censored, truncated, sashgadtesl) the use of linear

regression (OLS) poses several problems such as yieldireglyiegression coefficients,

22 Some subjects who got overly intimidated by pen and papeght that they were in an exam setting, failed
to write anything for fear of being declared as havimgt ‘passed the examination”. Some people even asked
the researcher to decide for them what to write down!

% Most time was spent ‘gathering’ the participants thanadlgtcunning the sessions. Especially when it rained,
turn out the next day was low or delayed as farmers coylds on the opportunity to do sowing prior to any
other commitment. Unfortunately those who arrivedydaad to wait since the sessions could not stait aiht
members of a group were present.
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non-normally distributed error terms and heteroskedistigiased regression coefficients
undermine one’s ability to trust predicted values, whileother two undermine one’s ability
to produce unbiased standard errors or to conduct testsisticahsignificance.

Limited outcomes are continuous variables characterizédebfact that their
observed values do not cover the entire range, thifies are cut-off at some particular
value. An observation is truncated if it is incompldte to a selection process in the design
of the study. That is, a sample is truncated if daé@aslable on a subset of the whole
population and observations are not sampled at the iange of values, upper range of
values, or both - only some observations get into thgka On the other hand a censored
variable is one whose value is incomplete due to rarfdotars for each subject. Data is
recoded for a subset of the population and we obsenexgianatory variables for the
whole sample (all individuals are observed but only solnservations can be made on the
dependent variables). Breen’s (1996) distinction betweetwihdimited outcomes is
revealing (Table 3.2). According to him, a dependent variablelma truncated when the
sample is censored. What determines when to use trunegtedsion or the censored

regression is the nature of the limitations on the.data

Table 3.2: Distinction between Truncated and Censored dat

Sample Dependent Variable Independent Variable

Censored Dependent variable is known | Explanatory variable values
exactly if some criterion defined inare observed for all of the
terms of the value of y is met. Y issample, regardless of whether

a truncated random variable y is known exactly

Truncated Dependent variable is observed Explanatory variables are
only if some criterion defined in | observed only if y is observed
terms of the value of y is met

Source: Breen (1996)

Censored data is modeled by specifying a Tobit model. Iggheral case of

censoring from below, suppose that there is a latenu@@bservable) variablg that

linearly depends ox via a parameter vectgr.
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Y, =%B+y. (5)
The observable variablgis defined to be equal to the latent variable whenevdatéet

variable is above zero and zero otherwise. That is,

" if y >0
! :{g‘ if::*so ©)
From the above formulation and following Greened@Qthe probability of an observation
being censored for a given valuexpis:
P(y=0)=P(y <0)= P38+ £ 0)= R &~ ) (7)
Equation (7) means that the probability that y=the probability that the random term is
less than the negative of the systematic compoh&nt. invoking normality and

homoskedastic assumptions:N(0,c?) thenE ~N(0,1) and hence:
o

(26 Jro2)e(2)
g g g
where @ is the cumulative distribution function. Therefore:

P(y>0)=1- q{ ‘ﬁj (%ﬁ} (9)

The expected value of the observed dependent \aigb
X.
E(y)=P(y>0).E(yly>0)= CD['?'BJ .E(yly>0) (10)

The truncated probability distribution is creatgddividing the pdf of the original
distribution by the region to the left of the tration point (when data is censored from
below).

E(y|y>0)= xﬁm)l[)‘ﬁj (12)
whereA()= % is the inverse mills ratiog (.) is the density function and([)lis the

cumulative distribution function. Therefore:

E(y):db[ﬁj{xi B+0A (X'—’Bﬂ (12)
o o
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:q{xﬁj ﬁ+a¢( xﬁ}

o

The two extreme cases of censoring are when alk@secensored, in which case

@([) =0and E(y) = 0, and when no cases are cens@Ped=1,(@()= 0 andl =0, leading

toE(y) = %8.
Using equation (5) sinagis normally distributed, they, is also normally

distributed. For uncensored observations wheresyah@ntinuous distribution over positive
values ¢>0), the density function is given by:

1 , \2
——|¥%i—%8
Le( 2o )] for all y>0 (13)
2o’
The likelihood function that applies to the unceesloobservations is:

1 e(’%()’i‘%ﬁ)zj

L(B,0%)= N (14)
YN0\ 2715
_ Yi—%x8 _1 7
Mn whereg (z e?
yx>00w( g J ¢()\/§T
and the log-likelihood is:
LogL(B,0%)= % log ¢( Y, Uw J (15)
For censored observations such §hat), the probability of an observation being censored
is:
P(y=0)= P(y <0)= cb[ ‘/”j (16)
as specified above, and the likelihood function gpplies to the censored observations is:
L(B.0%)= qn[ );ﬁj a7

The corresponding log-likelihood is:
LogL(B.0)= % Iogd{ )‘[”j (18)

From (6) censored data can be viewed as being nexetinuous-discrete, and combining
the two likelihood functions (14) and (17) yields:
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L(poty=n L d w0 g q{ﬁj (19)

y,>0 2770.2 ¥, =0 ag
Yi>0 g g ¥, =0 ag
And the corresponding log-likelihood is:
LogL(B,0%) = % Ioglw(yi_—x’[’)j+ > Iogd)(l"gj (20)
y; >0 g g ¥, =0 ag

Maximizing the likelihood (or log likelihood) funicin yields the maximum likelihood

estimates of the parameter vegtor

3.2.6 Empirical Specification
This study models WTP to avoid a bad environmestitdome that is due to

pesticide use as a function of socio-economic b&(age, education, experience with
pesticide poisoning, weekly safe-water expenditgemder, occupation, past hospitalization)
and treatment type (proxy good, information, grougdhin the sample and in the population
beyond the sample (for generalization). The amotitie endowment in this study imposed
a restriction on the range of the dependent variabinimum of 0, maximum of 500. While
the population’s willingness to pay (WTP) might baaxtended well above the maximum
allowable, this sample’s WTP does not, hence apfiim the application of a censored
regression formulation explained in section 3.2\Vere the interest to be only in the relation
between the independent variables and the depewdeable for the sub-population whose
WTP is within the [0,500] range, then ordinary kesguares (OLS) might have been
appropriate. But my interest is in this relatiopsfur all people for all values, and for this
purpose, OLS gives misleading results. Resultke@tensored regression of WTP on socio-
economic and treatment variables (equation 21}estd of the ability of the variables to
predict WTP are reported in Chapter 4.

3 7
Y, =B+, Treatment, + 3, Socie economjer ;,  (21)
m=1 k=1

m=1...3for PGood (proxy good), Info, Group treatments eespely

k=1...7for Gender, Educ. (education), Age, PExp (pestiplisoning
exposure), WaterExp (water expenditure), Salakitedp (past
hospitalization) respectively.
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where:

*

Y, is WTP

B,. 6.8, are coefficients to be estimated

3.2.7 Summary of Theory on Experimental Auctions
The creation of incentive compatible auction procedunethéese experiments was

explained. The design involved determining the testing envirofyrtiee reward medium,
size of experimental trial, information structure, numiseruns, form of proxy goods and
the factors to control for. The maintained underlyingiagsions were monotonicity,
salience, privacy and dominance. Parallelism was achievddfhylt. The limitation placed
on the dependent variable, WTP, implied that maximuntitiked estimation was

appropriate.

3.3  Experimental Procedures Il: Choice Experiments
This sub-section develops the random utility framewankgduced in section 2.4.2

above) under which choice experimental data is analyded.discussed here is the
explanation of the experimental design, the choica, datd specification of the choice

empirical models.

3.3.1 The Random Utility Model
Random utility models are used to implement an attribated stated choice

experiment, based on random utility maximization. Rati@gents respond to incentives,
choosing alternatives that they perceive to yield tHeerhighest utility. Two factors
combine to influence choice of an alternative: the attaristics of alternatives (attributes)
and the agent’s socio-economic environment. FollowingnT2003), an agerg's selection
of one alternative in choice occasibover another implies that the utilityi) from that
alternative is greater than the utility from anotf\éy) for that individual:

Ui>Ujg & UCq =1...... T (22)
whereCy is choice set for individual in choice occasion That is, choosing alternative
over alternative if:

(Vitq+ & itq) > (Vjtq+ Ejtq) DJ A U Cy (23)
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given that utility (latent and unobservable) is randomd can be decomposed into systematic
(Vi) and random components {f.* The systematic component is a function of observable
attributes of both the agent and the choice. Thusadket obtains utilityJ; while the
researcher captures part of this utility in the function

Vi=V(X) (24)
whereX; is a vector containing all attributes, both of the agextthe alternative. The
random component of individual utility captures variationsebserved utility and actual
utility, including variations due to unobservable alternagittabutes, unobserved individual
characteristics, and measurement error. The probathifityan agent chooses alternative
among competing alternativess therefore given by:

P=Prob[(Vi+ &) > (V;+ &) [j#] (25)

=Prob[(£-£i) < (Vi- V) [j#A]
Equation (25) implies that the probability that a randodngwn agent chooses alternativie
over alternativg equals the probability that the difference betweemahdom utility levels
of the two alternatives is less than the differendevéen the systematic utility levels of
those alternatives in the choice set.

The distribution of the, terms depends on the researcher’s specification of the

systematic utility. And so what determines the appropmaddel to use to analyze equation
(25) to estimate parameters that approximate choice befaeithe assumptions made
about the distribution of the random utility componeititere are two ways of thinking about
this distribution: First is from the actual distribution the population, and the other is from
the subjective beliefs about the population. The follovdisgrete choice models are derived
depending on which distribution pertains.

3.3.1.1 The Logit
The logit model is derived when theare independent and identically distributed (iid)

extreme value for all > This assumption means that variances associatedhgith t
component of a random utility expression describing eltelnative in the choice set are

% The t and q subscripts are not employed except whefesbom might arise.
% An extreme value distribution’s pdf is skewed to the bafd its location parametgr is equal to the mode

but different from its mean.
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identical and that these unobserved effects are natlated. When the random terms are iid

extreme value, their distribution in a population isegiby:
f(g,)=e"e*" (26)

and the cumulative distribution is:

_e fq

F(g,)=¢€"° (27)
The cumulative density function of the differenngandom terms is given as:
e(qu_fiq)
Fle,—& ):m (28)

which is a logistic distribution. The most importassumption of the logit framework is that
the random terms are independent of each othespotlvalled Independence from Irrelevant
Alternatives (IIA) property (sometimes known as Red Bus/Blue Bus parado%j. 1A
implies that the ratio of the probabilities of amyo alternatives does not change when the
systematic utilities of other alternatives areadtrced in the choice set - that the probability
of an option being chosen is unaffected by theusioh or omission of other alternatives.
That is:

P:/P. =P/ P° (29)
The superscripts denote before (0) and after ¢lyen alternative being omitted from, or
included into the choice s&/hen this property holds, equation (25), which is:

P,= Prob[&jq < (Eitg +Vitg - Vig) OjA]  t=1,...... T (30)

itg
becomes equation (31) below:

g’

I:)iq Z erq (31)

i

which is a closed-form expression of the logit cegirobability?’ This choice probability
has the desirable properties of probabilities, #hats values fall within the 0-1 range and

choice probabilities for all alternatives sum te@on

% The Red Bus/Blue Bus paradox is explained thus: Suppose an individuidle same probability of using his
car or taking the bus to a given destination, that isaR®(Bus)=1/2. Suppose now that two buses (identical
in all aspects, except color, one red, the other bigedailable and that the individual is indifferent betwe

the two bus colors. That is P(Blue Bus) = P(Red Bus)=dtilEn the only way to maintain the original odds of
using the car vs taking the blue bus would be if P(C4Blaeé bus)=P(Red bus) = 1/3 which contradicts the
earlier odds. The introduction of another alternativenglea the odds of the available alternatives.

2" Derivation of equation (31) from equation (30) is giverapendix 9.
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Vi in equation (24) is the observed portion of utility, uguekpressed as a linear

function of the observed factors in a choice $et i B X, , where k denotes the

k=1
attributes/characteristics in alternativén this specification the coefficients represest th
marginal utilities. Within the logit framework, when tresearcher aims to model choice
based on option characteristics the logit is spetHie a conditional logit which assumes that
preferences are homogenous across individuals and whatsrate the differences in
attributes of the options/ alternatives (individuagd@fic variables do not vary across
alternatives and thus drop out of the utility differemcéhe conditional logit). The
conditional logit thus estimates how alternativeesfievariables affect the likelihood of
observing a given outcom®. (In the multinomial logit the independent variabdestain
individual-specific characteristics). The conditioragit is also known as the fixed-effects
logistic model. The homogeneity assumption of the d¢awdil logit means that the weights
for the attributes do not vary over the population (siheeunit of analysis in conditional
logit models is the alternative-specific charact&sst In real life however, this assumption
is likely not to hold and various methods can be used topocate heterogeneity.

Methods used to estimate the correct utility parametben heterogeneity is
assumed include stratifying the sample into different saggv@nd then estimating separate
parameters for each segment (Holmes and Adamowicz, 2000&jlizing the random
parameter/mixed logit framework where parameters avevedl to vary randomly over
individuals (Hynes and Hanley, 2006 ); or using a latent chesiel (Hynes and Hanley,
2006) or further still, interacting individual specific \arles with alternative specific
variables (Mtimet and Albisu, 2006).

The IIA condition mentioned above is usually testedqutii® Hausman-McFadden
test. In the case where it is violated, where thexesinilarities between the unobservable
attributes over different alternatives, within the sazhoice set more complex methods that
relax the iid assumption, considered next, are neges3trerwise, the logit model may over
or under predict elasticities and marginal rates of dulisth between attributes when the iid

assumption is violate@®

28 |n this study the choice séqat each choice occasion is constant and includealtematives, thus
precluding the necessity to test the iid assumptionfféctehe multinomial logit model in this case reduces to
the multiple binary choice model.
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3.3.1.2 Generalized Extreme Value — The nested logit
The generalized extreme value (GEV) is one of theiidotype of models in which

the unobserved portions of utility for all alternatias jointly distributed as a generalized
extreme-value. The GEV class of models allows varyiagl¢eof correlation in unobserved
factors over alternatives. Alternatives are pari into mutually exclusive subsets, called
nests, such that unobserved factors having the saméatiorréall within the same group
(Train, 2003). The simple GEV models maintain I1A fooes within the same nest, but
may relax it for choices across the nests. The momplex GEV models allow for any
pattern of correlation, fully relaxing the IIA assumpti@nd hence overcoming the
limitations of the logit.

Following Train’s (2003) exposition, let the set of altéesj be partitioned into K
subsets (nests) denotedByfor k=1...K. The utility of decision makeg from choosing

alternativel in nestBy is the same as in the standard logit=V, +& +\{, +& with two

additional terms representing the component of utilityclv is common to all alternatives in
nest k. However now the randaenms have a cumulative distribution given by:

3z

k=1\ j=By

F(&q) = e[ (32)

where the parametglis a measure of independence within a nest (indgahe degree of
substitutability between unobserved utility amohgices in different nests). The probability
of an individual choosing alternativamong alternatives is represented as a closed-form

expression:

A1
Vil ( Z Vil J

0By

P = (33)

q K A-1
Z evjCI 1A
1=1\ jOB,

wherel is an alternative in nedd, ,| # k. As can be ascertained from equation (33) above,

when A, is 1for all nests, there is perfect independenoec@mrelation in the unobserved

component of utility) and the nested model prolizdsl collapse to the standard logit
(equation 31).
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3.3.1.3 The Probit
When the¢ terms are distributed multivariate normal isg~N(0,Q ) the probit

model is derived. The model is not restricted to thesglieption: both heteroskedasticity

and correlations can be accommodated within the proketd€hsity function of; is:

1 -1
—Equ £q

1z © (34)

fle)=——57
(2m)’'?|Q]

And the probability of choosing alternativeverj from equation (30) can be obtained as an
integral over all values of tHg, . Since the choice probability in the probit below is aot
closed-form, estimation is by simulation.

Pa= [1(Vig + &4 >V, +6, Oj2i)f(g,)de, (35)
wherel(.) is an indicator of whether the statement in tleekets is accepted or rejected.
Although the probit allows flexibility in varianand correlation, its limitation is the reliance

on normality. When the unobserved component afyitd not normally distributed, the
probit gives incorrect predictions.

3.3.1.4 The Mixed Logit
When the researcher perceives some componentdidmaatility to be distributed iid

and some other distribution, then a mixed logit tayspecified. That is, the unobserved
factors can be decomposed into a part that isticee value (no correlations, no
heteroskedasticity) and another part where coivelst heteroskedasticity and non-normality
are allowed. This model is also referred to agahedom parameter logit, or mixed
multinomial logit, and is more general than the besause it allows for almost any type of
data and error distributions. Following Train (2pG#nhd using the general representation of
utility,

U = V +& (36)

= ﬁqxiq + ‘giq

whereXjq are observable characteristics gfids not fixed, but allowed to vary across

individuals. That is, thes, parameters are random, having a distribution (aithean and

standard deviation). Then the probability of indival choosing alternativecan be obtained

by estimatind®y over all possible values gf.
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M= [P, (B) f(B)dB (37)

e
= S f(B)dB (38)

Thus in a way, a mixed logit is a weighted averaigine logit formula evaluated at different
values of the parametgr, with the weighs given by the densify3).The distribution on

f( ) can be imposed from subjective beliefs of theareseer about the population.f(iB)

is constant (the parameter is fixed, with zerodsath deviation such that all behavioral
information is captured by the mean) then such daineeduces to the standard logit model
considered above. Other distributions (such as abontinuous, log-normal and so forth)
allow estimation of choice probabilities using slation.

3.3.1.5 Summary Theory of Discrete Choice Models
Discrete choice models assume that decision makexsse alternatives with the

highest utility. The logit framework, the simplescrete choice model, was derived above as
it forms the basis of other formulations. Its emseomputation and interpretation are among
its popular characteristics. However, the assumpifdid limits its wide application. Models
developed to circumvent the assumption of indepecelef irrelevant alternatives that is
violated in many cases include the generalizeceedrvalue type models, the probit and
mixed logit models. The decision of which modedpropriate depends on the underlying
assumptions about the distribution of the unobd#eveomponent of utility. In either

situation, the systematic component of utility isdeled as a function of the attributes of the
alternative, the agent’s attributes, or both.

3.3.2 Welfare Estimation Using Choice Probabilities
The main aim of estimating parameters in a choiodel is to approximate choice

behavior. That is: determining the relative impoceof attributes as chosen by decision
making agents, the trade-offs individuals make betwthese attributes; and the outcome or
benefits from these choice decisions. These tréideand benefits can be obtained from the
choice probabilities estimated from a logit modal @onverted into monetary values using
consumer surplus theory.
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Train (2003) explains how the choice probabilities obthinem equation (31) can
be extended into welfare measurements. Consumer sig@lusonetary measure of the
change in utility that a person obtains in each chsitcation, that is, the welfare gains from
a change in behavior or from a change in attributedtefnatives that individuals prefer. It is
calculated from:

CSy= (Ly,) max(Ug Oj) (39)
wherey, is the marginal utility of income also referred toaascale parametey,, measures

the change in utility that arises from a unit changééncost or price variable, and is

2

The

. . : ” . T
inversely proportional to the variance of the unobskudity, that isg? = v

scale parameter is not identifiable and the ustgdtjze is to arbitrarily set it to a convenient
value such as one (Holmes and Adamowicz, 2003skarh and Morey, 2003). When this
is done the variances of the random componentseattilities are assumed equal. If eath
is distributed iid Extreme Value and utility isdiar in income then expected consumer
surplus can be obtained as:

E(CY) :,ui E[max; (V, +&,, O ]) (40)

q
J
lL[q j=1
whereVjq is systematic utility, C is a constant (referreds the Euler constant = 5.7722),
and the change in consumer surplus or compensatimgtion (CV) that results from a

change in the alternatives (before and after agg@made) is calculated as:

1 v U
CV=AE(C]) =— In{z e ’“J—In[z e’ ] (42)
M, =1 =1
The compensating variation welfare measure in i€r a single choice occasidn,
but can also be used in the case of multiple atams. Then

CV = 1 (vi-VO) (42)
u

The superscripts on the representation of systemaslity denote before (0) and after (1) a
change has been effected. The CS estimate givesribent that individuals are willing to
pay to move from one situation to another. As usetlis study, the compensating variation
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estimates willingness to regain a cleaner environmenbettdr health due to reduced
pesticide use. When applied to the relevant populati@setbstimates translate into welfare
effects or benefits from any program that reduces pessi¢gidthe environment.

The relative importance of attributes in equation (2épiained from the magnitude
of the coefficients and their significance. Likewiseadtribute’s significance in a chosen
alternative is an indication of its importance inhaice decision. Using this information an
implied ranking of characteristics is possible, basedadculation of implicit values. Implicit

values for a characteristic are obtained by dividirggteference parameter by the negative

By
-(8,)

choosing an attribute in one alternative over anatharalso be captured from the choice

of the coefficient on the cost attrib . Moreover the tradeoff individuals make by

probability as the ratio between the two coefficiefitss trade-off is the marginal rate of
substitution between any two attributes and is given by:

v, Jav, _
MRS,= S / o = Bel B (43)

The extent to which a choice probability changes in nespoo a change in some observed
factor can be obtained using elasticity. The elasta@htye choice probability for alternative
I with respect to another observed variable is the pexgerthange in the choice probability
of i that is associated with a one-percentage change balpity of another variable.
_ B X
i Xig axiq Rq

oV,
=%, (L= R,) = BXg(1=Ry) (44)
0%,

when systematic utility is linear in the observablgalges with S, being the coefficient.

3.3.3 Experimental Design: Choice Experiments
According to Batsell and Louviere (1991) analysis of chekygeriments requires

four steps: Designing the formal experiments; estimatiagriodel parameters from data
collected in choice experiments; testing model assemgtand using the estimated models
to forecast choice behavior in real markets. To peimitbest possible inferences to be made
from choice experimental data, planning which observatotakie and how to take them is
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important. One of the biggest challenges in implemeraiogoice experiment is the
determination of combinations of attributes and theirl&viEhere doesn’t seem to be
consensus on how choice sets should be generated.désigas use all possible paired
comparisons of profiles, while others use random pairingadfii@s. A common goal,
however, is to maximize two statistical design propertetsiogonality and balance.
Orthogonality implies that across the design, thebates and attribute levels are
uncorrelated with one another (and hence ensures precofsstimates), and balance
requires that in the final design all levels of theilaites occur with equal frequency. These
statistical design measures must no doubt be considecednbination with non-statistical
measures such as task complexity and realism of choices.

The most common statistical design that also hascaitte statistical properties is the
factorial design, in which each level of each attiebis combined with every level of all
other attributes (Louviere et al., 2000). The outcome ohaptete factorial (also known as
the universe set) guarantees that all attribute effeetmdependent and achieves the highest
guality measured in terms of efficiency. However becdulséactorial combinations grow
exponentially in size and complexity as the numbettobates and attribute levels is
increased, the fractional factorial design (FFD) fmaymore applicable (Louviere et al.,
2000).

A fractional factorial design is one in which only adtion of the treatment
combinations is required. In addition to restricting tbiea$ choices to manageable
proportions, the FFD is based on the statistical coribeptigher-order interactions
although significant, may not all be of interest andseng interpretation problems. Model
variance may be explained by main effects only, andgifssical efficiency is not the only
factor under consideration, a less orthogonal designbmadequate (Alpizar et al., 2001).

In general the design should be large enough to allowashimof the model. Also it
should be small enough to be practical. So the ideabalamce the two issues of
estimability (which prefers larger designs) and practic&ivhich prefers smaller designs)
bearing in mind that the benefits from building a largeber of choice sets may be small
compared to the benefit from a small practical numibehoice sets.

The process of generating choice sets to present taubigsparticipants entailed
determining the following:

* The type of attributes to include
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* Number of attributes
* Level of attributes
« Measurement scale of the attributes, and

* The statistical design to use (combination of attribatestheir levels).

As was mentioned earlier, results from the pretestlided other environmental
categories in Table 3.3 As such only the Ground/Surface water choice expersneete
conducted. In this environmental category, two attributes idignkater, water used for
agriculture (DRINK, AGRIC) at three levels (VerySaelays safe (100%),
NotVerySafe/Sometimes safe (50%), NeverSafe(0%)) anthitd (COST) attribute at 5
levels (Shs. 0, 100, 200, 300, 500) were varied creatifgbangixed-level design. Unlike in
many choice modeling studies where the qualitative attrilareestrictly binary, |1 chose to
vary them over three ordinal levels in order to obtagre information from respondent
choices?® For these attributes and attribute levels, and fdwoice set with two options the
full factorial design containing every possible combinatimided a large set of
(3°x5)x(3?x5) unique (including implausible and dominated) choice sets.

Although such a design achieves perfect orthogonalitybatahce it is impossible to
administer. The PROC PLAN procedure in SAS generateda&ibfe profiles for the
fractional factorial out of which the implausible onesreveliminated. For example, a choice
set that involves water that is considered safe fardmiconsumption, but unsafe for
agricultural crops and animals is implausible and suchlesofiere removedlsing the
remaining profiles all possible pairs of combinations wenestructed. An assumption was
made that no interactions among attributes were presemimain effects only model was
adopted. After elimination of pairs in which one optiorsw&early dominated, a total of 180
feasible options remained. This elimination method is &kihat explained in Louviere et
al., (2000).

2 This substantial reduction in the experimental design (cagésgattributes) is not uncommon. Hanley et al
(1998) set out to conduct a valuation of various categofi@$avest landscape but could effectively value only
a sub-component of it. The original plan for this studyrave been a somewhat ambitious effort and also
probably unrealistic, at least at this level, givenittaitions on time and other resources.

% There may be benefits to increasing the scalejshisicreasing the levels of these attributes. Howeagr
discussed earlier, it comes with increased task complexity
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Table 3.3: Attributes and Attribute Levels for Health and Environmental Categories

Attribute Description Levels
Ground/Surface Water
Quality
Drinking Perception of water as safe for drinking Sémly after treatment, Never
Agricultural Degree to which water is safe for crops| Very (100%), Sometimes (50%),
and farm animals None
Cost The total cost for an individual for each| Shs 0, 100, 200, 300, 500

alternative

Birds/Beneficial Insects
Numbers

Expressed as level of birds/insects
seen/heard on a regular day

Few, Moderate, Many

Cost The total cost for an individual for each| Shs 0, 100, 200, 300, 500
alternative
Aquatic Life
Stock Expressed as level of catch per fishing trip  Low, MegdHigh
Size Expressed as size of catch Small, Medium, Large
Cost The total cost for an individual for each| Shs 0, 100, 200, 300, 500

alternative

To further reduce the number of choice sets to a mahbgleael, the second level of

elimination required weighting the variables and running a dangie analysis. This

procedure involved attaching arbitrary weights to the 3-lattebutes - DRINK and

AGRIC, and the resulting set inspected for dominance. Segpas safety of water for

drinking is regarded times higher than safety of water for agricultural psgs Then a

choice set that involved comparison of two options lmci the level of the DRINK attribute

and AGRIC attribute were almost the same would mostgiiglbe biased towards
respondents choosing the DRINK attribute if the leeéhe COST attribute are not

sufficiently varied. This second-level dominance assesssmas necessary to ensure that

respondents are not presented with poorly matched agtripiions that result in illogical

comparisons. Finally the remaining options were assessaustre the final design is

balanced (each level of each attribute occurs with dtggliency). Both procedures

increased the quality of the design.

One pair was then randomly selected from this feasdtleTfie process was repeated

until the desired number of sixteen 2-option choice watsobtained. The resulting sets were

structured in a table format so as to make assimilatidne information as easy as possible

and then printed (se®&ppendix 10for all choice sets). The sixteen choice sets Jate
checked for design efficiency using PROC OPTEX. The lsigbticiency attainable for this
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number of choice sets using the modified Fedorov procedase9.3%. The final design’s
D-efficiency was 87.2% (se®ppendix 11 for the SAS code that tested the optimality of the
final design)>!

3.3.4 Choice Experimental Data
Data collected was in two sections: answers to clgpiestions and questions on

socioeconomic characteristics. Socio-economic dat@sgpondents such as their age, level
of education, gender, locality, and main source of livelthavas collected (during the post-
experimental auction evaluation. All subjects signedddnsent form). This data is
important to highlight any underlying differences in williegs to pay functions for different
individuals and for estimating the multiple logit mod&sst was added as another attribute
denoting respondents’ willingness to pay to avoid a bad enveotahsituation. Prior to the
study, it had been proposed that to make this study’s paymekiaie more realistic, urban
respondents would be asked to express their payment indéemsncrease in the price of
petrol while rural respondents would be asked to expressidnginent in terms of an
increase in the price of paraffiff. The idea of selecting an appropriate payment vehitte is
find one that is sensitive enough to make subjects thinkt aleiu bidding behavior as
truthfully as possible. In any case, since the adthange’ proposed in this experiment
could not be effected, such a method is not incentivepatibie.

Each respondent was required to evaluate 8 (out of 16)eatiffehoice sets by simply
identifying their preferred option (viewing only one choiceatea time) until all choice sets
were completed® These choice sets were given in a random order so thiigsnts’
responses are not affected by ordering effects. Respsnaka did not complete at least

%1 The modified Fedorov is a procedure used to generatstistity efficient linear choice designs through an

iterative algorithm that maximizes the determinant of ié&X matrix where the X’s are factors (attribute
levels) in a choice design (Zwerina, Huber and Kuhfeld7200

%2 The discussion, first with the agricultural extensioordinator, and then with the pre-test group indicated
that simple statements of monetary value would becserffi. An appropriate payment vehicle in this regard
was hard to select because no single vehicle can raptheestudy area population unlike, say, in the USA
where income taxes can be used. One alternative veak the urban subjects their willingness to accepgea ri
in public transportation (taxi) fares. Concerns witis frayment vehicle were that it would necessarily exclude
those subjects who did not require public transportation ighthose with personal vehicles) or be biased due
to widespread sentiments against the current transggsbeins administration.

3 As discussed above, only the urban sub-sample evaluaiie sets. Also, two 8-member groups in
Kampala sub-sample involved local market traders wheas bf education was not deemed sufficient to
complete the choice task. This reduced the total oliiErchoice responses.
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50% of the choice task had their partial responses droppedtie analysid? The final total
number of responses was 1,056.

Data were entered into a spreadsheet file. Choice damdivided into a number of
blocks, with each block representing an individual cho@msion, and each row within a
block corresponding to an alternative within that choétel$l is the number of choice
occasionsm the number of options amdthe number of cases, thienn rows of data were
necessary. For the 2 alternatives (each with 3 attshuaind 8 choice occasions for each
respondents, the following procedure was used to createtdtheothss: For each respondent,
two rows were created representing option A and optiorhBn eight such rows were
created representing eight choice tasks that each espioiaced. The same was done for all
132 respondents. The finain data set consisted of a balanced panel of 2112 rows of
observations. The data grid combined data from the choistige with the socio-
economic and other information obtained from the popesment evaluation. (Data for all
the analyses is included Appendix 12).

3.3.5 Empirical Specification
As mentioned in 3.3.1 above, and in the following spec¢ifog, participant choice

of an alternative in a choice set is assumed to heeiméed by various factors and it is
important to test which factors are influential. Two maedcifications are tested: the
binary logit and the conditional logit. The significaredehe estimated models is the
justification of the appropriate model to adopt.

3.3.5.1 Multiple logit specification

V, =V (%) i=A, B , t=1...8 (45)
M=;@&

whereXq are the attributes for individual g choosing an altevador eacht.
V, = B,Group, + 8, Edug + B, Gendgr+ B, Aget

B;Salary, + 5, PExp + £, illevef + &, (46)

% It is not uncommon for useable responses from cheiperiments to significantly fall below the total
number of responses. In Hanley et al (1998), the afeesample was reduced from 284 to 181.
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This model assumes that individual's choice of altevaatoverj is based in the
characteristics of the individual and not on the lattes of the alternative, that is, the model
assumes heterogeneity of individuals.

3.3.5.2 Conditional logit (fixed-effects model) specification
The empirical specifications of the utility levels ungieg the conditional logit make

references at the attributes of each choice andamfated as:

k
V= z a\ %
k=1
V, = a,Drink, +a,Agrig, +a,Cosf, +V, (47)

This specification implies that the model to use foineion is one that assumes that

individuals have the same preferences. When k=price,dh&snthe change in utility
associated with a marginal increase in income, andegisters the marginal utility of

money.

3.3.5.3 Estimation of coefficients and model performance
The coefficients in equations (46) and (47) are estimated tise method of

maximum likelihood. The technique involves determining theevalf a, and S, that

maximizes the probability that the sampled respondentsivedidlose the alternative that
they actually chose. The method of maximum likelihoaliasges that the sample in the
model mimics the population.

When the preference parameters are multiplied by tie ¢¢ the corresponding
attributes, the utility associated with that given lefattribute, called part-worth utility is
attained. When the utility function is additively sepagalhen the total preference valuation
of an alternative is the sum of the individual padrth utilities of attributes in the
alternative. For example in (4Y), the utility from alternativé can be aggregated over all
individuals to obtain alternativies overall utility.

The most often used goodness of fit measure with maxinkethbod is the log
likelihood ratio index (LLI), reported as the pseudmRo known as the McFadden’é.R

LL(B)

This ratio is a measure of how well the model perfoand is defined as—rm) where

LL( ,@) is the value of the log likelihood function at trstienated parameters and LL(0) is
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the value of the function without any variables. Thiees of this index range from 0 to 1
with zero indicating that the estimated model is noebéhan no model and is 1 when choice
behavior is perfectly predicted. Although both the pseutari@ B of OLS have the same
range and the value rises when the model is expandedtithendex cannot be interpreted
analogous to 8 A pseudo Rvalue of 1 is highly unlikely in maximum likelihood
estimation because, as noted in 3.3.1, the researcésmdt have enough information to
predict the decision maker’s choice. The likelihoodor&hi-Square tests that at least one of

the variables in the model is not equal to zero. Thesstas calculated by -2(LL(0)-
LL( ,@)). The t-values associated with the parameters segieted in the same way as in

OLS and indicate the statistical significance of tliereged parameters.
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4.0 Results and Discussion
4.1  Introduction

This chapter presents results from thirty five experialeaiction sessions in lganga
and Kampala districts, plus results from one hundredtarig two choice experimental
subjects in Kampala. Section 4.2 is a descriptive summasyding information about the
experimental subjects and variables. The third secticusgs on results from the
experimental auction models, while section 4.4 presextsligousses empirical results from
the discrete choice experiments. Kampala and lganga syllesaane treated as separate
experiments as the variables for the two samplesargimilar. Thus, results in the
following sections are presented for each sub-sampéately.

4.2  Descriptive Analysis
General descriptive statistics such as means, percsrdaagestandard deviations are

presented for the variables included in the model, aBeageency distributions, plots of
data, and comparison of some characteristics.

4.2.1 Urban Sub-sample
The Kampala sample consisted of relatively highly eddcagspondents having

spent an average of sixteen years in school. A tiypsaondent was aged 35 years and
spent about $1 weekly on safe drinking water. The saimgjeneral has had little exposure
to pesticide poisoning or hospitalizations from relatedds and consisted of slightly more
males than females. Table 4.1 presents summary stdtine one hundred and fifty six
respondents.
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Table 4.1: Summary of Kampala Sub-Sample Characteristics

Characteristics Definition (Coding) Percentage
Gender Male (1) 56.12
Female (0) 43.88
Proxy good Groundnut (1) 42.95
Water (0) 57.05
Info Information given (1) 43.59
No information given (0) 56.41
PExp Previous exposure to poisoning (1) 11.54
No pesticide exposure (0) 88.46
Group Group decision making (1) 51.28
Individual decision making (0) 48.72
Hosp Hospitalized in past year (1) 19.23
Not hospitalized in past year (0) 80.77
lllever Been ill in past year (1) 37.82
Not ill in past 12 months (0) 62.18
Occupation Salaried (1) 40.14
Non-Salaried (0) 59.86
Mean (Std. Dev.) Min Max
Education Years completed in school 16.30 10 30
(2.414)
WaterExp Money (Shs.) spent weekly on safe-to- 1,890.7 0 14,000
drink water (2,297.887)
Age in years 35.54 20 59
(8.259)
Amount WTP bid amount (Shs.) 343.968 0 500
(142.87)

The distribution of WTP values is highly skewed to the(kee Fig 4.1), with the
mean willingness to pay to avoid an unfavorable environmsitt@tion (Shs. 343.97)
higher than half the subjects’ endowment. Both the ni8tis. 500) and median (Shs. 500)
WTP values are higher than the average WTP.
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Figure 4.1: Frequency distribution of WTP, Kampala. (Source Bonabana-Wabbi, 2007)

The distribution of bidding behavior between and within grasessessed using the
box-and whisker diagram (Figure 4.2). The box-and-whisker glagshically show the
smallest observation, the lower quartile, the medigpger quartile, and the largest
observation. The median WTP values for people invoiredformation treatments are
equal (at Shs. 400). The medians for other groups are diffeseshown by the horizontal
line within each box. Except for the WTP values fordbeupation variable, the lowest and
highest values as represented by the whiskers in eactpalptthe entire range from 0, to the
total endowment, 500. In the occupation box plot, thheetd WTP amount for the salaried
subjects was Shs.100. Also, the median WTP amount wasshigith people who have had
experience with pesticide poisoning. The difference iniamsdbetween any groupings is
largest with the ‘Group’ treatment. While the differeagn medians between treatments for
Gender, Occupation, Proxy Good are about Shs.100, difesemenedians between the
pesticide poisoning experience, and group are in exce&dssofl00 (20% of disposable

income).
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Figure 4.2: Box-and whisker diagrams of WTP values for categizal variables, Kampala. (Source:

Bonabana-Wabbi, 2007)
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To test whether the groups formed by the categories afdependent variables
(Gender, PExp, PGood, Info, Group, Hospitalized, Salaaezlsimilar, analysis of variance
(ANOVA) is used. The independent variables have an effe¢the dependent variable,
WTP, if the groups within each variable are different.

Analyses of variance for this data set (Table 4.2) sthaivthree variables (Group,
Hosp, Salary) are statistically significant at thghal level of 0.05. Two variables (Gender
and PExp) are marginally significant while PGood and &rfnot significant. Willingness
to pay estimates of subjects involved in the group tredasar different from values in the
individual treatments. Salaried subjects have differenPWalues compared with their non-
salaried counterparts. Also differences exist betweslesrand females’ WTP values. The
other treatments: Information and Proxy Good did not deesignificantly affect bidding
behavior. In general, females, non-salaried subject$herse who participated in group
treatments had lower bid values than males, salariedcssilajed subjects in the ‘individual

treatments.

Table 4.2: Univariate ANOVASs for categorical variables, Kampah

Source SS Df MS F Prob>F

Group Between groups 227477.422 1 227477.422 11.94 0.0007
Within groups 2916007.42 153 19058.872
Total 3143484.84 154 20412.2392

Gender Between groups 64213.2354 1 64213.2354 3.29 0.0717
Within groups 2650910.13 136 19491.9863
Total 2715123.37 137 19818.4188

PEXp Between groups 55962.4441 1 55962.4441 2.77 0.0979
Within groups 3087522.39 153 20179.8849
Total 3143484.84 154 20412.2392

PGood Between groups 14623.9288 1 14623.9288 0.72 0.3991
Within groups 3128860.91 153 20450.0713
Total 3143484.84 154 20412.2392

Info Between groups 6285.68388 1 6285.6838 0.31 0.5806
Within groups 3137199.15 153 20504.5696
Total 3143484.84 154 20412.2392

Hosp Between groups 103711.872 1 103711.872 5.22  0.0237
Within groups 3039772.97 153 19867.7972
Total 3143484.84 154 20412.2392

Salary Between groups 77460.3926 1 77460.3926 3.99 0.0480
Within groups 2407892.98 124 19418.4918
Total 2485353.37 125 19882.827

Note: See Table 4.1 for a definition of the variables
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4.2.2 lganga Sub-sample
Limited information on socio-economic characterist€she rural sub-sample was

obtained. Information such as weekly expenditure onwgafter, occupation (other than
farming), or exposure to pesticide poisoning, no doubt impovaarables, were obtained
only from 26 participants who responded to the post-experievaiation. As such,
analysis of willingness to pay behavior of respondentth® rural sub-sample is somewhat
limited.

The rural sub-sample consisted of 121 respondents. Oagavkyanga respondents
were willing to pay 57% of their endowment to avoid an unfaseranvironmental
situation. The sample also had slightly more men tiamen. The sample’s mean age was
40 years with at least 6 of those years having been spgcitool. About equal numbers
were involved in the three treatment types (PGood, InfoomaGroup). These statistics are
summarized in Table 4.3 below.

Table 4.3: Summary of Iganga Sub-sample

Characteristic  Definition (Coding) Percentage
Gender Male (1) 57.85
Female (0) 42.15
Proxy good Groundnut (1) 50.41
Water (0) 49.59
Info Information given (1) 51.24
No information given (0) 48.76
Group Group decision making (1) 47.11

Individual decision making (0) 52.89
Mean (Std.Dev) Min Max

Education Years spent in school 6.628 1 16
(3.05)
Age Years 40.02 20 70
(10.37)
Amount WTP bid amount (Shs) 286.86 O 500
(135.87)

The distribution of the WTP values is shown in figdrg below. The WTP values for Iganga
were more normally distributed than those for the udaanple. The median category of
WTP is also the mean category (Shs. 201-300).
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Figure 4.3: Frequency distribution of WTP, Iganga. (SourceBonabana-Wabbi, 2007)

Box-and-whisker diagrams for the Iganga data are presanfegliie 4.4. In all
diagrams the median WTP is equal to Shs. 300, a furttigation of the normality of this
distribution. The box plot for proxy good (PGood) shows sudjects involved in water
treatments had their lowest bid at Shs. 100. Other cag¢eguf the sample that had their
lowest WTP bids different from zero (excluding the @ui— represented by dots in the
diagrams) are females, and those who participated upgreatments. These same
categories also had more values confined within a smalkrquartile range than any other
categories. Of the four box plots, the smallest thffiee in dispersion parameters is seen in
the information treatment variable. The lowest WTBdian, lower and upper quartile

values are similar between subjects who were givemm#ton and those without.
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Figure 4.4: Box-and-whisker diagrams for WTP values for categacal variables, Iganga. (Source:
Bonabana-Wabbi, 2007)

One-way analyses of variance indicate that the Graviphe is significant at the 5%
level. The gender variable is significant only at the 1€9él. The other treatment variables
(PGood, Info) are not significant. That is, there aresignificant differences between WTP
values for respondents involved in either categoryeffiloxy good’ or info treatments.
Table 4.4 shows results of ANOVASs.
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Table 4.4: Univariate ANOVASs for categorical variables, lganga

Source SS Df MS F Prob>F
Group Between groups 95969.8791 1 95969.8791 5.39 0.0220
Within groups 2119436.73 119 17810.3927
Total 2215406.61 120 18461.7218
Gender Between groups 51263.7824 1 51263.7824 2.82  0.0958
Within groups 2164142.83 119 18186.0742
Total 2215406.61 120 18461.7218
PGood Between groups 1479.83561 1 1479.83561 0.08 0.7784
Within groups 2213926.78 119 18604.4267
Total 2215406.61 120 18461.7218
Info Between groups 10199.5312 1 10199.5312 0.55 0.4596
Within groups 2205207.08 119 18531.1519
Total 2215406.61 120 18461.7218

Note: See Table 4.3 for a definition of the variables

General results for the rural sub-sample showrtfzdés were willing to pay higher

values than females. Like in the urban sub-sampléengiiess to pay values for respondents

involved in ‘group’ treatments were lower than those é&spondents in individual

treatments.

4.2.3 Conclusions on Urban, Rural Subject Pool and Variables
Variables in the two samples were different and songeoison is made in Table 4.5 based

on the common variables for the rural and urban sulplesmAbout the same proportion of

males (slightly more males than females) took pattiénexperiments in both Kampala and

Iganga. The urban sub-sample was more formally edudsaedhe rural sub-sample and

appeared to be more concerned about their health thamr#h@opulation. That is, farmer’s

willingness to pay to avoid bad health outcomes wasgidian that of non-farmers.

Table 4.5: Summary Comparison of Kampala and Ilganga sample Characistics

Kampala Iganga
Education (Mean years) 16.3 6.6
Age (years) 35.54 40
Gender: Males (% of sub-sample) 57 56
WTP (% of endowment) 68.8 57.4
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4.3 Results of Experimental Auctions
This section presents results of maximum likelihoodvegtions obtained using the

Tobit model for both data sets. The estimation equéBtjis repeated below:

3 7
y, =B+, Treatment, + 3, Socie economje- ,  (48)
m=1 k=1

4.3.1 Kampala Sub-sample
The general-to-specific approach is adopted. Model 1 is theddel including all

hypothesized socio-economic and treatment variablesmbloel is significant at the 1%
level with a log likelihood of -600.359. The LR test for thdl hypothesis that all
coefficients except the intercept are jointly zescsignificant at the1% critical value level.
Using stepwise elimination of variables, an attempt made to have a model with only
socio-economic variables. Model 2 retained three secanomic variables and included one
treatment variable and is significant at the 10% leveld® (3) aimed to include all
treatment variables. However these all being binarydithie number of such variables that
can be included in the model. After dropping insignificamtaldes the final model retained
the Group treatment and two socio-economic variablessasignificant at the 1% level.

Table 4.6: Maximum likelihood estimates of WTP — Kampala

OLS Model 1 Model 2 Model 3
Coeff. Std. Coeff. Std. Error Coeff. Std. Coeff. Std.
Error Error Error
Age -1.4815 1.522 -1.827 1.977 -.3870 1.966 - -
Gender 29.447 25.671 42.899 33.677 - - 47.460 31.968
Educ .885 5.412 1.145 7.060 6476 6.772 - -
PGood -49.682 27.868 -69.82f 36.757 - - - -
Info -14.657 25.734 -25.494 33.599 - - - -
Group -42.831 26.674 -66.551 35.346 -91.3303 33.528 -100.738 32.762
PExp 61.343 38.232 93.393 53.005 - - - -
WaterExp .0091 .00544 .0147 .00743 .01036 .0074 .0108 .00737
Hosp 37.833 29.174 -52.012 37.643 - - - -
Salaried 78.376 27.788 123.118 37.267 - - - -
Constant 360.574 104.99 387706 137.276 399.1323 126.476 376.4491 34.575
R? 1770 - - - - - -
Prob >F .0133 - - - - - -
Log L/hood - -600.3599 -656.8267 -671.054
LR )(2 (df - 27.69 (10) 9.24 (4) 13.38 (3)
Prob > chi2 - 0.0020 0.0553 0.0039
Pseudo-R - .0225 .0070 0.0099
N 156 156 156 156

2 Significant at 1%?¢ Significant at 10% Significant at 20%
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All three models show that the grouping treatment vagi@®toup) was significant
in predicting WTP values. In addition, (at a lower digance level) previous exposure to
pesticide poisoning and weekly water expenditure had antefh WTP. The other variables
and treatments did not show significant relationships WP values. All socio-economic
variables (except gender) were unable to predict bidding behavior

The negative sign on tl@roup variable implies that subjects who participated in the
group treatment were more likely to have lower WTRi@slthan those who participated in
‘self’ treatments. The (weak) positive signWaterExp andPExp variables suggests that
concern about exposure to pesticide poisoning influenced peolpig higher to avoid bad
environmental outcomes. The inclusion of both thesmbi@s was to act as a proxy to
measure how risk averse people are (either in genedaleoto past exposure). Past
experience with pesticide poisoning appears to make peopleavense to taking risks with
their lives. In addition, people who spend on (purchade)daking water are also likely to
pay higher values to avoid pesticides in their environment.

In Model 1 the expected WTP increases by Shs. 0.0146 whenexaenditure
increases by Shs. 1, holding all other variables in th@ehconstant. That is, the more a
person is willing to spend on safe drinking water, the rttwseperson is willing to pay to
avoid a bad environmental situation. In addition, a sadgoerson’s expected WTP was Shs.
123.11 (24.6% of subject endowment) higher than a non-sajaeison, all else being equal.

A general comment on the three models is necessegylngportant to note is the
consistency in signs on coefficients of variable®ssthe models. The coefficient Age
andGroup variables is consistently negative and that orktithec, WaterExp andGender
variables is consistently positive. OLS estimategHerfull model also presented in Table
4.6 have the same directional effect on WTP as maxifiketihood estimates. However, as

expected, they have a downward bias relative to the MLEs.

4.3.2 lganga Sub-sample
Table 4.7 below shows maximum likelihood estimationghode Tobit models for the

Iganga sub-sample. Model 1 (the full model) includeshelitteatment variables and the

available socio-economic variables for this sub-sampl
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Table 4.7: Maximum likelihood estimates of WTP - Iganga

oLS Model 1 Model 2 Model 3
Coeff. Std. Coeff. Std. Coeff. Std. Coeff. Std.
Error Error Error Error
Age 0995 1.181 3219 1.377 278 1.406 - -
Gender 48.283 25.557 67.099 29.485 74.248 30.026 66.0094 29.376
Educ -8.341 4.1803 -10.406 4.847 -9.866 4.941 -10.04% 4.762
PGood 6.6099 24.937 10.488 28.792 - - - -
Info -25.309 24.528 27.7462 28.359 - - 26.761 27.958
Group -55.41% 24.900 -61.769 28.711 - - -63.337 28.234
Constant 345.969 58.016 351.293 67.1% 307.479 63.039 367.833 41.192
R? 0.0988 - - - - - -
Prob > F 0.0606 - - - - - -
Log Likelihood - 672.476 675.242 672.569
LR ¥ (df - 13.40(6) 7.86(3) 13.21(4)
Prob > chi2 - .0372 0.0489 0.0103
Pseudo-R - .0099 0.0058 0.0097
N 121 121 121 121

® significant at 5% Significant at 10%

Again, Model 1 is the full model including all hypothesizedafales for this sub-
sample. In this model three variables are significatiieab% level, and the overall model is
also significant at the same level based on the kedjiood. Model 2 included only socio-
economic attributes of respondents, had a log likelihatd of 7.86 with 3 degrees of
freedom (3 independent variables) and was significahiegd% level. Model 3 had two
socio-economic and treatment variables each and wes sigmificant than either model 1 or
2. Its log likelihood ratio was 13.21 with 4 degrees of freedo

Gender, Education and the Group treatment variables hgdificant effect on
bidding behavior of Iganga respondents. Males had higher WTiesv/dlan females. The
respondents with more formal education were willing tpIpas to avoid bad environmental
outcomes. Subjects who were involved in Group treatmemssmificantly less than those
involved in ‘self’ treatments. Information, good proxy age were not helpful in predicting
WTP. Even after elimination of the Information treatthvariable that was found not to
effect WTP, the gender, education and group variables cewtito exert strong effect on
WTP (Model 3).

Like in the urban sub-sample, the signs of the @oefits were consistent across
models. The Group, Info and Educ. variables retained the sagative sign, while Gender
and Age variables exerted positive effects on WTP a@albsmdels. Also, like in the
Kampala sub-sample the OLS estimates have the saeatiahal effects on WTP as the ML
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estimates but are biased downwards, and the variabiM{TiR explained by the variables
(R?) in the OLS model is low.

4.3.3 Comparison of Kampala and Iganga models
Different variables were available for the Kampala agygahya data and hence the

models are different. From tables 4.6-4.7 several isseespparent. There is a strong
consistency in signs of the significant variables. Gineup variable is significant for both
data sets and carries a strong negative sign in bb&étG&nder variable carries a positive
sign (and large magnitude, although not significant iruthan data set). The coefficient on
thelInfo variable is also consistently negative. The directio theAge variable is mixed,

but is not significant in either sample. In the urbapysationEduc. did not seem to matter,
yet in the rural population more education was assocwmitedsignificantly lower WTP. The
full models (Model 1 in both tables) have higher log itk@bd values (pseudo’R as
expected, since more independent variables in a modehg'explanatory power. The
following section uses these similarities and diffeemnto formally test hypotheses specified
in Chapter One.

4.3.4 Tests of Hypotheses and Discussion of Results
One of the advantages of experimental methods iglitestt control is embedded in

the design. The researcher has the flexibility to aesigexperiment meant to answer a
specific research question and by properly controlling dofaunding factors, the researcher
retains the variables of interest. In this study,dhreatmentsGroup, Info, PGood were
included in the design to examine their effect on biddingeha

In this sub-section the more parsimonious and/or significedels from the
preceding sub-section are used to conduct simple hypothstssand to discuss these
treatment effects. In addition, the effects of twoi@ronomic variableg3ender,
Education) are examined in detail. Thg, value included in Tables 4.8-4.12 is the
calculated student’s t statistic obtained as the odtibe coefficient to its standard error and
is compared with the tabulated t-statistigto determine the critical region for rejection of
the null hypothesis. All hypothesis tests are conductduea®% critical level of significance.
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4.2.4.1 Does free-riding in health and environmental provision exist?
Are there differences in free-riding behavior between urban and rural

populations?

Hy,: B;=0vsH,: 5,<0 (49)

where gis the coefficient on the Group variable. Equation (21) Bables 4.6-4.7 give the
basis for testing whether individuals free-ride or Mxireover, establishing whether rural
groups behave differently from urban groups necessitattsgequation 49 for both data
sets. Equation 49 is a one-sided test and rejectiore oftthwould not only imply that the
‘Group’ variable was significant, but that groups indeed bad WTP on average than

individual-decision making subjects.

Table 4.8: Test of Hypothesis One with Model 3

Kampala Iganga
B, -100.7382 -63.33695
Std. Error 32.76161 28.23376
t, 3.07488 2.24330
Is tcal >ttab yes Yes
Decision RejectH, RejectH,

In both data sets, subjects appeared to bid highest when idvohrelividual decision-
making treatments. When subjects knew that the decigiutd have an effect on
themselves individually and also other members in the grbeap,tended to bid less. This is
an indication of free-riding behavior in a pesticide-fee@ironment provision. Thus, even
when individuals would presumably have preferred a pesticggeeinvironment (proxied by
the goods presented to them), they (individuals) would r&dnee another person ‘paying’

for it.

4.2.4.2 Does providing information matter? How does content informatiome mae
bidding behavior?
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H,: B,=0vsH,: 5,#0 (50)

B, is the coefficienbn the information treatment variable. As mentionechiapter 3,

information is hypothesized to influence bidding behaviothis case, a brief statement of
how pesticides in the air, food and water could affechdns and the environment was
provided to individuals in the ‘info’ treatment. Testing hypexis in equation (50) using
results of Tables 4.6-4.7 show th@fwas not statistically significant in either of theaé
models in Iganga or Kampala data sets. Because of #etidir on this coefficient, had the
variable been significant, the sign would have implied groviding information negatively
influences WTP bids.

Table 4.9: Test of Hypothesis Two with Model 1

Kampala Iganga
B, -25.49357 -27.74552
Std. Error 33.59933 28.35918
t. 0.758752 0.97836
Is tcal >ttab No No
Decision Do not rejecH,, Do not rejectH,

Results of hypothesis testing for information provisiomdbsupport rejecting the null
hypothesis. In these samples, information does not se@rfluence bidding behavior.

4.2.4.3 How do gender differences influence bidding for health improteniee
females more sensitive to a better environment as it relatasitchealth

than males?

H,: B,=0vsH,: §,<0 (51)

Table 4.10: Test of Hypothesis Three with Model 3

Kampala Iganga
B, 47.46042 66.00936
Std. Error 31.96843 29.37632
t, 1.4846 2.2470
st >t NO Yes
Decision Do not rejecH,, RejectH,
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As mentioned above, the coefficient on the gendealili(5, ) is consistently positive in

both samples. Results of the one-sided hypothesisaestonclusive for the Iganga sample.
In this sub-sample willingness to pay values were saamtly higher for males than
females. On average male subjects bid Shs. 69 highereimatefs in Iganga. The Kampala

gender test is marginally inconclusive.

4.2.4.4 What proxy environmental goods solicit the highest bids? Does it matter what
good is used as the environmental proxy? Are people more sensitive to
consuming safe water or safe food?
Hy: B,=0vsH,;: B#0 (51)

where g, is the coefficient on the proxy good variable.

Table 4.11: Test of Hypothesis Four with Model 1

Kampala Iganga
:81 -69.82128 10.48768
Std. Error 36.7574 28.79176
t., 1.8995 0.3643
Is tcal >ttab no No
Decision Do not rejecH,, Do not rejecH,

Hypothesis (51) is a two-sided test. In Kampala, subjeets wiore likely to bid higher
values when the treatment was water. Subjects bid Shs. 8820 avoid consuming
potentially contaminated water than consume potentialiyaominated groundnuts. However
the variances were high making the variable only margisahificant. At the 5% level, the
null hypothesis is accepted for both data sets. The gosslrdii matter. As expected, as long
as an item is to be consumed, what matters is nstétte it is in - whether liquid (water) or

solid (groundnut) but rather its overall safety is whattena.*

% The more liberal one-sided test at the 5% levelgifificance (equivalent to the 2-sided test at the 10% level)
shows that urban subjects significantly revealed a higitederence for safe drinking water compared to safe
groundnuts.
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4.2.4.5 Does formal education matter? How differently do educated individuals
behave when bidding to preserve their environment? Do educated individuals

bid higher than their less formally educated counterparts?
H,: B,=0vsH,: >0 (52)
Accepting the null hypothesis in (52) would imply that ediecefcoefficients;) does not
matter — that educated and less educated individuals bdtesarhe with regard to bidding

for the environment.

Table 4.12: Test of Hypothesis Five with Model 1

Kampala Iganga
B 1.144657 -10.04139
Std. Error 7.060154 4.762479
t, 0.1621 2.1084
Ist,>t, NO Yes
Decision Do not rejecH, RejectH,,

For the Kampala data, the null hypothesis can not betez]. Kampala’s educated and un-
educated behave the same with regards to bidding behavior. Elothewural sub-sample is
different. Education seemed to move against WTP. The foor&l education one had, the

less they were willing to bid to avoid bad environmental stna.

4.2.4.6 Do urban and rural populations differ in their valuation of heatith the

environment?

# MWTR

Kampala

H,:MWTR_ = MWTP (53)

Iganga — Kampala

vs H, :MWTP

lganga
where MWTP is mean willingness to pay. Hypothesis saxaemparison of means from two
independent samples with different sample sizes. Tab&below presents the necessary

statistics required to test the hypothesis in equation (53).
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Table 4.13: Mean and Standard Deviation of Willingness to Pay

WTP
Iganga Kampala
Number of Subjects 121 156
Mean 286.86 343.968
Standard Deviation 135.87 142.87

The t-statistic is obtained as the ratio of theedldhce in sample means to the standard error
of the difference in sample means:

Difference in sample mean
SE of difference in sample me

The t-value of difference is 57.108/16.81 = 3.39%hw corresponding P value of 0.0008,

suggesting that it is extremely unlikely that det#nce in willingness to pay of this

(54)

magnitude would be observed just by chance. Urbbhjests had higher mean willingness to
pay to avoid ill health outcomes than rural sulgect

4.2.4.7 Does previous exposure to the harmful effects afigestinfluence the way
subjects bid to avoid ill outcomes?

The variable PExp was included in the model aoaypto measure people’s risk
aversion based on past experience with pesticid®@pog. For the urban sub-sample where
this information was obtained, the variable wastpeady correlated with WTP. Higher WTP
values were obtained from subjects who had ha@waqurs exposure to pesticide poisoning
possibly as a means for averting further exposndeita effects.

4.3.5 Conclusions of Hypothesis Testing and of Experimental Auain Results
The preceding tests were conducted for both rumclueban sub-samples in order to

establish differences, if any, in bidding behawoross locations. General conclusions are
made below grouped according to whether resultsstnang in both sub-samples, mixed or

unexpected.
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a) Strong in both sub-samples (rural and urban populations do not differ)

In the ‘group’ experimental treatment, each individwéd individually, privately
and voluntarily, which allowed me to test their contribattowards a pesticide-free product.
Results from the hypothesis test show that freegigirhealth and environmental provision
does exist. Free-ridding was more pronounced in the urbangbopulvhere there is a Shs.
100 differential between individual decision-making sulsjestd group decision-making
subjects. In the rural population, this differential ls$3. The later constitutes 12.6%, and
the former, 20% of subjects’ endowment.

Also for both samples, it did not matter what good wasemted as a health and
environmental proxy. Both are apparently considered the sétineegard to their safety.
Results do not show significant differences in bid vale®éen groundnut and water

treatments.

b) Mixed: Rural and urban populations differ.

It is apparent that populations utilize education diffdyenith regard to bidding for
health. Formal education had diverging effects on urbdmraral sub-samples. While formal
education does not seem to influence bidding behavior iartyen population, it had a
strong negative effect on bid values in the rural populaitbthings equal. This is a rather
surprising finding as the a priori expectation was to seesitiyinfluence of education on
health and environmental improvements.

Gender differences do not seem to matter in urban pogndalbut do in rural
populations. Rural males significantly bid higher for Heattprovements than their female
counterparts. This pattern does not exist in the urban pgapu(@t the 5% level). In a public
goods game in rural Uganda using married couples, a simitat was observed by lversen
et al., 2006 where women were less likely to contribmt@ tommon (household) account in
the presence of their spouses. These findings run cdaritex generally believed notion that
males tend to be more individually oriented and unlikelyatlae environmental

improvements (public goods) as much as females (Eckel avsb@an, 1996).
c) Unexpected results in both samples

Information did not seem to significantly influence bmdgibehavior in either rural or
urban populations. People with information about pestidgidse environment and their
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possible effect on health, did not bid significantly eliéntly from those without. Moreover,
the relatively large coefficients (though not signifigaare of concern. In both sub-samples
the effect of information on WTP moves against thecakprediction. Furnishing
individuals with bias-free information about impact of pades should increase awareness
and guide people in formulating perceptions about chemiiesteon humans and the
environment and thereby raise WTP values. The resulsiigicate otherwise.

The above tests form the basis for formulation dicgomplications for the two sub-
samples. Explaining differences and similarities inttihe@ samples is necessary. However,
considering that the two samples were different imseof sampling procedure, policy
recommendations for the more representative (lgandgm$ample may be more reliable. As
always there are tradeoffs to be made when a mongeiri level of statistical significance is
used. Especially for policy formulation and recommendatoless restrictive level may be
more important.

The results of experimental auctions presented inosedtB are interpreted in the
context of human subjects’ willingness to avoid ill ie@autcomes in varying
situations/treatments. What is not considered in thegfuing discussion is subjects’
behavior being innately affected by factors other tham thidingness to avoid
contamination. If subjects interpreted the games @ifidy, or had other reasons for their
bidding behavior (such as mere fascination with the gameisgeor did not understand
their task), one would only hope that those reasons eagteired in the random part of the
model specification. Otherwise, these results coalthterpreted differently.

4.4  Results of Choice Experimentation
In this section, results of both conditional logidamultiple logit models are

presented. The goal is to determine the significancleeoéstimated models using goodness-
of-fit characteristics of the models, and, using maxinikelihood estimates, determine the

direction and magnitude of the utility parameters insystematic component of utility.

4.4.1 Coefficient Estimates of the Conditional Logit Model
Empirical estimation results of equation (47) (repeated s equation 55) are

presented in Table 4.14.
V, =a,Drink +a,Agrig +a,Cost+V, (55)
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Model 1 contains all option-specific estimation variablath the qualitative
variables measured on a 3-level scale as explainedtiors8c3.3. Two categories of each
gualitative variable were created, the omitted categecpiming the comparison category.
Thus the empirical model becomes:

\/i = aDN DNI +aDS DS +aAN AN+aAS A$+aCOST COS (56)
See Table 4.14 for a definition of the variables. The coispaomitted/referent category in
equation (56) is the ‘Always safe /very saf®A, AA) high quality water category. In
models 2 and 3, levels of the qualitative variables areéogwd creating ‘either-or’ choice
situations. For example in model 2, pesticide-contaminaggdr that was considered ‘never
safe’ for either drinking or agricultural use is compargdist that which was ‘not very safe
or very safe’. The omitted category is the ‘not veaye or very safe water’ category. In
model 3, water that was ‘very safe’ is compared agawastvwhich was ‘not very safe or
never safe’. In all specifications the quantitativeiaale is ‘cost’.

Table 4.14: Parameter estimates for the water safety choiegperiment: Conditional Logit

Model 1 Model 2 Model 3
Variables Coef. Coef. Coef.
(Std. Err.) (Std. Err.) (Std. Err.)
Drinking
Never saféDN) -.0246 -.4633 -
(.2516) (.1317)
Sometimes safe/Not very s4f2S) .0511 - -
(.1849)
Always safe/Very safDA) - - .1702
(.1675)
Agricultural
Never saféAN) 9784 .3302 -
(.2833) (.1468)
Sometimes safe/Not very sd#&S) 5292 - -
(.1786)
Always safe/Very safeAA) - - -.4451
(.1359)
Cost(COST) .0017 .0008 .001F
(.0005) (.0002) (.0003)
Log likelihood -707.390 -712.479 -711.504
LR x? (df) 35.28(5) 25.11(3) 27.06(3)
Prob>chi?2 0.0001 .0000 .0000
Pseudo-R .0243 0173 .0187
# of observations 2092 2092 2092
# of iterations 4 3 3

2 significant at 1%° significant at 5%
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All three models were significant at the 1% levelighdicance, and the individual
variables in each model are significant at eitherl&eor 5% level (except in model 1 and 3
where the drinking water qualitative variables are insiggnitt). In addition, the directional
effect of the variables on choice is consistent sedl 3 models.

Some of these results seem to contradict theory. Téigy@o(and highly significant)
coefficient on the cost variable tells us that higtests increase the likelihood of a safe
water sample being preferred. This result implies an upslaping demand curve which is
counterintuitive (however the magnitude of this coeffitisdow). In models 1 and 2, the
positive coefficients on water samples that are neaf for agricultural use is troubling —
people seem to prefer unsafe agricultural water to safpleanT he negative sign on the
unsafe drinking water sample is intuitive — indicatingples preference for water that is
either sometimes safe or always safe compared tevthah is never safe for drinking.
Model 3 seems the least useful in explaining choicewbeha

4.4.2 Welfare Measure of Reduced Pesticides from the Conditi@h Logit Model
Estimation results from the preceding section aregpsrimost useful if used to

estimate the welfare effects to guide policy formulatibime results can be used to estimate
changes in the quality of environmental conditions dfare improvements that might
accrue when pesticides are removed from the environment.

Utility parameters in Table 4.14 are reproduced in Table Z1i& qualitative
attributes are compared with the cost attribute to olmapticit prices of the variables and
provide a basis for ranking the variables in order of ingmme from the individuals’
perspective (see 3.3.2). Welfare measures using the coatllogit results are calculated
and presented in Table 4.15.

Model 1 results show that people value agricultural w@er quality and medium
quality), followed by not-very-safe (medium quality) diimi water. Unsafe (low safety
level) drinking water is the least preferred. While ladjitates that water that is unsafe for
consumption be valued least, it is surprising that peoplddymlace much value on water
that is sometimes safe for agricultural uses compar#utht required for drinking. Results of
model 2 are more intuitive. It can be seen that tledficeent with the highest magnitude is
low quality (never-safe) drinking water. The (un)safetgiafking water decreases people’s
utility more than either increased costs or increasst@msafety for agricultural use. This
essentially means that people are more likely to didamsafe drinking water than safe

89



agricultural water. In model 2 the positive MWTP valueigates that subjects were willing
to pay over Shs. 900 to move (upgrade) from low quality drinkiaggmto medium-to-high
quality drinking water. Likewise the negative sign of 660.4caiks the people were willing
to pay about Shs. 660 to switch from medium or high qualitgw quality (unsafe)
agricultural water.

The general conclusion that can be made across alllsnaald ables 4.13 and 4.14)
is that people preferred unsafe agricultural water, batgisferred safe drinking water and
at higher costs.

Table 4.15: Marginal Willingness to Pay and Implied Rankings

Water Use/  Safety/Quality Level Coeff. Value Implied Implicit

Category ranking  prices/
MWTP
(Shs)
Drinking Sometimes/Medium o .0511 3 -30.06 Model 1
Agricultural Sometimes/Medium g, 5292 2 -311.29
Drinking Never/Low lo NN -.0246 4 14.47
Agricultural Never/Low a 9784 1 -575.53
Cost cost .0017
Drinking Never/Low o -.4633 1 926.6 Model 2
Agricultural Never/Low a .3302 2 -660.4
Cost ost .0005

" calculated aw, /(-a_.4), MWTP = Marginal willingness to pay

4.4.3 Multiple Binary Logit Models
This sub-section reports results from estimationsufipte binary logits. Each

choice occasion is treated as a time period. Underistatite differences in water attributes
(safety levels/water quality levels and cost) is keyriderstanding the trade-offs people
made between the two water samples at each chatasion. With unlabeled experiments,
such as this, analyzing the decisions of respondentsse time periods requires
considering each choice decision as a subset of goteuitinary choice decision making
setting. Model (22) is repeated here for ease of referdie operational model is equation
(58)
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Uie>Ujq =1....8, G=i,j=(A B) (57)

V, = B,Group, + 8, Edug + B, Gendgr+ B, Aget

B;Salary, + 5, PExp + 3, illevey (58)

4.4.3.1 Description of Choice Occasions (t=1, ..., 8)
Each respondent made a choice decision at each clomigsian. In choice occasion

1, water samples A and B were differentiated onlenmts of the agricultural water quality
and cost. Subject’s choice of option A over option Bwaa indication of their preference for
free, low quality (unsafe) agricultural water over notyv&aife (medium quality) water at a
cost of Shs. 300.

In choice occasion 2 (and 3), choice of option A [seference for unsafe
agricultural water at a cost of Shs.100 (and mediumygafetium quality, free agricultural
water) over safe agricultural water at a cost of S86. Choice of option A in choice
occasion 4 (and 7) is a preference for unsafe water sarapEShs. 200 over unsafe drinking
water at Shs. 300 (and not very safe drinking water at3®@. In choice occasion 5 (and 6)
choice of option A is a preference between safe wgteples at Shs. 300 (Shs. 500) over
not very safe drinking water (never safe drinking waterhoice occasion 8 choice of
option A implied preference for safe agricultural wgtgra medium cost of Shs. 200)

compared to free medium quality (medium safety) agtical water.

4.4.3.2 Coefficient Estimates
The same approach is employed to obtain the mulyglie éstimates as was

employed in the conditional logit model. Stepwise etation of insignificant variables is
performed. That is, model 1 in Tables 4.16 and 4.17 belowiosrdh individual-specific

variables. After elimination of highly insignificant vahles from Model 1, Model 2 obtains.
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It is important to note the general consistency in soidriBe coefficients in the full
and restricted models (models 1 and 2) of each choicsioacdn addition the significant
variables in the full models retain their effecte trestricted models. A general comment
can be made that the significance of individual variaipléke choice data is low. Models for
choice occasion 1, 2, 4 and 8 have individual significanabkes at the 5% level. Some
goodness-of-fit measures for the parsimonious models (r2p@eé¢ presented in Table 4.18.
The variables in models for choice occasion 3, 5-7 madelgointly not significant at the
5%level. The pseudo®Rtatistic of the significant models ranges from 0.0410L6332.

The dependent variable in all these models is the respisbaerary choice of a
water sample of given attributes (explained in the ghagesection). The following
discussion pertains to the more parsimonious modekin eaoice occasion. In choice
occasion 1 the variabRExp had an effect on preference of a water sample. €higtris
consistent with risk averse behavior. Respondents whbdwa previously exposed to
pesticide poisoning were more likely to prefer a safeewsample (at a cost) in option B
than a free but unsafe water sample in option A. Therandividual-specific variables were
not important predictors of choice of a water sample.

In choice occasion 2 the gender variable was signifi@adtnegative indicating that
males were more likely to prefer a more expensive vataple with high agricultural
guality than an unsafe sample at Shs.100. This restdnisistent with the experimental
auction results which depicted males as having highengiigéss to pay for better health
than females in general. In choice occasion 4 onlgtheation Educ) variable was
significant at the 5% level. The more education one thedless likely they preferred option
A (with medium safety levels for both agriculturabadrinking water, at a cost of Shs 200)
over option B (safe agricultural water at a costld.$00). The negative coefficient on the
‘illever’ variable in choice occasion 8 suggests that respondédnatdrad had an episode of
iliness in the past year were more inclined to preféibo® (safe agricultural water at a cost
of 200) than option A (free medium quality agricultural @atThis result runs counter to
expectations. Experience with past illnesses is expgéotmduce risk averse behavior such
that subjects would want to avoid further exposure by piefethe safer water sample, even

for agricultural use.
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4.4.4 Conclusions from Choice Experimental Models
It is apparent that the conditional and logit modelsewert properly suited to this

data, perhaps due to specification bias. Goodness of fit nesasdicated that not much
variation in the observed behavior was predicted bytthibutes in the models. All models
converged after a few iterations — an indication délimprovement between the model
with, and one without the predicto¥sAlthough interpretation of the pseudd Ratistic in
maximum likelihood is different from that in OLS, theodness-of fit measure for these
three models seems rather low. Logit models with exetg good fit have pseudc? i the
0.2-0.4 range. The range in these models was 0.017 — 0.024.

The table below is a summary of conditional loggules (Models 1-3 in Table 4.14)
and provides a check on the validity for these restilts.second column shows the a priori
expected results, while column three gives model redthis last column is the validity

check.

Table 4.19: Validity Check for Choice Data Results

Water Use /Category Expected Observed Validity check
Drinking
Never safe/Sometimes safe laoy | > laps | laoy | < laps | No (1)
Never safe ag, <0 ag, <0 Yes (2)
Sometimes safe/Not very safe ays <0 ays >0 No 3)
Always safe/Very safe a, >0 a,, >0 Yes (4)
Agricultural
Never safe a, <0 a, >0 No (5)
Sometimes safe a,<0 Q>0 No (6)
Cost aCOST < O aCOST > O No (7)

3¢ Maximum likelihood, an iterative process, starts ouh\aih approximated starting value of what the logit
coefficients should be and determines the directionsaedof the change in logit coefficients which will
increase the log likelihood, and the process continngsthere are very small improvements in the log
likelihood.
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Internal validity for these results is low. Manytbé results reported in Table 4.19
seem to contradict theory. Six out of eight validihecks (as given by magnitude and sign)
of coefficients are theoretically incorrect. Whilasitexpected that high quality water (water
at high safety levels) be preferred, that is, thattlore ‘safe’ water is said to be, the more
likely people will prefer it, some of the results iretabove table show the opposite. A
comparison of water samples showed that subjects ware likely to prefer the ‘unsafe’
samples for agriculture.

The only plausible explanation for the inconsisteincthe results for ‘agricultural
water qualities’ is the urban nature of the samplend is willing to make the statement that
urban subjects have less preference for agriculturarveaid are hence more likely to
discount it compared to drinking water, then results oditg check (5 and 6) in Table 4.19
can be intuitive. A comparison between results fohmice experiments and results from
experimental auctions (equation 51) shows that urban ssl@ealed higher preference for
safe drinking water (at the 10% level) compared to Igangaferprece for safe groundnuts.
(See also footnote 21).

The other inconsistencies in the Table 4.19 (results 1d 3)rare of concern. Result
7 suggests an upward sloped demand curve, while result 3 suggéegsaple would prefer
medium-quality drinking water to high-quality drinking watkr Result 1, the absolute
difference in the coefficients suggests that subject®diged medium quality drinking
water more than low quality drinking water. However, sitfus is what the choice data is
telling us, we can probably try to understand the mechahateésulted in these results.
Based on this background, several explanations are poasiblean be categorized as

follows:

a) Possible problematic issues prior to the design stage (Tdrg)

The most likely possible reason, that subjects consldéeshypothetical nature of
the choice experiment, should have been averted bydoersee of the experiments. As was
mentioned previously, experimental auctions preceded eadteatxperimental session for
all groups. The auction sessions were incentive compatibleviah this reasoning (even
when unbeknownst to the researcher), could have carriedmtlee choice experiments as
subjects performed the subsequent choice tasks. With #satmieg, situational involvement
would be maintained. If subjects did not carry the au@ssion effects over to the choice
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experiments, then the level of involvement would be démd subjects could intentionally act
irrational in their choices considering the inceniiveompatibility of the choice
experiments.

A possible source is simply, irrationality. Could itthat the irrationality that was
observed during pre-testing (where subjects chose obvidastinated alternatives) also
transferred to the urban subjects in another form dune@ttual experiment (where
subjects chose obviously irrational alternatives)fAdiiiduals do not act in their self-
interest, then values from all choice experimentsideed all models that employ the
random utility framework become flawed.

However these two potential sources of inconsisterfofesubject irrationality and
hypothetical survey nature) can not be restricted onlptemarket valuation. In market
valuation, subjects are also assumed to act in thdiiriesest when choosing one market
good over the other. To behave otherwise invalidates utiégsure based on these
assumptions.

The functional form of the systematic component dityiin equation (24) is
generally assumed to be linear in parameters, addit@#ributes. This assumption was not
tested against the data. Perhaps a non-linear relatiqrestigons with the attributes in this
data and the observable choice, necessitating a mongexonon-linear functional form.

b) Possible problematic issues at the design stage

At the design stage, the range of cost values that sugigested as the payment
vehicle is the most probable explanation for the inisb@scies. It is probable that the
[0,500] range was restrictive in which case subjects’valgation at each choice occasion
was not properly represented. This was indicated bykiweeness of the WTP values for
Kampala, but not Iganga. When the value of the paymentlgediancentives in an
experiment is considered trivial, it manifests as afloiosse (Friedman and Cassar, 2004). It
is important to note that the range of cost valuesamaged at after discussion with the pre-
test group which comprised only Ilganga subjects. Howewerutial subgroup did not
evaluate the choice set (except during the pretest). Whitgs assumed that Iganga values
would translate well to the Kampala subjects, thesdtsesuggest they did not. A separate
pilot study is required for each separate location (Leravet al., 2000). It seems likely that
Shs. 500 means a lot more to someone in Iganga thasmipdla.
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In addition, the selection of a limited number ofibtttes and attribute levels may
have over simplified the experiment to the extent th@duced the power of the experiment
to predict choice behavior. In my view the dividing linévixeen a simple and a complex
experimental design is thin (see also footnote 30).

When individuals are presented with alternatives trenat satisfactory to them,
they have an option to express it — by choosing nome €ight two-option choice sets that
were presented to subjects might have been inadequate doduadsone’ option was
unavailable (non exhaustive choice sets). This omissioifd have triggered ‘protest’
reasoning in subjects such that they tended to behatienaby given that the ‘freedom’ to
choose the fall back option was unavailable. By omittieg'none-of-these’ option, subjects
might have been put in a position of “forced choiceheasing an option in a situation
where they would not have chosen one (Holmes and Adarno2003).

Another possibility is that there was not sufficidifference between alternatives
presented to subjects (even when the statistical desidityquas relatively high at 83.1%)
such that, at the individual level, substitutability déatatives was stochastic. When
respondents are faced with alternatives that seertasitmithem, they may become
indecisive and choose one over the other not based ®yst®ynatic evaluation of the
attributes of the alternatives, but based purely onaghaihis choice behavior negates the
use of the multinomial logit framework which is basedlmnassumption of deterministic
choice behavior from the individual's perspective, and stdghastic from the researcher’s
perspective.

The assumption on which the logit framework is basedtthe unobserved
component of utility (the errors) are distributed iidrerte value was not tested. Perhaps the
distribution was not iid, in which case models sucthadHeteroskedastic extreme value,
random parameters) were appropriate. If the error disioib in the data is different from the
error distribution underlying the model used to analyze theg tlsis constitutes specification
bias. In future work with this data, formal procedures agaired to test the assumptions.

c) Problematic issues at the implementation stage

Perhaps the results could be blamed on complexity ostigects were unfamiliar
with the valuation exercise that they were being asgebtform. The post experiment
discussion with subjects revealed that none had evecipatéd in a valuation exercise akin
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to this. The unfamiliarity with the procedure could have d&adfluence on the observed
results. Or perhaps respondents were fatigued, considbangltchoice experiments were
conducted after the experimental auctions. Fatigue haskoesvn to affect the cognitive
ability of individuals in surveys resulting in inconsidteibserved behavior (DeShazo and
Fermo, 2002).

Also, there might be tradeoffs to be made when sabpthie subject pool. Perhaps
the subject pool may have had an influence. Respondent fetuittly comprised adult
professionals (teachers, traders, rotarians, business pessglarchers, bankers, retail
shoppers etc), and as Huck (2007 pp. 23) notes, professionatsanéuse abstract
situations with reality” hence providing inconsistent fisstsome authors note that student
subjects often readily comply with the experimenternfed scientific-do-gooders) and may
direct results towards the experimenter’s expected m@cdhis perhaps explains why most
lab experimental auctions have, as their subject pamlest respondents.
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5.0 Recommendations and Conclusions
5.1 Introduction

This chapter summarizes the study and gives policy imugitsand
recommendations for future research. Section 5.2 protheesummary of objectives of the
research and the motivation for this study. Sectiond3l3ummarize methods and results
while sections 5.5-5.6 presents limitations/ challengesraptications for further research,
and concludes the dissertation.

5.2  Summary of Research Objectives
Chemical use in agriculture is still prevalent in magyicultural systems despite

evidence of both health and environmental risk associatbdresticide exposure. The risk
posed by pesticides has generated much concern leadirgpttcofarming and integrated
pest management practices increasingly being promoted.

Valuing the contribution that reduced pesticide use maklesalith and environment
improvement is a complex task and explains why this subglimited research. The
complexity of the situation comes about because botkhhaadl the environment are not
resources or services that can be traded on the mawkeisasuch valuing their
improvements requires non-market valuation proceduresiditiean the large number of
potential factors to consider in a health and environmshidly is daunting and most studies
are reduced to considering only sub-components of the subject

Most previous methods that value improvements in the @mvient due to reduced
pesticide use have stated the benefits in qualitativesteExpressing benefits in monetary
terms is a convenient means of expressing the relativess/that society places on
environmental improvement. Monetary expressions of valoeige a generally acceptable
method of comparison of programs and acts as a bagslioy formulation. Quantitative
measures such as contingent valuation, environmental irgpatent (EIQ) and cost of
illness (COI) have been used in the past. However nidkese measures have been found
inadequate especially for developing countries. For exatiheleost of illness measure is
invalidated in places where many illnesses go unreportecEl@neasure assumes that
formulations of pesticides/chemicals are known and fixedielveloping countries where
adulteration and crude chemical concoctions (espea@tlye time of application) are

common, this measure is not viable.
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The most promising methods used in valuing benefits or mepnents in health and
environment involve experimental procedures. Experimenttiads in economics allow
researchers to observe economic behavior of agemtsdpila a controlled setting for the
purpose of testing a hypothesis, or validating a theaopd? design of the experimental
‘environment’ is crucial. The focus of this research veasmploy these experimental
methods to establish benefits that accrue from pestigdeaeduction. In particular, the
methods were used to establish tradeoffs and compromigple peake when:

)] They choose one environmental attribute over another;

i) They choose to avoid ill-health outcomes due to pdstici

In developed countries there is a heightened awarenéss pbtential benefits from
a clean environment. The situation in the developing wadgt be no different and it was of
interest to know how and to what extent the developindda@lued their environment.

Chapter 2 provided a review of literature regarding the subjepesticide use; types
and effects; and methods of valuation of goods includingthaatl the environment. Finally

methods of eliciting value information were discussed.

5.3  Summary of Methods
This study used primary data collected through two experiteetdods. The first —

experimental auction, an incentive compatible proceduredesigned to obtain peoples’
preferences for good health expressed as willingness/tbyp@vealed preference methods.
Agents bid to avoid bad health and environmental outconegsitnation/environment that
mimics real-world scenarios where subjects ‘live’ vittk outcome of their actions. The link
between the decision makers’ behavior and the outcormenaatained by having subjects
witness the outcome (consequences) of their valuakios other method — choice
experimentation/choice modeling — involved designing choitsecfeenvironmental
attributes and having agents make repeated tradeoffs orathésates. The method is based
on two assumptions: (i) that the value of an environalegood is composed of
characteristics of the good; (ii) that subjects are goddgs of how well off they are in any
given situation, and (i) that they can make ratiatadices, choosing alternatives they
prefer over alternatives they forego. Generally @ssumed that human self interest and
rational choice direct people’s actions based on howhreatisfaction their choices bring
compared to alternative choices.
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Respondents for these experiments, unlike in most expetatrg.iction studies,
comprised adult non-student subjects: (i) drawn randomig &digh groundnut-producing
district, and (ii) from a self-selected sample iregion of high groundnut consumption. The
first sub-sample, the farmer group, was hypothesizedu® ingerests in the use of pesticides
(to control pests and boost production), while the urbarsample was hypothesized to
have health concerns with pesticides in the environni¢ two sub-samples were expected
to value health and the environment differently.

In both experimental procedures, the method of ordileast squares was deemed
inappropriate and analysis required adoption of maximumHiked estimation. In the
experimental auctions the range of the dependent vaMéble had a mixture of discrete and
continuous properties. In the choice experiments the depéwrariable (choice of an
alternative in a choice set) was limited to the {0, X}dvy range. In both cases the dependent
variable was not continuous or unbounded and OLS would yietediastimates.

5.4  Summary of Results
Attainment of wants is constrained by many factorsuitiolg budgetary constraints.

For the poor, this budgetary constraint is even more praeakifimiting the choices people
can make to satisfy these wants. What happens in aw&sepeople are endowed, and then
given the opportunity to make the same choices? How alolgetilize the ‘extra’ income
when making decisions to avoid health deterioration dyetential pesticide
contamination? Results in this study showed a wide rahgatcomes: They varied by
location and by treatment.

Results were compared across the rural-urban dividel &uwlaurban populations
differed in their bidding behavior towards improvementsaaltih and the environment,
hence validating the need to treat the two populatiodsffasent entities, at least in some
aspects. However, strongly across both locationstheastendency to ‘prefer’ external
intervention with provision of health and environmentad@or hat is, in these experimental
auctions, each individual acted individually, privately antlintarily, allowing me to test
their health and environmental good contributions behaRResults indicated that the free
riding phenomenon in environmental good provision was preders participation in a
good cause is limited. This implies that any environmentalkovement programs may
require more than relying on collective effort frordividuals. Left on their own, self
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interested agents do not become involved in ventureshidgaaperceive can be provided for
by others in the community. This phenomenon was trudhre urban than rural setting.

Each subject in these experimental auctions had onethe ekperiment and made
decisions individually and anonymously (that is, inexpexel subjects with incomplete
information). This anonymous setting absolves any pewmeptf scrutiny of the agent by
the experimenter, thereby approximating the natural envirohimevhich subjects normally
make their behavioral decisions. Such a procedure’ssesan be generalized from the
sample to the general population, hence achieving parallelism

Section 4.3 presented other determinants of willingnegaydor improved health
(avoidance of pesticide contaminated food and wates) Mdgables that influenced bids
were information, education, gender differences, and otiomp®&oth information and
education attainment depressed willingness to pay values miies and salaried
respondents in general had higher bids.

Results of choice experiments were presented in settb Urban subjects value
high quality/safe drinking water. The higher the cost wh#er sample the more likely that
people preferred it to the less costly alternative. &eisubjects thought that more
expensive water samples are safer. Some inconsisteveiesioted from the choice
behavioral data. Urban subjects seemed to obtain Ieghldy from high quality (very safe)
agricultural water. In addition, these subjects discalintedium quality drinking water
much more than they discounted low quality (unsafe) drinkiater. These results were un-
anticipated and represented either illogical choice beha¥irespondents or flaws in the
empirical model.

The use of choice experiments in valuing environmentalargments seems to be
limited because of its complexity in terms of selecapgropriate environmental attributes
for valuation. Other stated preference methods are knowe equally limited by a number
of problems, the most challenging of which is the validr reliability of results from these
methods. When respondents are asked hypothetical quesboms bias becomes inevitable
and makes it hard to draw inferences from the data. Tamtiripated results from the
choice experiments question the minimum number of @aens (and other factors
mentioned in section 4.4.4) that are required for meanimgfielences to be drawn from

choice behavior.
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5.5 Limitations and Implications for Further Research
One of the factors limiting the use of experimentalhods in valuing both health

and environmental benefits is the assumption that itdals have an understanding of the
contributions that these environmental amenities/categonake to their well-being.
Individuals are assumed to be the best judges of theim@llirbeing and know how each
component in the system they are valuing affects thelirbeing. When this assumption
fails then valuations using these methods become flaemmple are also presumed to have
well-defined preferences over non-market goods and serWicdse case of market goods
and services, these preferences are well-defined and aesseghin terms of demand for the
goods and services. If the same does not hold true for adketrgoods, then valuation of
non-market goods using the assumption about well-definedr@nees becomes invalid. In
this study it is assumed that subjects’ bid values aresatdnanslation of their willingness to
avoid contamination. If this assumption is violated (ibathat something else was going on
in the subjects minds), then the results would have toterpreted in light of the
assumption violation. A test of transitivity of subjeqgtreferences is necessary. If subjects’
preferences are intransitive with market goods, thenrtiey be expected to be intransitive
with non-market goods too.

As was mentioned before, the concept of compensatin@usuwp which these
valuation methods is based is constrained by individuademes. Consequently
individuals’ choices amongst alternatives are constdaiti¢he distribution of income is
skewed then welfare estimates based on WTP would balbfase way to circumvent this
problem in valuation studies is to endow subjects withxadfincome’ which is then
interpreted as disposable income and WTP valuations efidogils is interpreted against the
background of this endowment. However, the amount of ‘fisedme’ subjects receive is
crucial in interpreting their behavior. Unrealisticdtyyv or high disposable income may
result in violation of the non-satiety condition @seed in these experiments. Future research
with these methods may require higher endowments fdrigfier income population than
the rural areas.

One of the major challenges faced in the analysthoice experimental data was
due to the unlabeled nature of the choice sets. Choiceimgmts in which the alternatives
do not have a specific name or label are referred to asaledabr generic choice
experiments (Louviere et al., 2000; Hensher et al., 2005)ylstandy each respondent was
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presented with eight choice tasks in which respondeatsdichoose either option A or B.
Option A and B were alternative water samples, eatthavprice attribute and varying levels
of water safety. However the attributes in eitheiaptvere not specific to being in option A
or B. These alternatives are referred to as genecmuse the alternatives have no specific
name or label, unlike alternative-specific options whabels can be attached to the
alternatives.

In labeled choice experiments, the label is the olgechoice, interpretation of
choice behavior is straightforward (because the lagelficonveys information about the
alternative). Agents either choose one label oother (for example, choosing to take a
train, or walk to work as a mode of transportation) aAsxample, suppose a study is
designed to value people’s preferences for a shopping tipujects had to choose
between attributes in say Walmart and attributes inafttfor choice amongst say modes of
transport “walk, or train” or brands of a product). Alteives are created pertaining to each
of the shopping trips and subjects would be required toateltheir preference between
“Walmart” and “Kmart” at each choice occasion basedhenattributes within each option,
as opposed to a choice merely between A or B.

The preference parameters in generic choice expegnoarthe other hand are
interpreted in terms of their effect on the probabifyespondents’ choice between option
“A” and option “B” or choice between “forest pairs’e@s Hanley et al., 1998), or between
“bottle types” (Mtimet and Albisu, 2006), rather thanitledfect on the probability of
choosing say, “Walmart”. It is perhaps because ofl#laks of ease in interpretation that most
studies in the literature on discrete choice experigakte the easier route and use the non-
generic experiments (the alternative-specific choigegments), and in so-doing, bypass
the challenges faced in analysis and interpretationredrgeutility parameters.

Discrete choice methods were originally designed faketaesearch, and these
methods are well developed in the marketing literature.ule of these methods in
environmental valuation requires some adjustment (md@®f definition of attributes and
classification of choice alternatives) to make thagpropriate for a given environmental
situation, which may not be the easy route. Perhapshitiee options could be labeled
‘Bottled water” vs “tap water” or “organic groundnuts” v®fwentionally produced
groundnuts”. The practice of labeling in environmental vadumatio doubt eases the analysis
but may result in distorted responses when subjectshattare weight to the label than the
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attributes it represents. Whether to use labeled or eleldichoice alternatives is a challenge
facing choice modelers in environmental economics. Thetipeain experimental economics
with auctions has been to state options in neutral datbavords (Friedman and Sunder,
1994).

The other challenge with my choice experimental proceslis that no base
alternative (status quo) was provided for in the chom®asions against which to compare
other alternatives. Most choice experimental studhelside a status quo alternative (current
practice) against which the general results are compatech is particularly useful for
policy formulation. In future work, inclusion of a staiyso alternative may be necessary.

With regards to experimental auction results, the skeswoiethe WTP data for the
Kampala sub-sample is troubling, and invokes skepticisrmwiterpreting results from the
Tobit model. Non-normality in the data limits the usedss of the t-statistic measure of
significance. Modeling skewed data using models that assom@&lity is one way of
obtaining biased estimates. The Tobit model assumes npasfibuted errors. Data from
the urban sub-sample fails the skewness-kurtosisTiestcural data set on the other hand,
has its distributional features closely related with phe-test data with a normal distribution.
However, the normality assumption is often relaxeslifficiently large samples. As a rule
of thumb, at least 30 observations are sufficient. lferrzative might be to employ non-

parametric estimation techniques.

5.6  Policy Recommendations and Conclusions
Among the strong results from this study was the maaties of free riding in

public goods provision, differences in rural and urban samgtiiriy behavior, and
differences in bidding behavior due to income differentés. first of these suggests
government intervention may be necessary if one isgarsprovement in both health and
environmental provision. If the problems associated withigpess in the environment and
their probable effects on humans are to be addressiadceson the individuals directly
concerned will not be sufficient and a concerted etibg ‘third party’ may be necessary — a
typical public goods problem.

Differences in willingness to pay values between udnahrural populations suggest
that programs should be tailored to suit different loceti Rural populations are less willing
to pay to avoid ill-health outcomes and also, since timeirof work exposes them more to
pesticides than the urban population, are more prone totdt®ontamination. Perhaps the
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rural population feels that it is their obligation togyevided with a clean environment, or
they generally do not care as much about their heattreavironment, or they perceive the
concentration levels in the pesticides to be too Iswacause them any damage, or indeed as
one rural respondent mentioned: “I have been subjectégse themicals for a long time.

But look at me, | am still healthy”. Such reasoningyidespread in the rural population, is

an indication that rural people may be discounting theéulheavily, that to them, what
matters is their immediate survival. In any case thaltunban differences in WTP suggest
that any health and environment improvement programs mayeedjfierent interventions

for the different regions.

Perhaps the most important explanation for differemcésdding behavior for health
and environmental improvement can best be attributed toatiffes in income, rather than
differences in non-economic issues (recall that infdion treatments and education had no
significant positive effect on willingness to pay). Tigh willingness to pay to avoid
contamination that higher income (salaried and urbangstsbhad is an indication that
increased incomes induce health and environmental awaré&sessonomic development
increases and people’s incomes increase, the demanavicoremental quality by Ugandans
can be expected to rise. People may devote some oirttieiased income to improving
their health and their environment, and protection of ahtesources.

Inference made from results from both choice experisnantl experimental auctions
varied. Knowledge of this variation is important whetepting to compare or combine
results from the two methods. One practice that iseatly on the increase is to combine
revealed preference and stated preference results to gredatior. When results from
either set of data are either inaccurate or doulttfalcombination becomes inappropriate. In
the current study, even with the same individuals, andwle ‘goods’ being valued were
identical, different methods yielded diverging resultgygesting that they should not be
combined.

In the strictest sense that choice experiments gaagironmental improvements and
experimental auctions valued health improvements, thedao obtain choice experimental
data from rural respondents precludes the testing of whetban populations care more
about their environment than the rural populations. Howew¥terences existed between
salaried and non-salaried respondents and with the gosgivelation this variable has with
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incomes, results from the experimental auctions cantbepreted as higher income
populations care more about a cleaner environment thamémme populations.

There may not be as clear a distinction betweenltthead the environment” as
presented in this study. There shouldn’t be. The two coemisrare inter-related. One needs
a good environment to support human health, and somsulifpert activities of humans may
be put at risk when the environment is overly degraded. BEmaeatal valuation requires
creating a link between changes in the environment and leyatfect health, and then

estimating how these changes in health are reflectédria values.
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Appendices

Appendix 1: Pretest Procedures and Findings

a) Step-by-Step Pretest Procedures

1.

2.

ok

8.

9.

Participants for the pre-tests arrived at Waibuga suistgcheadquarters and got
seated.

The coordinator introduced the researcher (JacklineBamma-Wabbi) and the
research assistant (Basil Mugonola) as a team frokeMee University Faculty of
Agriculture. We then addressed all the participants addhbelm we were there to
learn from them through their actions on a simpli&.tas

Participants were divided into two groups of eight individaald all were asked to
move out of the room as ‘we prepare the experimertal la

The first 8 farmers were the ‘no information wateatment’ group

For the water treatments, two hundred and fifty miltieng of water were poured into
two identical clear plastic cups labeled A and B. Wptarred in cup labeled A was
bottled water purchased in supermarkets. Water poured in ewgs Brdinary tap
water. For the groundnut treatments, it was impossibddtain certified pesticide-
free groundnuts for sample A. One eighth kilo of rodgtes-packaged groundnuts
purchased from retail shops were presented, having bededaband B.

Appendix Table 1: Pretest (Information, Proxy good) Treatments
No-Information given | Information given
Water Farmers 1-8 Farmers 9-16
(Session One) (Session Two)
Groundnuts Farmers 1-8 Farmers 9-16
(Session Three) (Session Four)

The first session participants were told to get seataddask which had the two
samples, a bidding sheet, a khaki envelope with Shs. 500 endbwantka pen.

. The experiment instructions were read to the particgpant then they were given an

opportunity to ask questions for clarification before biddstarted. Bidding followed
then-th price auction.

At the end of the trial, participants who had bid amola#s than the binding amount
were then told to consume B.

Session one participants were then asked to wait outvitke the next session was
being run, after which they would be let in again to rusiseshree.

10. After the four sessions were run, all participantsengathered back into the room

and presented with the 5 choice sets below. Usingridtechoice set as an example,
the researcher explained what she expected subjectsdo tthe four remaining sets.
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Appendix Table 2: Pretest Choice Sets

A B No. 1

DRINKING Never safe for drinking Not Very safe for drinking

AGRICULTURAL Very safe for crops and animals Very safe for crops and animals

PRICE YOU WOULD PAY

Tick either Aor B
A B No. 2

DRINKING Never safe for drinking Never safe for drinking

AGRICULTURAL Not Very safe for crops and animals Never safe for crops and animals

PRICE YOU WOULD PAY 100 200

Tick either Aor B 8/6
A B No. 3

DRINKING Not Very safe for drinking Never safe for drinking

AGRICULTURAL Not Very safe for crops and animals Never safe for crops and animals

PRICE YOU WOULD PAY 100 0

Tick either Aor B 9/7
A B No. 4

DRINKING Not Very safe for drinking Very safe for drinking

AGRICULTURAL Never safe for crops and animals Never safe for crops and animals

PRICE YOU WOULD PAY 500 500

Tick either Aor B 6/9
A B No. 5

DRINKING Very safe for drinking Very safe for drinking

AGRICULTURAL Very safe for crops and animals Not Very safe for crops and animals

PRICE YOU WOULD PAY 0 0

Tick either Aor B 10/5

11. After all choice sets were gathered, participants wagaged in a focus group
discussion as the researcher recorded their resp&tadisipants were asked:

a. What they understood the sessions were asking them to do.

b. To explain their reasons for bidding the way they did duilegsessions.

c. If they thought the set-up of the experimental proceduegs @lear: the 100

shilling coins provided in envelopes, the ‘classroom’ sgttihe goods
provided and the set of instructions.
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d. What they thought about the ranges of values and le¥elsaracteristics they
had answered, and to consider a situation where othexsvahd ranges were
included.

e. To give suggestions as to how differently the sessionsl ¢@mve been done.

f. To give their general views on pesticides in the environmen

g. Ifthey had ever participated in any session similar tatwhey had done that
day.

12. Participants were paid a full day’s per diem allowaaicéhe end.

b) Pre-Test Findings and suggestions for actual experiments

13. Participants believed that the two samples A and tBe@tame good were different. |
had earlier been concerned that participants would hievbehat the two samples
were different since the contents were the samefatrand color) and were
packaged exactly the same.

14.They also believed that sample B was contaminatede™as hesitancy when the
experiment ended and those participants who had bid loaeithle binding amount
had to consume the unit B — an indication that when asiogntaminated and this
information is known, people tend to avoid consuminghtad previously been
concerned that participants wouldn't believe that | cpu@/ide a unit of a
potentially contaminated good and expect them to consumeas one member of
the committee said, that if subjects believed theareber to be benevolent, they
would anticipate the ‘contaminated’ products to not reallgd@aminated. Had this
been the case, | would have observed very low bidsaeaibtreatments, and no
hesitancy to consume Unit B at the end of the trial.

15. Another concern was that since | had briefly commateid the nature of research to
the coordinator/mobilizer, he might offer that informatto the participants as he
mobilizes them and consequently bias their responseway.aAs such in the actual
experiment, | planned on including a question in the posti@wan session as to
whether a participant had knowledge of why he/she was infatetie day's session.
Farmers revealed that they had been invited to ‘atteigddasthool’. Others said
they did not know why they had been invited.

16.The form of the good provided also mattered. People were wmilling to consume
potentially contaminated groundnuts than water. At the étitkcsession when those
who had bid low values had to consume Unit B, there wasradre hesitancy when
the treatment was ‘Water’ than when the treatmeat \@roundnuts’.

17.Some people were not confident enough to write down valgzstaough they knew
what they wanted to bid. Some were asking too many questichsthat the
experimenter had to be very tactical not to revealghgose’ of the experiment and
bias subjects while trying to answer their queries. In theahsessions a decision
was made to read the entire set of instructions twtizde group more than once.
Also the example (iAppendix 4) was written on large manila charts and pinned up
for all to see).

18.Bid values span the entire range of the spectrum. Ttheénd seem to be any
clustering around the lower end (at 0) or at the high(ah500). This indicated to me
that the endowment was sufficient.
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19. Some reasons they gave for bidding the way they bid varied

a. One person who bid zero mentioned that he has neveralffeeted by
chemicals. He said that he believes chemicals usagricultural production
are very diluted as to cause any health problems to éis lif

b. Another person mentioned that he would have to spend muchiihhe ate
the potentially contaminated product and had to go to hasdidbid his total
endowment.

c. Another mentioned that he was educated enough to knovotlgdod health,
one requires to spend on it. He also bid the maximum

d. One person mentioned that he has always consumed aoatedstuff but
that he has never had any health problems. He bid 300 deethah retain
200 for his lunch but said he could have easily bid zero.

20.1In the final design, it was decided to inform session stbjhat a ‘lunch allowance’
was prepared for each and everyone who took part in sis@seprior to the start of
the session. This was done so that the above reasoresg'dmfluence bid amounts.

21. Although there were roughly equal numbers of females anesmaalthe pretests,
most responses in 18 above were given by males. Fyribiging was necessary to
obtain responses from females. It was then decideditliae final design, each
person would be given an opportunity to express their vievwgMyg them their
separate post-bidding evaluation fotm.

22.0f the four sets participants were given to evaluatejsaber 2, 4, 5 were
implausible combinations. The last column of Appendix &&shows the number of
times one option was chosen over the other.

Group one binding amount: Shs. 400 Group two binding amohst:350
Group One: Water, No Info Group Two: Water, Info
500 500 500 500 500
@ 400 ] [ ]
2 — 2 L n
wn
= 300 300 = 300 300 300
s S 250
o
E E 200 200
2 100 100 ||| H H
LA |
Gl1 Gl-2 GI3 Gl4 Gl-5 Gl6 Gl7 Gl8 G2l G22 G23 G2-4 G25 G26 G2-7 G2-8
Participant ID Participant ID

37 As it turns out, this didn’t help much. Post evaluatiesponses could only be obtained from 26 respondents
of the Iganga sample.
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Group three binding amount: Shs. 300 Group four binding am8tst:450

Group Three: Groundnut, No Info Group Four: Groundnut, Info

—
»
<
w
=
-
=
Bl
o
£
<
=
[aa]

Bid Amount (Shs)

G31 G32 G3-3 G3-4 G35 G3-6 G3-7 G3-8 G4l G4-2 G4-3 G44 G45 G4-6 GAT GA4-8
Participant ID Participant ID
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Appendix 2: Urban Subjects Recruitment Noticé®>°

Invitation to Participate

Participants are hereby sought to participate in a researcitudy designed to explore
how people make decisions in a complex dynamic setting.

This study will take place in the Faculty of Agriculture @mputer room at Makerere
University. Sessions will last approximately 45-50 minutes ea@nd participants will be
allowed to participate in only one session.

Responses will be anonymous and the information gained in thigssearch will be kept
confidential.

Limited slots are available, so if you are interested, pleasall the number below. Your
time will be compensated for.

For more information, please contact:

Mrs. Jackline Bonabana-Wabbi
0774-899799

% Twenty five of these announcements were posted aroungiadartGarden city mall, Makerere University,
Game supermarket, Bukoto, Kabalagala trading centettss ganction of Kampala Road and Luwum streets
and at the National Theatre)

%9 The mention of sessions being carried out in a ‘compaten’ could explain the low voluntary turn-up. The
computer room at Makerere University had only beerrveddor the sessions for its convenience (tables,
chairs, location, accessibility, secluded atmospleerd)not for the computers in there. This oversight might

have influenced the low number of volunteers. On the ditwed, a number of other reasons could be blamed

for this low turn-out. For example the announcement digrmemtion the amount of compensation that
participants would get.
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Appendix 3: Sample Selection and Treatments in lganga and Kanafa

Iganga (121) Info (62) No Info(59)
Water (60) Group (34) 8 26
Individual (26) 18 8
Groundnuts (61)  Group (26) 18 8
Individual (35) 18 17
Kampala (156) Info (68) No Info (88
Water (89) Group (41) 16 25
Individual (48) 24 24
Groundnuts (67)  Group (39) 23 16
Individual (28) 5 23
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Appendix 4: Individual Decision-Making Treatment: Groundnuts and Water

=

No gpkwbd

© ®

10.

11.

12.

13.

Important:  While you are here no communication between yoursélnd any
member of this group is allowed

On the desk in front of you there is an envelope anaitteats which has been given
to you which at a later time you will open.

On that desk also there are two ‘units’ of a good.

Unit A is from a trusted source and is free from anyipiegt contamination.

Unit B is from a pesticide-contaminated source and could pasticide residue.

Your task in this session is to decide how much of wbathave been given (in the
envelope) you wish to pay me so that you do not have to cenunit B.

You will write down this amount in the space provided lma gheet of paper.

You will write your identification code (not your name) the space provided at the
top of the paper.

One of us will come around and note the amount you Wwaen.

At the end | will arrange the amounts from all oluym order from the highest to
lowest.

| have here a 6-sided die. | will roll it after arramgithe amounts you wrote. The
number that comes up will be the ‘rank’ of the bids areamount it corresponds
with will be ‘binding’ amount.

| will then identify those of you who chose to writenx@unts higher and those who
chose to write amounts lower than this binding amount.

For those of you who will have chosen an amount higjiean the binding amount, |
will collect the binding amount and remove both Units Ad&B. You will not
consume Unit B.

For those of you who will have chosen an amount equairtless than the binding
amount, | will collect Unit A and leave Unit B. You wdbnsume Unit B and will not
be required to pay what you wrote down.

As an example, suppose that in the session you chgsgytan amount and wrote it down.
Also suppose that the amounts of all the other partitspaere collected and put in a table
as below.

Example

ID Code Amount

S814 2300

S960 1100

S203 0

S395 4500

S427 5100

S051 0

S582 3400

S198 2000

S724 2500

S639 3300

S941 1600

S436 900
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Suppose that after arranging all the amounts the regyitsared as in the table below. Also,
suppose that after rolling the die, the number ‘4’ turnsTinen by our decision rule, 3,300
would be the binding amount.

ID Code Amount | Rank

S427 5100 1
S395 4500 2
S582 3400 3
S639 3300 4
S724 2500 5
S814 2300 6
S198 2000 7
S941 1600 8
S960 1100 9
S436 900 10
S203 0 11
S051 0 12

If you had chosen 1,600 you would have chosen an amount tbare,300. So you would
have to consume Unit B.

If you had chosen 3,400 you would have chosen an amountrgiteate3,300 and therefore
you would not have to consume Unit B.

Now, let us see if you understood:

» Suppose you had chosen the amount of S436, what would happen?

» Suppose you had chosen the amount of S582, what would happen?
Is everyone clear on how the experiment works? Befugeexperiment starts, if you have
any questions, please raise your hand and | will comeuodesk. Remember that while you
are here no communication between yourself and anybereof this group is allowed (or
you will be disqualified).

Now if there are no questions, take a minute to think abduhe amount you are willing
to pay

Bidding Sheet: Individual Decision Making
(For Both the information and no-information treatments)
Identification Code:
Amount you are endowed with Shs.
Amount you are willing to pay Shs.
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Appendix 5: Brief Information (information treatment only):

a) Water
Chemicals used in agriculture may end up in the air andhgated, may end up on food and
get ingested by humans, or may come in contact with 3kiase chemicals may also be
washed into rivers, wells, and other water supply soui2gsking such water can cause
human health problems that may require health care expemseat those conditions. Thus
costs may be involved when the water you drink is comtai®d with pesticides.

b) Groundnuts
Chemicals used in agriculture may end up in the air and bateh may be washed into
rivers, wells, and other water supply sources, or mayiecan contact with skin. These
chemicals may also remain on the sprayed food and geft@théy humans. Consuming
such food can cause humans health problems that mayedwpalth care expenses to treat
those conditions. Thus costs may be involved when theé yoo consume is contaminated
with pesticides.

¢) Amaadhi (Water translated in Lusoga)
Eidhagala lyetukozesa mu kulima lisobola okufuumukma mpewo gyetwiisa, oba lyaajya
ku mmere gyetulya, oba lyaajya ku mibiri gyaiffe. EidHadmo lisobola okukulungusibwa
amaadi me lyaajya munsulo edhivaamu amaadhi getunywa. Okuayweadhi gano
kisobola okutulwaaza kyaatweetaagisa okujya mu malwaalokwedhandhabisa.
Nolwensonga eyo, wabaawo okukosebwa bwetunywa amaadi inga g@alhagala lino.

d) Amaidho (Groundnuts translated in Lusoga)
Eidhagala lyetukozesa mu kulima lisobola okufuumukira mu mpgxeotwiisa, oba lisobola
okukulungusibwa amaadhi me lyaajya munsulo edhivaamu amaadhigafwha lyaajya
ku mibiri gyaiffe. Lino eidhagala lisobola okusigala ku mengyetulya. Okulya emmere eno
kisobola okutulwaaza kyaatweetaagisa okujya mu malwaawedhandhabisa.
Nolwensonga eyo, wabaawo okukosebwa bwetulya emmere eiithagala lino.
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Appendix 6: Post-Experiment Evaluation:

Identification Code:
These questions will now ask you to state the reafsorchoosing the values that you chose
to write down.

Amount you chose to pay above

1. You could have chosen any other amount but you thought and deled the
amount above.Why did you choose that specific amount that you chBeage
explain clearly)

2. Did you feel that you knew what you were doing? Did yal li&e you understood
the experiment?

3. Have you been involved in this type of experiment before?
4. What is the commonest form in which you consume grous@nut
5. How often do you consume groundnuts in the following foimasweek?

Form Frequency
Boiled
Paste
Roasted
Sauce
Raw

How many times a week do you drink bottled water?

On average how much do you spend on drinking water per week?
When preparing groundnuts for eating what steps do you takkettem of foreign
matter before you consume them?

© N o

Pre-Consumption preparation | Tick if
applicable

Washing only

Boiling

Roasting

Other (please specify)

9. What are the sources of your household income (name them)

10.What portion of your monthly income do you use to purchase ¢omps?
11.What are the main food-crops consumed?

12.What are your main sources of drinking water

13.How do you normally make water ready for drinking?
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Water

Nothing

Decanting

Chemical purifiers
Boiling

Other (please specify)

14.How many times have you been hospitalized in the lastyear? Circle the one
option that best represents your answer: Never 1-Htifil-20 times More

15.How many times during the past one year have you fdllérat you did not work
because you were feeling ill? Never 1-10 times 11-20 timdere

16.How many times during the past one year has anyone inhgusehold fallen ill?
Never 1-10 times 11-20 times More

17.Have you or a relative ever been hospitalized fromigpés poisoning? If so, please
explain

The next set of questions will ask about your characteristsc
Age Years
Gender
What is the number of years you have completed inad@ho

PwnpE

What are your general views about pesticides in the envirdnfweite as much as
you can)

Thank You for Your Responses
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Appendix 7: Group Decision-Making Treatment: Groundnuts andWater

Important:  While you are here no communication between yoursélnd
any member of this group is allowed

. At the desk in front of you there are two ‘units’ of a good
. Unit Ais from a trusted source and is free from anyipielst contamination.
. Unit B is from a pesticide-contaminated source and could pasticide residue.

. Your task in this session is to decide how much moneywjityypay so that you do
not have to consume Unit B.

. On your desk you will find three envelopes marked diffeyer@ne is marked with
letter ‘P’, another is marked with letter ‘G’

. Another envelope marked with letter ‘E’ contains theoamt you will use to make
your payments.

. Amounts you place in ‘P’ will benefit only you. Amowsnyou place in ‘G’ will be
added with the amounts your group members put in their envelapgesd ‘G’.

. The total amounts in envelopes marked ‘G’ will be markethasamount the group
as a whole is willing to pay to avoid consuming Unit B.

. | have here a 6-sided die. | will roll it after adding tp@up total from the ‘G’
envelopes. The number that comes up will be the ‘binding'uarm

10. Take a minute now to make your decisions.

11.You will place what you have chosen as your ‘private’ amonto envelope marked

‘P’ and place the group amount in envelope marked ‘G’.

12.Then you will write your identification code (not youame) at the top of the

envelope marked ‘G’.

13.0ne of us will come around and collect the envelope Y&u will remain with

envelope ‘P’ and emptied envelope ‘E’.

14.The amounts in envelope ‘G’ will be arranged in descendmugr and a binding

average will be determined by rolling a die.

15.The value (Y) of avoiding consuming Unit B as a group wél dbtained by

multiplying the binding average by the number of group members.
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16.If your group contributions are below Y, you walll have to consume the good Unit
B regardless of the amount you will have put in your envelBpand regardless of
the amount you individually placed in envelope marked ‘G’.

As an example, suppose that in the session you chgsgytan amount and placed that
amount in envelope marked ‘G’ putting the rest in your envelmpeked ‘P’. Also
suppose that the amounts in envelopes marked ‘G’ fronoth#r participants were
collected and put in a table as below.

Example
ID Code Amount
S814 2300
S960 1100
S203 0
S395 4500
S427 5100
S051 0
S582 3400
S198 2000
S724 2500
S639 3300
S941 1600
S436 900

Suppose that after arranging all the amounts from higbdewest, the results appeared
as in the table below. Also, suppose that after rotlegdie, the number 4 turns up. Then
by our decision rule 3,300 would be the binding average.

ID Code Amount | Rank

S427 5100 1
S395 4500 2
S582 3400 3
S639 3300 4
S724 2500 5
S814 2300 6
S198 2000 7
S941 1600 8
S960 1100 9
S436 900 10
S203 0 11
S051 0 12

This binding average would then be multiplied by the nunddegroup members to
obtain the binding total. ie 3300 x 12 = 39600

If the group contributions are less than this binding totailllonly remove Unit A and
the whole group would have to consume Unit B.
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If the group contributions are greater than this bindind totéll come and remove both
Unit A and Unit B. The whole group would not have to consuiwnit B.

Now, let us see if you understood:

Suppose, using our example above, that the group contrisutiere 17,500 and the
binding total was 39,600 what would happen to the whole group?

Suppose, using our example above, that the group contrisutiere 40,250 and the
binding total was 39,600 what would happen to the whole group?

Is everyone clear on how the experiment works? Beffloeeexperiment starts, if you
have any questions, please raise your hand and | wik ¢orpour desk.

Remember that while you are here no communication betyeéself and any member
of this group is allowed (or you will be disqualified).

Now if you have no further questions, you are ready gnbd ake a minute now to
make your decisions.

131



Appendix 8: Consent Form

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Informed Consent for Participants
in Research Projects Involving Human Subjects

Title of Project: Health and Environmental Benefitfkefduced Pesticide Use
Investigators: Dr. George W. Norton, Mrs. Jackline Bamab\Wabbi

|.  Purpose of this Research
This study aims to establish the value that people pla¢ker health and environment. The
total number of subjects will be two hundred and fiftyheigbtained from a self-selected
sample of adult males and females in Kampala and Iganga.

Il.  Procedures

Valuation will be obtained from people’s willingnesspay to avoid bad environmental
situations.

lll. Risks
No risks are involved in this experiment.

IV. Benefits
No promise or guarantee of benefits have been madeta@ge you to participate.
Benefits to you will come from knowing that you havetjggrated in a study aimed to find
out how people value their health and environment.

V. Extent of Anonymity and Confidentiality
You will be assigned a random code which you will usedentification instead of your
names. Responses will remain anonymous and study redultswe way be related to
participants individually. It is possible that the Indiibnal Review Board (IRB) may view
this study’s collected data for auditing purposes. The IRBsgonsible for the oversight of
the protection of human subjects involved in research.

VI. Compensation

You will receive an amount of money equivalent to theaye per capita daily income as
compensation for participating in this study.
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VII. Subject’s Responsibilities
| voluntarily agree to participate in this study.
VIIl. Subject’s Permission
| have read the Consent Form and conditions of this studve had all my questions

answered. | hereby acknowledge the above and give mytaojuronsent:

Subject signature: Date:

Should | have any pertinent questions about this reseait$iconduct, and research
subjects’ rights, and whom to contact in the evert ifsearch-related injury to the subject, |
may contact:

Mrs. J. Bonabana-Wabbi 540-231-2983/jbonaban@vt.edu
Dr. George W. Norton 540-231-7731/gnorton@vt.edu
Investigators Telephone/e-mail

Dr. Dan B. Taylor 540-231-5032/taylord@vt.edu
Faculty Advisor Telephone/e-mail

Dr. Kevin J. Boyle 540-231-2907/kjboyle @vt.edu
Dept Reviewer/Dept Head Telephone/e-mail
David M. Moore 540-231-4991/moored@vt.edu
Chair, Virginia Tech Institutional Review Telephoneteil

Board for the Protection of Human Subjects
Office of Research Compliance

1880 Pratt Drive, Suite 2006 (0497)
Blacksburg, VA 24061
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Appendix 9: Derivation of Logit Probabilities from the iid Extreme Value Distribution
Assumption (Kuminoff, 2007; and Train, 2003).
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Appendix 10: Choice Questions

In the choice card below, varying levels of water ladtiés (safety and cost) are listed. The

choices are provided in tabular form. We are intexkst knowing which set of qualities you

would prefer.

As an example, in the choice set (number 8) below

Assuming that the following scenarios were available:

. Choice A involves water you consider never safe for lmuoeasumption

(drinking) due to pesticide contamination, but is very safdarm animals, and

the price you would pay for it is Shs. 200.

. Choice B involves water that, due to pesticide contananatiou consider

never safe for drinking, and is not very safe for adpucal crops and animals,

but costs you nothing.

. Which option would you prefer? Tick the option you choose

Choice set # 8

A

B

DRINKING

Never safe for drinking

Never safe for drinking

AGRICULTURAL

Very safe for crops and animals

Not very safe for crops and animals

PRICE YOU WOULD PAY 200 0
PLEASE CHOOSE ONLY ONE
Choice set # 1
A B

DRINKING

Never safe for drinking

Never safe for drinking

AGRICULTURAL

Never safe for crops and animals

Not very safe for crops and animals

PRICE YOU WOULD PAY 0 300
PLEASE CHOOSE ONLY ONE
Choice set # 2
A B

DRINKING

Never safe for drinking

Never safe for drinking

AGRICULTURAL

Never safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY

100

500

PLEASE CHOOSE ONLY ONE
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Choice set # 3

A

B

DRINKING

Never safe for drinking

Never safe for drinking

AGRICULTURAL

Not very safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY 0 500
PLEASE CHOOSE ONLY ONE
Choice set # 4
A B

DRINKING

Not Very safe for drinking

Never safe for drinking

AGRICULTURAL

Not very safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY 200 300
PLEASE CHOOSE ONLY ONE
Choice set# 5
A B

DRINKING

Very safe for drinking

Not very safe for drinking

AGRICULTURAL

Very safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY 300 100
PLEASE CHOOSE ONLY ONE
Choice set # 6
A B

DRINKING

Very safe for drinking

Never safe for drinking

AGRICULTURAL

Very safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY 500 100
PLEASE CHOOSE ONLY ONE
Choice set # 7
A B

DRINKING

Not very safe for drinking

Not very for drinking

AGRICULTURAL

Not very safe for crops and animals

Very safe for crops and animals

PRICE YOU WOULD PAY

200

500

PLEASE CHOOSE ONLY ONE
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Appendix 11: Test of Design Optimality SAS code

proc plan ordered;

factors drink=3 agric=3 cost=5/noprint;
out put out =can

drink nval s=(0 to 100 by 50)

agric nval s=(0 to 100 by 50)

cost nvals=(1 to 5);

proc print data=can;

dat a preset;

i nput drink agric cost;

dat al i nes;

001
002
0 50 1
0 100
0 100
0 100
50 50
0 100
50 50
0 100
0 50 4
50 50 3

50 100 4

100 100 5

100 100 1

100 100 4

50 100 3

50 100 1

50 100 2

50 50 2

50 50 5

50 50 4

50 1

100 3

100 1

50 2

50 3

100 5

05

100 100 3

50 100 5

0 50 2;

proc optex data=can;

class drink agric cost;

nodel drink agric cost;
generate n=32 augnent =preset;
out put out=trial 8;

proc print data=trial 8;

run;

proc optex data=can;

class drink agric cost;

nodel drink agric cost;
generate n=32 net hod=m f eder ov;
out put out=trial9;

proc print data=trial9;

GORWWNNDA

[cNolNoloNoNoNo)
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run;
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Appendix 12: Data (See attached files)

The experimental auction data file for Kampala (au&l@pdf) contains 18 variables and
156 observations. The qualitative variables (gender, tezdtwariables, occupation,
hospitalization, illnesses and pesticide exposure)@tedon a 0,1 binary scale. (See Table
4.1 for a definition of the variables. Four quantitatieeiables (age, education, willingness
to pay amount and weekly water expenditure) are recordedigx

The experimental auction data for lganga (auctionigangacpdfpins 7 variables and 121
observations including four qualitative variables (genderxypgmod, group, info) coded on
a 0,1 scale and three quantitative variables (WTP, edocatic age).

Data for the choice experiments is contained in @uzta.pdf. The file contains 29 variables
and 2112 observations. In addition to the qualitative and gataveitvariables from the
auction data, the dataset contains responses on 8 tashsefor each of 132 individuals.
Two water category qualitative variables each at ttiéerent levels are included. These are
converted into a 0,1 scale (creating 3 variables e8dfition of the variables is given in
Tables 4.1 and 4.14.

139



	(Abstract)
	Dedication
	Acknowledgement
	Table of Contents
	List of Tables
	List of Figures
	1.0 Introduction
	1.1 Problem Statement
	1.2 Justification
	1.3 The Pesticide Situation in the Study Area
	1.4 Objectives
	1.5 Hypotheses
	1.6 Contributions of Study
	1.7 Summary of Methods
	1.8 Organization of Dissertation

	2.0 Background
	2.1 Types and Classification of Pesticides
	2.2 Impacts of Pesticides on the Environment
	2.2.1 Ground- and surface water quality
	2.2.2 Birds and Beneficial insects
	2.2.3 Aquatic life
	2.2.4 Humans and other mammals
	2.2.5 Conclusion on Impact of Pesticides

	2.3 Economic Value and Valuation Methods
	2.3.1 Private and Public Goods; Use and non-use Values
	2.3.2 Value Elicitation
	2.3.3 Revealed Preference Methods
	2.3.4 Stated Preference Methods

	2.4 Experimental Methods
	2.4.1 Experimental Auctions
	2.4.2 Choice Experiments

	2.5 Field Experiments in Developing Countries
	2.6 Conclusion: Valuing Health and Environmental Benefits using Experiments

	3.0 Methods
	3.1 The Sample and Testing Conditions
	3.1.1 Pre-testing
	3.1.2 Sample Selection and Study Area
	3.1.3 Sampling Differences

	3.2 Experimental Procedures I: Game Experiments and Experimental Auctions
	3.2.1 Experimental Design: The ‘Goods’ Experiment
	3.2.2 Individual Decision Making
	3.2.3 Group Decision Making
	3.2.4 Field Procedures
	3.2.5 Theoretical Framework
	3.2.6 Empirical Specification
	3.2.7 Summary of Theory on Experimental Auctions

	3.3 Experimental Procedures II: Choice Experiments
	3.3.1 The Random Utility Model
	3.3.2 Welfare Estimation Using Choice Probabilities
	3.3.3 Experimental Design: Choice Experiments
	3.3.4 Choice Experimental Data
	3.3.5 Empirical Specification


	4.0 Results and Discussion
	4.1 Introduction
	4.2 Descriptive Analysis
	4.2.1 Urban Sub-sample
	4.2.2 Iganga Sub-sample
	4.2.3 Conclusions on Urban, Rural Subject Pool and Variables

	4.3 Results of Experimental Auctions
	4.3.1 Kampala Sub-sample
	4.3.2 Iganga Sub-sample
	4.3.3 Comparison of Kampala and Iganga models
	4.3.4 Tests of Hypotheses and Discussion of Results
	4.3.5 Conclusions of Hypothesis Testing and of Experimental Auction Results

	4.4 Results of Choice Experimentation
	4.4.1 Coefficient Estimates of the Conditional Logit Model
	4.4.2 Welfare Measure of Reduced Pesticides from the Conditional Logit Model
	4.4.3 Multiple Binary Logit Models
	4.4.4 Conclusions from Choice Experimental Models


	5.0 Recommendations and Conclusions
	5.1 Introduction
	5.2 Summary of Research Objectives
	5.3 Summary of Methods
	5.4 Summary of Results
	5.5 Limitations and Implications for Further Research
	5.6 Policy Recommendations and Conclusions

	References
	Appendices
	Appendix 1: Pretest Procedures and Findings
	Appendix 2: Urban Subjects Recruitment Notice,
	Appendix 3: Sample Selection and Treatments in Iganga and Kampala
	Appendix 4: Individual Decision-Making Treatment: Groundnuts and Water
	Appendix 5: Brief Information (information treatment only):
	Appendix 6: Post-Experiment Evaluation:
	Appendix 7: Group Decision-Making Treatment: Groundnuts and Water
	Appendix 8: Consent Form
	Appendix 9: Derivation of Logit Probabilities from the iid Extreme Value Distribution
	Appendix 10: Choice Questions
	Appendix 11: Test of Design Optimality SAS code
	Appendix 12: Data (See attached files)





