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Abstract

Reverse auctions for ecological goods and serapesn alternative to current agri-
environmental government programs to provide ingestfor farmers. This thesis reports on a
testbed of laboratory auction experiments to assiissency and cost effectiveness of different
design treatments. These were developed usingastincosts of wetland restoration in southern
Manitoba. The testbed included a comparison of gaprtype (discriminatory versus uniform
payments), and ranking rule for both budget baseld@get based auctions over repeated
auction rounds and reserve prices for the targetdauctions. It was found that 1) uniform
payments outperformed discriminatory payments uadardget constraint, 2) discriminatory
payments were superior to uniform payments undarget constraint, 3) where there is no
budget constraint a reserve price can greatly asgefficiency and cost effectiveness. These
findings highlight the complexity of auction designd may be used as an aid to guide policy

decisions and agri-environmental program design.
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Chapter 1 Introduction
1.1 Background

Human impact on the ecosystem is increasing arthandlobe resulting in the
degradation of the local and global environmentsThvery apparent when considering
Lake Winnipeg in Manitoba, Canada. Human activitiese compromised the health and
quality of the lake to the point that it has becdmeardous to ecological and human
health.

According to the Lake Winnipeg Stewardship Bodrd/EB), there has been an
increase in the level of nutrients and contaminantsring the lake; since the 1970’s
LWSB (2006) have documented a 10% increase in ptooap loading and 13% increase
in nitrogen loading. Excessive nutrient loading leasto an extreme state of
eutrophicatiohin the lake, and massive algal blooms comprisedapily of blue-green
algae. Since blue-green algae can fix nitrogen fiteeratmosphere, phosphorus loading
in particular has been the most damaging compdres#use it is the limiting nutrient for
blue-green algae. The presence of blue green hkyaes the surrounding ecosystem and
has a negative impact on the local economy, frdeasing toxins to limiting the
penetration of sunlight into the water column. Messlgal blooms have also led to the
depletion of dissolved oxygen sources; when thaeatije, it sinks to the bottom of the
lake where is it decomposed by bacteria which uygen as a source of fuel.

LWSB (2006) notes that there are a variety of sesigontributing to nutrient

loads including human sources such as municipahgewseptic fields, crop fertilizers,

! Eutrophication is an increase in the concentratiomutrients in a body of water which results in a
increase in primary productivity (i.e. an incre@séhe productivity of plant matter).



industrial discharges, livestock manure, and urb@aoff (lawn fertilizers, pet waste), as
well as natural sources such as soil, the atmospbad decaying plant matter. With
agriculture comprising 50% of land-use in the wstted, it is a significant source which
should be dealt with (LWSB 2006). The LWSB makesesal recommendations for
handling nutrient loads in Lake Winnipeg from pgl#ducation, international
cooperation initiatives, to specific actions totaken to tackle nutrient loading and
contamination of the lake. One of these actiorns re-introduce or restore wetlands into
the landscape by way of engineering and constnuctio

Environment Canada has defined a wetland as “ldretevthe water table is at,
near, or above the surface or which is saturated fong enough period to promote such
features as wet-altered soils and water toleragetation. Wetlands include organic
wetlands or “peatlands”, and mineral wetlands ameral soil areas that are influenced by
excess water but produce little or no pd&tivironment Canada 1991). Wetlands are
able to provide a multitude of Ecological Goods &eavices (EG&S) including habitat
for fish and wildlife, carbon sequestration, flomald sediment control, and water quality
improvements. Wetlands act as an important nutggmt These benefits are well
documented and supported by scientific evidences@i& Gosslink 2007).

Despite the ecological and social benefits derivech wetlands, they ultimately
pose an economic problem to landowners or produdgmswn (1976) summarizes by
saying that wetlands essentially “[create] a probté optimal resource allocation” (pp
509) since the principle benefits are accrued bypilblic, while private landowners are
left with the costs of maintaining them. This imdrade leads to market behavior, by

farmers, which is not in favour of wetland conséia(Brown 1976). This has resulted



in an overall loss in wetland habitat. Since Eursypsettlement it is estimated that
approximately 20 million hectares of wetland habiitave been drained in Canada
primarily due to agricultural development, with ab@0% of wetlands drained in
Manitoba (LWSB 2006).

This loss of wetlands ultimately means that thera lioss of the EG&S provided
by wetlands. Where there are no wetlands on thistzape, nutrients, as well as flood
water containing other contaminants and suspenaléts senter aquatic bodies more
quickly and in higher concentrations. This is egbctrue in the spring where drainage
networks accelerate the movement of melt watefialffs allowing for early seeding and
reduction of crop damage (LWSB 2006). Putting wetkaback onto the landscape
through restoration can make-up for the lost fuorifrom previous drainage practices.
Studies have shown that restored wetlands areabtél to provide valuable EG&S
comparable to natural wetlands, including nutredgsatement (Kadlec & Knight 1996;
van der Valk & Jolly 1992).

The goal of conservation planning is focused onimeing biological benefits
and outcomes, while at the same time minimizingcd&hile there may be sound
science supporting biological needs, the econommsiderations of conservation are
usually not included, or if they are not in an ayprate manner (Naidoo et al. 2006).
Naidoo et al. (2006) states that including the cbsonservation is important and having
a better understanding of the related costs candgempportunities to increase
conservation. Naidoo et al. (2006) also assertuhderstanding the heterogeneity of
costs in the landscape (e.g. differences in laraditguproduction type, etc) is just as

important as understanding the spatial heterogettetsupply of EG&S.



There have been some issues in the uptake of wetatoration among
landowners. For years wetland drainage has bemueaged by governments through
perverse policies (e.g. the Wheat Board quota sydend and tax systems). Van Vuuren
& Roy (1993) also state that through income pradechor certain commodities, wetland
drainage would be directly subsidized (pp 294). M/there has been some policy reform
there continues to be a benefit to drainage thrqegterse incentives from pre-existing
programs. This sends a conflicting message froneigmaents to producers. In addition,
wetland restoration will require a change in pr@ety producers since wetlands alter the
cultivated landscape and force farmers to amendt¢hmpping routines and spend more
time and money to maneuver machinery around wetladddwever, time and money is
also required to accomplish wetland restoratiosifits

An important factor to consider is the disparigtveeen public benefits versus
private cost to landowners. There is no incentoretlie average landowner to voluntarily
restore the desired level of wetlands becausewloeyd incur 100% of the cost of
wetland restoration and would not receive thegulblic benefit. This leads to

controversial questions of who should pay, and haweh for wetland restoration.

1.2 Thesis Purpose and Objectives

The purpose of this thesis is to understand tlh#leriges facing producers with
respect to wetland restoration, and to test paboys to encourage wetland restoration by

producers. The specific objectives are to firsineste the cost of wetland restoration and



then to assess reverse auctfassa potential policy tool to create incentivesnicourage
wetland restoration.

Currently, agri-environmental stewardship prograetg on either voluntary
behaviour by producers and landowners or sharedpagsnent programs. In order to
implement effective policies and programs to enagarwetland restoration there needs
to be an understanding of the costs producerssiatieat proper incentives can be
granted. There have been some studies investigdigngost of wetlands in Canada (van
Kooten 1993; DeLaporte et al. 2010), however ttraimsferability to this region is
guestionable due to the complex heterogeneousenatuvetlands and producers. While
there are some studies in the American contexts(@Geti al. 2008; Heimlich 1994; Prato
& Hey 2006; Schultz & Taff 2008) it is questionalbether these values could be
transferred to the Manitoba context for the samasags.. This thesis employs the use of
multiple data sources in order to estimate the ebatetland restoration for actual
producers in the South Tobacco Creek (STC) watdrshsouthern Manitoban. A benefit
of the data used in this present study is thatriich enough to allow the investigation of
both direct and indirect costs at the field levad gain a better understanding how the
rotation and farm type may affect wetland retenaod restoration costs. From this data,
a actual cost curve was derived for the watershed.

Reverse or conservation auctions are becoming puapelar as a method to
procure EG&S in many parts of the world. Procurenaerctions are a Market Based
Instrument (MBI) used to establish prices wheredhmeay not be a direct market for the

goods in question. The United States DepartmeAgotulture (USDA) has used

2 Auctions for EG&S are also known as, or may bemretl to as procurement auctions, conservation
auctions, or eco-tenders.



conservation auctions since 1993 in their Consemdeserve Program (CRP), and they
have also been utilized in Australia (e.g. eco-eghdn this study we will investigate the
design of reverse auctions in the context of wella@storation. The objective of these
auctions is to select producers and distribute @nrsation for restoring wetlands in a
cost effective manner to yield high environmene&fits. Given that we have access to
an estimated cost function, we are able to usergmrpets in order to test the auctions’
ability to act as a cost discovery mechanism andtwbsign features contribute — or

counteract — efficiency/cost effectiveness, indabetion.

1.3 Study Area

The study area in question for this thesis wasSth€é Watershed, located in
southern Manitoba, Canada. The total size of thé ®atershed is 7638 ha (AAFC
2006) and is close to the town of Miami MB, andasith west of Winnipeg (49”28"N,
98°2150"W) (Figure 1). It is located in the Manitoba Esecagmt where the drainage
area originates in the Pembina Hills and drains frabacco Creek, the Morris River, and
exits into the Red River and Lake Winnipeg. Therall@rop in the watershed is
approximately 130 meters over 8 kilometers. Thétgpe in the area is predominantly

clay-loam, overlaying shale bedrock (AAFC undated).



South Tobacce Creekn
Watershed

Somlerset

— ) Miami
o N S

r—‘iﬂ_@\[ Morden

Figure 1 Location of South Tobacco Creek watershechttp://www.cici.mb.ca/deerwood/stc01.htm)
Deerwood Soil and Water Management Associatic

The primary land use in the area is agriculturévdyg (e.g. cropping, forage:
andlivestock) which has replaced the natural vegetatis of 2000, 71% of th
watershed was cultivated, with the remaining zbeing noneultivated grasslands, tree
water bodies, road allowances, and yard sites (¢t 2008). The four main crops
wheat, canola, flax, and barley, with other cropduding oats, fall rye, triticale, pet
sunflowers, corn, and soybeans in small proporti

STC has been used by Agriculture and -Food Canada (AAFC) as the sou
of several scientific researctudies for over 20 years pertaining to water sangg
(AAFC undated). As a resulthere is very rich hydrological difor the STC It is also
part of the AAFC Watershed Evaluation of Beneficr@lnagement practices (Ws)
program, which is collecting ca on the environmental and economic effects of BMF
agriculture. In addition to the detailed hydrologimd water quality records, t
Deerwood Soil and Water Management Association (M®\Whave also maintaine

more than 10 years of economic informa onfarm production in the are



1.4 Organization of Study

The following section, Chapter 2, will provide ariew of auction theory and
conservation auction design. It will begin withomihation motivating the use of auctions
for EG&S in general and also in a Canadian contExis is followed by an overview of
auction theory and how conservation auctions dferdnt from conventional auctions.
Design issues in conservation auctions are themsuined and explained. The
information provided in this chapter is used to ivede the experiments used to test
different auction design features in the Manitobatext that would maximize cost
efficiency.

Chapter 3 examines the cost of wetland restoratigenoducers. The
methodology and data used to estimate costs afaiea@ in detail. A summary of the
costs of wetland restoration in the study arehes fprovided. The information in this
chapter is subsequently used in the auction exjeertsn

Chapter 4 summarizes the experimental designesudts of a testbed of budget
constrained auctions. This chapter explains thevaoan for different design treatments.
An explanation of the experimental auction procediuring the experimental session is
also provided. This is followed by an explanatidih@ regression analysis used to
determine the impacts of different design featares auction outcomes. Descriptive
results of the auction outcomes and cost effectigsvariables are provided and
explained in detail. This is followed by an empatianalysis investigating the effect of
auction design on cost effectiveness, and restdts@mpared with the work of Cason &

Gangadharan (2004, 2005).



In Chapter 5, the experimental design and metluggohs well as results of the
testbed of target constrained auctions is providge Chapter 4, this chapter will
explain the motivation for design as well as prased and regression analysis. The
descriptive results of auction outcomes and cdstg¥eness are provided. Again,
regression analysis was used to investigate tleetedf auction design treatments on
auction efficiency. Results presented in this cbapte compared to those of Schilizzi &
Latacz-Lohmann (2007) who also examined targettcangd auctions. Comparisons
between target and budget based auctions are themd

Chapter 6 provides conclusions and summarizesahgibution of this work to
the literature on conservation auctions. Limitasion the study are discussed along with

potential areas of research.



Chapter 2 Review of Conservation Auctions
2.1 Introduction

This chapter provides the context and theoretiaakround for the use of
reverse auctions in an environmental context. 8e@i2 provides background
information on why auctions should be used alonfy wvidence of their success in other
jurisdictions, such as Australia and the Unitede&¥taSection 2.3 summarizes auction
theory and provides a theoretical framework forarsthnding conservation auctions.
This is followed by Section 2.4 which addresses#igeauction design factors that
contribute to the success of conservation auctiSimce there are few analytical results
from auctions to guide conservation auction de#fig;msection is primarily based on
experimental auctions from the laboratory as welhathe field. The research objectives

are summarized in Section 2.5. This chapter cordwdth an overall summary.

2.2 Motivation for Procurement Auctions

A challenge in the provision of EG&S is that theg paublic goods. Landowners
provide EG&S through the adoption of Beneficial Mgement Practices (BMPs), such
as wetland restoration, or changing farm practioesprove water quality and the
environment (e.g. zero tillage or forage convergiblowever, there is little motivation
for the private landowner to voluntarily provide &S because they would bear the costs
through changing their practices or buying new popgnt, while the public enjoys the
benefits. In response, cost-sharing programs hagr teveloped to offer incentives for
landowners to provide EG&S. A national survey ahfars in Canada finds that financial

concerns are one of the most important barriepatticipation in environmental

10



programming (Environomics 2006). This is couplethwhe sentiment that the benefits
are reaped by the public (Environomics 2006).

In Canada, EG&S incentive programs have histdyidsen based on fixed
payment/cost sharing agreements. In a fixed paypregram, all landowners who
choose to enter the program are paid the same fisted for providing EG&S (e.g.
$200/acre for affected land). Payments are intetol@dt as a price signal for
landowners to incent a change in behaviour (Wi&dRolfe 2008). Cost sharing
agreements imply that a given proportion of cosise by a producer for providing
EG&S will be reimbursed. An example from Canada thasNational Farm Stewardship
Program (NFSP)available to producers with an Environmental F&ian (EFP). These
proportional reimbursements of costs were depenaletite type of project allowing for
certain projects to receive a larger proportioeahpensation. Wetland restoration
projects were accepted under the NFSP where praslooald apply to receive a
reimbursement of 50% of their administrative andstnuction costs to a maximum of
$20,000.

The ultimate intent of these programs is to preypdyments to act as incentives
to encourage voluntary participation in environna¢éprograms. However, one must ask
the question whether sufficient or excessive ingestwere being provided? Arguably,
appropriate incentives are not being providedHterdverage producer accounting for the
low observed participation rates. As of 2009, @690 of Manitoban farmers supported
the EFP and only 30% were eligible for funding uritie cost sharing agreement (data

source: MAFRI undated, StatCan 2009).

% This program has recently been discontinued; hewitwas in existence during the course of thislgt
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The lack of appropriate incentives and low paratign rates is ultimately
attributed to information asymmetry between thelioudnd producer. This is a
significant issue explaining why the existing intbe@ payments from government
programs may not effectively procure E&GS from progrs. Information asymmetry
exists when multiple parties in a transaction daald private information that the other
party (or parties) is (are) not privy to. Privaaadowners hold private information related
to the costs they would bear if they were to adwpénvironmentally friendly practice
such as wetland restoration. This is because aostsiade up of observable (e.g. cost of
capital or consultations) and unobservable compisn@ng. opportunity costs, nuisance
costs, or environmental preferencedj governments have access to any cost
information, it is most likely the observable cadtich is only one component used in the
private decision making process.

Information asymmetry contributes to the ineffeetiess of environmental
programs. In fixed price schemes information asyinyn@eates challenges in the
determination of the appropriate level of paymenpriovide (Groth 2005). Payments set
greater than actual costs will not lead to costimiration and waste money; conversely
low payment levels will yield a low rate of parpation and high administrative costs per
unit of EG&S gained (Groth 2005). Windle & Rolfed@B) note that where there are
heterogeneous costs among farmers a governmentnilete fixed rate cannot provide
an appropriate price signal for all farmers to iggpate. In a cost sharing agreement, the
proportion of costs being shared by the governmmtters as well as what costs are to
be shared. Under information asymmetry the inapjaitgcosts may be shared (e.g.

NFSP did not cover opportunity costs which couldalsggnificant component of total

* The private costs facing producers will be disedss further detail in Chapter 3.
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costs) and an inappropriate share may be coverdtebyovernment for providing
benefits to society because of a lack of infornratio

The government, or public, also holds private infation related to their
preferences for EG&S and furthermore their valutmmdowners are typically unaware or
lack understanding of the environmental goals distadd by the government or have
little information about potential EG&S provision ¢heir land. Latacz-Lohmann &
Schilizzi (2005) identify that there may also belgems with adverse selection of
producers in a fixed price program in the presarigeformation asymmetry since
farmers with a lower EG&S potential would have l@gmcentives to apply for a fixed
price program than producers with higher EG&S ptgeri-or example, a farmer who
restores wetlands on low quality land, with low E&Qotential will more likely enter
into a contract than a farmer who has good qukditg and high EG&S potential. A
farmer with low quality land will benefit more bacsse the opportunity cost of wetland
restoration is relatively low resulting from landgthviow productivity. Any payment this
farmer would get would directly contribute to incenin contrast, a farmer who has good
guality land may have very high opportunity cosliated to highly productive land. For
this farmer, there are fewer benefits for receiangayment for restoring wetlands.
Relating to the aforementioned comment by Grotl®%2Q2) about fixed payments, the
level of payment chosen will influence the effecadverse selection. A low price may
be sufficient to induce low potential producerpésticipate, although excluding those
producers who have the capacity to contribute ra@3&S. It is very likely that adverse
selection would also be a challenge in a cost sgatheme as well. Similarly, those

with low potential for providing EG&S would havedhier incentives to participate in the
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program knowing that some of the costs could be/for a given activity, and those
with high potential may not participate becausephgments issued do not cover a

sufficient level of their costs out of pocket.

2.2.1 Conservation Auctions

Conservation auctions are an alternative to fixeckpr cost sharing programs
supported by many governments to buy and encouhagerovision of EG&S by
landowners. Auctions are a type of Market Basettungent (MBI) in that they use
market forces, prices, or other economic variatdehange behavour. MBIs may create
a market where no market is currently operatingmmrove a market if there is market
failure. Given that there is no current marketBE@&S from wetland restoration, and
there is information asymmetry, conservation aumngtimay be a useful instrument for the
provision of EG&S from wetland restoration.

Auction mechanisms use competitive bidding to redaformation asymmetry
and act as a price discovery system for EG&S.dareservation auction, participants
submit bids to the responsible authority represgrtie amount they would like to be
compensated for their actions (e.g. adopting BM&%, the most cost effective projects
are selected until a budget is exhausted or attergeached. With competition as the
driving force, participants are induced to revéaiit true compliance costs through the
bidding process (Latacz-Lohmann & Schilizzi 2008)is is because participants must
face tradeoffs related to the probability of tHea being accepted and their resulting
payoff. Thus participants are revealing some oif thn cost information to the
auctioneer while receiving a payment adequate verciheir costs of a conservation

action.
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The conservation auction framework has the capéazilycrease producer
participation in conservation programs and/or aotis like BMPs. According to Smith et
al. (2007), the main reason why producers do ndiggaate in agri-environmental
programs is that they are not comfortable with gorment control over their land use
decisions and the lack of flexibility in the typkaztivity they can apply. Conservation
auctions are typically voluntary, and producers inaye the flexibility to choose the
type of activity and price they would require. &sponse to an auction for sediment
reduction conducted in the Pomona Lake Watershads&s, US, “bidders indicated that
they appreciated the flexibility of choosing thewn BMPs and naming their own price
in the auction” (p.8) (Smith et al. 2009). The C&8o accepts a variety of activities to
achieve different environmental outcomes whichsa@ed in an Environmental Benefits
Index (EBI). However, auctions may also target gweactivities (e.g. wetland
restoration or other specific BMPSs) if monitorirsgmore difficult or there is no
comprehensive EBI to differentiate the value ofdlgvities. Auction design can also be
tailored to overcome other impediments to consemgirogramming such as
paperwork, complicated mechanisms, or lack of etiiucdy simplifying the sign-up
process relative to other programs as well as imefging extension programs (Smith et
al. 2009).

Conservation auctions for EG&S have been implestas a program or a pilot
project in a number of jurisdictions including theited States, Australia, and the EU. In
the United States auctions are used in the CRRdoueage the conservation and
rehabilitation of agricultural and natural landc@rL993. As of February 2010, 31.2

million acres have been contracted under the ClRgram across the US (FSA 2010).
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This includes land dedicated to habitat enhancemeter quality improvements, soil
erosion control, and other conservation effortsc@gkding to 2008 summary and
enrollment statistics, CRP has been successfatpmaving water quality, enhancing
wildlife habitat, reducing greenhouse gas emissaoid, protecting and improving soil
productivity (FSA 2008). The USDA has also annaththat the CRP will continue to
reflect its dedication to conservation efforts grieulture in the US (FSA 2009).

Auctions have also been used in the buyout ofatiog rights from farmers in
times of severe drought in some American statesf@ngs et al. 2004; Hartwell &
Aylward 2007). Cummings et al. (2004) tested resengctions to buy back water-use
permits (irrigation permits) in times of droughs, i@quired by law in the state of
Georgia. They conducted both laboratory and figlgeeiments to provide
recommendations for the actual auction using pubhboey. They found that the auction
was cost effective in purchasing irrigation permlise auction was also able to acquire
information about individuals’ willingness to for@grigation, and thus circumvented
problems and inefficiencies of “involuntary usag@tslowns using non-economic
criteria” (p. 361) (Cummings et al. 2004).

Hartwell & Alyward (2007) describe the auctionsdhel Deschutes River
Conservation area in Oregon to acquire temporasgream transfers of water rights for
environmental restoration. There was active paitton in the auction, however there
were no conclusive results regarding efficiencgast effectiveness because of a lack of
actual data available for comparison.

In Australia auctions have been used for a numbdifferent environmental

issues including native vegetation management andecvation, biodiversity, salinity,
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and groundwater recharge abatement (Latacz-Loh@&chilizzi 2005, Stoneham et al.
2003). Stoneham et al. (2003) found that the Busti@&etrial to address improvement in
habitat biodiversity in Victoria was more cost etige than a fixed price scheme by a
factor of seven. A factor that contributed to tlstceeffectiveness of BushTender was the
ability to take advantage of the heterogeneityaaoflbwners and their costs providing an
opportunity to benefit from landowners who can padevenvironmental benefits at low
costs. Stoneham et al. (2003) also attributesubeess of the auction to the ability to
extract information required to make decisions albadiversity conservation benefits.

In Germany field experiments for conservation cacts were used to increase
biodiversity and conserve grassland, and to engeuseoader participation in agri-
environmental programs (Groth 2008). Groth (2008l improvements in cost
effectiveness of up to 36% depending on the fixedepscheme (assuming the supply
function revealed in the auction was equivalerihoactual supply function).

Auction theory in the context of EG&S procuremisna relatively new field of
study, and the overall body of literature is somatimited and inconclusive. However,
traditional auction theory provides a well estaidid point of departure to understand
EG&S auctions. The following section provides a swary of traditional auction theory

as well as an overview of procurement auction theod implementation guide.

2.3 Auction Theory

Auctions are usually evaluated according to twaqprtes: efficiency and cost
effectiveness. An auction is efficient if the gdmeing auctioned is allocated to the party
which values it the most. Cost effectiveness amhemic efficiency are not always

achievable because of the asymmetric informatiorceSfarmers know more about their
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costs than regulators and government, some rentaay to be paid to producers with
high quality sites in order for them to enter tharket.

Auctions may also be evaluated in terms of thestrgiutional consequences. For
example, policy makers may want to ensure thatraotst are not concentrated in the
hands of a few suppliers, or they may want to enshat goods are awarded fairly across
different groups of people. In theory, conservafotions for conservation contracts
can reduce program costs and target specific emviental benefits. However the
performance of auctions varies and depends on dauaof context specific parameters
such as; the type of auction, the payment forrhatunderlying distribution of private
costs of providing conservation, and socio-demdgapharacteristics.

Auctions are typically associated with the salamvfwork or antiques in famous
auction houses as well as for cars or livestocleyTdre characterized as non-cooperative
games among the participants who are assumed tmbigetitively (Milgrom & Weber
1982). Milgrom (1985) suggests that auctions caattheed where the price of an item
needs to be established. A conventional auctiosistsmof one central seller (or
auctioneer) and multiple buyers where buyers ptede and the highest bidder will win
the item however, reverse auctions (or procureraections) involve multiple sellers and
one central buyer (e.g. auction for constructiontiacts).

There are four main types of auctions: English;dbusealed bid®*iprice; and
sealed bid #' price (also known as a Vickrey auctiprEnglish auctions are ascending
outcry bids, where bids are increased and accejiticho one will accept a bid increase.

A Dutch auction uses descending outcry bids whezdoid price is decreased until

® Sealed bid % price auctions are given the name Vickrey audiecause of Vickrey’s seminal work on
auction theory and the introduction of this auctivethod (Vickrey 1961).
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someone accepts the bid. Sealed bids imply thayene participating submits a bid
anonymously and the person with the highest valnatiill win. In a sealed bid auction,
the price paid may be'price where the winner pays their own bid; 8 &tice where a
winner pays the second highest bid (or the higlesstg bid). In a conventional auction
the highest bidder (or the one with the highestiatbn) for the good is the winner,
whereas in a reverse auction, the winner(s) woalthb least cost suppliers.

The four auction types can be grouped on the lmhgiptimal bidding strategy for
the auction. The first grouping includes Englisk araled bid % price auctions. In both
of these auction formats there is a dominant gjyatie place a bid equal to one’s own
valuation. This is because their bidding strategyat dependent on how the other
players bid (unlike the other two auctions whewgypts’ bids are based on expectations
of other bidders’ valuations. As Schilizzi & Latatehmann (2005) suspect, it is best to
place a bid equal to one’s valuation because bipdelow valuation decreases the
chance of winning, and bidding above, while inciegighance of winning, also
increases the risk of having a price much highan thne’s valuation (this is also known
as thewinner’s cursé).If players know the probability distribution futan of values
then on average the auctions yield the same outtimese auctions yield the efficient
outcome as a dominant strategy.

The second grouping includes the Dutch afigrice sealed bid auction. While on
paper the two auction rules could not seem moferéifit, the end result is the same
where the highest price will win and that pricelw# paid (Milgrom 1989). Under these

auctions more attention is paid towards biddingtstiies or the actual bid amount.

® Winner's curse is usually in reference to a commalne auction with incomplete information, however
the term has been used loosely in the conservatiotion literature
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According to Latacz-Lohmann & Schilizzi (2005) batd will develop expectations
about the valuations of other competitors and lwdljust high enough to win under the
assumption that their own valuation is the highBated on this expectation, there is a
preferred strategy to estimate the next highestateln among the other bidders and
place that estimate as a bid, understanding theapitity distributions from which others
draw their valuations is valuable in developingeoted utility from a Dutch or*iprice
sealed bid strategy (Milgrom 1989).

Despite the four auction types having different ichitegies, they all lead to the
same result that the one with the highest valuatitirwin (on average). This leads to an
important outcome known as the Revenue Equival&@heerem (RET) which states that
for each auction, the equilibrium bidding stratgggids the same price, on average,
given that the following set of assumptions arelf{ehtacz-Lohmann & Schilizzi 2005,
Latacz-Lohmann & Hamsvoort 1997):

Al. Auction involves sale of a single item

A2. Bidders are risk neutral

A3. Bidders have independent private values; aehéidder has a valuation of the
traded good that is unknown to the seller and tiv@dlers and that is not
influenced by others’ views (no resale value)

A4. Symmetry among bidders exists where the prdibabistribution of valuations
is the same for all bidders

A5. Seller does not know each bidder’s exact vadunadnd perceives this valuation
to be drawn randomly from some probability disttibo. Likewise, bidders
have prior knowledge about the probability disttibn of rival bidders’
valuation, but not about the competitors’ exactiatibns

A6. Competitive bidding: all bidders enter the @twith the intent to win and
know the number of rival bidders. There is no cathm and bidders do not have
the ability to influence price.

A7. Paymentis a function of bids alone

A8. There are zero costs to bid construction arglementation

" This also applies to reverse auctions (Latacz-Lamm8: Schilizzi 2005).
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Given that auctions are used as a price discovechanism where markets do not exist,
it is important to know from the RET that on averago auction type has any advantage
over other types to increase the revenue for tlyeroor seller. However this is only in
cases where the above assumptions are met. laseenhere violations occur one
cannot expect RET to hold, and there are no gemedatesults for auctions. Therefore it
IS necessary to test results using empirical oeergental methods to provide evidence
to predict the results of auction under certairations.

Conservation auctions are a unique type of indepaingrivate value reverse
auction where participants submit bids for prowdieG&S. There are aspects of these
auctions, as they have been practiced, that resuiblations of the RET therefore it is
not clear which auction design will yield the besgult. The relevant violations are listed

below.

Al — Auction involves sale of a single item

Conservation auctions typically deal with the traflenultiple items (e.g.
different BMPs), multiple attributes (e.g. typesenivironmental quality), and/or multiple
units (e.g. number of hectares of wetlands), intamdto having multiple winners. The
combination of attributes, items, or units depemashe purpose of the auction and the
outcomes. These qualities have an impact on hodebsdformulate their bids because
multiple dimensions must be taken into account. dffects of multi-dimensional
auctions are not well known (Latacz-Lohmann & Sehil2005) but there are studies
which have explored this issue under different doors. For example, Klemperer

(1999) states that under certain conditions awriefit outcome can be achieved but could
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lead to acts of collusion and rent seeking. Muttit@uctions (such as Treasury,
spectrum, or electricity markets) cannot be guioigdingle auction theory and that such
auctions have led to auction outcomes that havenaatmized revenue and/or are
inefficient (Ausubel & Cramton 2002) participantglwid strategically such that their
bids do not necessarily represent their true vialweder to maximize profit under both
first and second price auctions. Binmore & Swiengki (2000) assert that multi-unit
auctions cannot be guided by single-item aucti@omy, and that such actions have led to
inefficient auction outcomes in Treasury bill anas in the United States.
A2 — Bidder’s are risk neutral

Producers are generally expected to be risk avatBer than risk neutral. This is
a widely held assumption for farmers and is usearfoltiple areas of research in
agricultural economics (Unterschultz, J., pers@oahmunication, May 2009). Latacz-
Lohmann and Van der Hamsvoort (1997) found in aibigl simulation exercise that risk
aversion can affect bidding behaviour away fromdpemal strategy, thus reducing
efficiency. Klemperer (1999) argues that in a sélgomce auction, risk aversion has no
effect on bidding strategy and that all particigantll bid (or bid up to) their actual
value. In a first price auction, a risk averse bidgill bid more aggressively (bid closer
to true valuation) since an increase in the bid slightly increase the probability of
winning while slightly reducing the value of wingnThis is because they are not willing
to risk losing by increasing their potential prdfim submitting a lower big. Therefore a
risk neutral seller with risk averse buyers préffer first price auction since revenue
potential is higher. However, risk preferencesdiffcult to quantify in a laboratory

setting.
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A4 — Symmetry among bidder exists where the probabity distribution of valuations
is the same for all bidders

Under symmetry, all participants are assumed tavkii@ir own cost function
and have full knowledge about the distribution @$ts amongst bidders (i.e. everyone
has the same assumptions about costs and theytkeadistribution with certainty).
When the symmetry assumption is violated it isalear which auction format produces
superior results in terms of efficiency or revemugximization (Myerson 1981; Bulow &
Roberts 1989; Klemperer 1999)

Although it is possible that producers are symrmgethere are underlying
conditions (e.g. land quality, production type, mg@ment strategy) which could
contribute to different cost functions. Another trdsuting factor is that producers may
not be aware or have imperfect information aboeirtbwn cost function. If this is true,
there is no clear indication regarding which auctigpe would be preferable since
bidding would not reflect their actual cost distriiion but their best estimation. In
addition, they may not know the distribution of tso® other bidders or they form their
own subjective probabilities about costs (whichytbpdate through learning in the
auction

As a result of these violations of RET, the resaftsonservation auctions are
indeterminate. There are many aspects of conservatiction design that can influence
the outcome in terms of auction efficiency andfstaninimization. The following

section discusses attributes of conservation audssign in further detail.

2.4 Auction Design

Auction design is an important factor in maintagheconomic efficiency and cost

effectiveness in conservation auctions. Since thdipted results from auction theory are
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indeterminate, auction experiments in an econoatoratory have been utilized to test
different designs to understand their efficiencyvadl as their ability to act as a cost
discovery tool (Latacz-Lohmann & Schilizzi 2005helbest auction design is also
context specific, Further supporting the use ofegixpents to test design prior to actual
use with landowners.

Important design measures that are being considertds thesis are as follows:
the method of payment; the type of bid evaluatigsteams; the use of a target versus a
budget constraint; the level of information reveabe hidden; the use of a reservation

price or target; and communication. Each of thegeviewed below.

2.4.1 Pricing Method

There are different methods in which payments neglibtributed to winners in a
reverse auction. The most common methods are dlisziory, uniform 1 price, and
uniform 2% price (or Vickrey auction). Each method has it©igwos and cons in relation
to their effectiveness in reducing rent seeking prodiucing an efficient outcome. The
pricing rule is a key design feature in conservatactions because the format dictates
how contract payments are determined based onlbadiscz-Lohmann & Schilizzi
2005), and this directly contributes to the effindg and cost effectiveness of the auction.

Under discriminatory pricing, a successful bidaean auction will receive a
payment equal to their submitted bid price. Thggetpf pricing resembles that of the
Dutch or £' price sealed bid auction described above anditivakes similar behaviour
patterns. The bidders make expectations about otmpetitors and bid just high enough
to win under the assumption that their valuatiotheshighest or in this case that their

valuation is the most cost effective. This typg@oting decreases the amount of
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uncertainty a bidder would face as their respedtidenvould both determine their chance
of winning and the price they would receive if segsful (Latacz-Lohmann & Schilizzi
2005). Latacz-Lohmann & Schilizzi (2005) also explénat under discriminatory pricing
there is a Nash equilibrium strategy and a bidgdadepends on someone’s own costs
and their best guess of the highest acceptablélhid.provides an opportunity for
participants to seek rents, or profits in excessosts, in anticipation of getting the
highest possible payment. The optimal strategypéoticipants is to bid shade in order to
receive a large payment and acquire a net gais.i$t@specially true for those who have
low costs because knowing that it is relativelyaghéor them to provide a service, they
may shade their costs and bid as if they were la ¢togt landowner in order to achieve
net gain from their payment and still remain corntppet among other bidders. High cost
participants are more likely to bid close to themsts knowing that the highest acceptable
bid is probably not much more than their own costs.

Under a uniform pricing framework all successfuders are paid the same price
(full or unit price). In this case, the bid submdtdetermines the chance of winning, but
does not explicitly determine the level of paymgratacz-Lohmann & Schilizzi 2005).
Knowing this, the dominant strategy for particigaistto place a bid equal to their own
costs because the magnitude of the bid does reattdffe payment that will be received -
it will only decrease the probability of winninghiE is similar to the ® price auctions
addressed in Section 2.3. While, it should be ntitatla weakly dominant strategy is to
bid slightly below cost in order to increase thelability of being selected, however,
there is risk that the payment received by a biddibe less than their costs, however

(Latacz-Lohmann & Schilizzi 2005). With uniform pes winners will receive a payment
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greater than or equal to their costs, eliminathrggrieed to shade their bid in order to have
a net gain from the auction. Therefore, the dontistnategy is to place a bid equal to or
at least closer to actual costs in order to mayerttie probability of winning.

The price received under the uniform price formayrhe determined one of two
ways: ' price, where the price is determined by the lasepted winner; or™ price,
where price is determined by the first rejectedip@ant. Cason & Gangadharan (2004;
2005) argue that thé®price method may be more effective because whshfiice is
being used, the last person to win will not receiyayment greater than their costs
while other winners will. It is possible that tharpcipant on the margin will tend to bid
shade and thus raise the universal market pricengake overall auction more
expensive and less efficient. Whereas using ther&ce method, all winners would
receive a payment greater than their costs, thdiscineg the incentive to place a bid
greater than costs in order to achieve informaténs. However, undef@price
auctions there is also risk that the rejected $inkry high and may greatly increase the
amount of rent distributed to the winners.

There is debate as to which pricing rule, discretmny or uniform, is the most
effective in a reverse auction. In the literaturere are two approaches to evaluating of
pricing rule effectiveness: 1) cost effectivenasg 2) the ability to reveal true cost
functions from participants. Cost effectivenesgireto minimizing the total cost of the
auction and maximizing benefits procured from &diauction budget (i.e. $ spent per
unit of EG&S). The ability for the pricing rule fwovide incentives for participants to
bid their own costs is an important issue in artiancWithout the proper incentive,

there may be strategic behaviour in order to maenmformation rents by shading bids.
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In the event there is an abundance of bid shadiimmers in the auction may not be
appropriately chosen, ultimately leading to a daseein efficiency as well as cost
effectiveness.

Tenorio (1993) and Umlauf (1993) found that unifgsnces yield higher
revenues from the sale of financial instrumentg. f@reign exchange). Similarly, for the
sale of US Treasury Bills, the uniform price auctgeems to be viewed as more
favorable although it is not clear from a theom@tperspective why this would be the
case (e.g. Binmore & Swierzbinksi 2000). Unfort@hathere is no compelling
theoretical reason to expect one payment formatwibetter than another (Binmore &
Swierzbinkski 2000; Hailu & Thoyer 2007).

Latacz-Lohmann & Schilizzi (2005) discuss the ad&tctiveness of the two
payment types in a budget constrained auction. Ehpulate that whether one payment
type is better than the other is largely an “enggirguestion”. They find that the most
cost effective method depends on the degree offirdbon rents sought by bidders in the
discriminatory auction, and thus make the cas&dbin methods to be cost effective.
They base their discussion on two different disgratory scenarios (Figure 2 and Figure
3); where there is low information rent seeking aen there is high information rent

seeking. They also assume that under uniform rj@articipants place bids equal to
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their own costs.

A Opportunity costs =
bids under uniform

Price - pricing
Bids under

discriminatory pricing

0 : >
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Figure 2 Comparison of uniform and discriminatory pricing when uniform is lesscost effective in a
budget constrained auction (Latacz-Lohmann & Schilzzi 2005)
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Figure 3 Comparison of uniform and discriminatory pricing when uniform is more cost effective in a
budget constrained auction (Latacz-Lohmann & Schilzzi 2005)

In both figures the lower line represents the ulydey cost curve and therefore
the uniform price bid curve. In the uniform auctXnunits could be bought under a
fixed budget with all winners are paid prieg The measure of cost effectiveness in $ per

unit is estimated using Equation 1. As a resufeot seeking, the discriminatory bid
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curve lies above the cost curve. In the aucKgaonits are bought and each winner is paid

a price equal to their bid. Cost effectivenessvsigin Equation 2.

CE Budget outlays Py x X, areaOECX,
. IL. = . - - = ~ = = ;J"_,'
Units of service bought X, X,
Equation 1
[Source: Latacz-Lohmann & Schilizzi 2005]
CE - Budget outlays _area OABX
P Units of service bought X,

Equation 2
[Source: Latacz-Lohmann & Schilizzi 2005]

Where there are relatively low levels of rent segkiFigure 2), more units are
able to be purchased under discriminatory prickgX,) with the same budgetary
outlay OECX=0ABXy). Therefore the discriminatory auction will be ra@ost effective
becaus€€Es>CE,. The reason behind this is that under uniformipgi@ach winner will
always receive a payment greater than their castswill therefore inflate program
costs. Consider the scenario where all participaete to place a bid equal to their costs
regardless of payment method implemented. The ¢ottlof a uniform program would
be greater because each respective payment wogjetaeer than in the discriminatory
format. Where there is relatively high level of rereeking (Figure 3), uniform pricing
outperforms discriminatory pricing as more units purchasedX{,>Xy) for the same
budgetary outlay.

A number of experiments have been used to tegidifermance of uniform
versus discriminatory payment rules. In the casargjle bid experiments, the evidence
seems to favour discriminatory auctions, even thahg uniform price seems to lead to

bidding behavior that is closer to actual cost.(8igneham 2002; Cason & Gangadharan
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2005). In addition, recent theoretical papers afoam versus discriminatory auctions in
a repeated auction setting suggest that uniforoe@uctions are better at facilitating
collusion, in part uniform payments create greateentives for low cost producers to
not “deviate” from the agreed upon collusive “highst” bidding strategy (e.g. Fabra
2003; Cincotti et al. 2006). Nonetheless, resuktsséll context specific, and what is true
in a single bid setting does not necessarily tedadb a multiple-bid setting. Hailu &
Thoyer (2007) found that for a multiple bid-muleglnit auction the discriminatory
auction had the poorest performance.

Discriminatory pricing has been found to possessatteristics that favour better
cost effectiveness than the uniform pricing metl@ason & Gangadharan (2004; 2005)
found in their experiments that discriminatory prgcled to lower overall costs of
conducting an auction than uniform pricing. Caso@&ngadharan (2004; 2005) also
found that under the uniform framework, less envwmental benefits would be acquired
because the respective price was higher than iditteminatory case. Similar results
have been found in the case of spectrum, or Trgdmard auctions (Binmore &
Swierzbinski 1999; Ausubel & Cramton 2002). AusukéCrampton (2002) also show
that bid shading and strategic bidding also oceuleun uniform pricing in Treasury bill
auctions.

An important feature of a procurement auction esftict that it has the ability to
reveal the costs of the individuals participatingprder to combat the effect of
asymmetric information. It may be desirable foraaiction to reveal costs for possible
policy including using the auction to establishlist& costs for an activity for future

program development. Based on the optimal bidesgsatinder 2 price auctions,
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participants are more likely to place a bid eqoaheir costs under uniform pricing, and
therefore outperform discriminatory pricing on thrgerion (Cason & Gangadharan
2004, 2005, Latacz-Lohmann & Schilizzi 2005, Jaickle2008). Cason & Gangadharan
(2004; 2005) provide empirical evidence showingd thraform pricing yields bids within
2% of costs on average (higher and lower), whigerninatory pricing yielded bids 8%
higher than costs. Theoretically speaking, unifpnning would perform better at
revealing the cost curve than discriminatory pgdrased on the optimal bidding
behaviour in each method in the short run. As wasipusly illustrated, bidders are
more likely to shade their bids above their costsrder to maximize a potential profit;
this of course results in a misrepresentative fdedeeost function that does not reflect the
actual cost function.

Cummings et al. (2004) conducted a study ondtrog permits in Georgia, USA
using both laboratory and field experiments to t&f$erent auction payment methods.
They claim that discriminatory pricing was supetimuniform pricing because of the
nature of the auction they were implementing, whictiuded a differing number of
multiple units of goods. The authors also stated timiform pricing would be difficult to
explain in reality and could result in large initi@sses due to a lack of understanding on
behalf of the participants. Another fact broughtoypCummings et al. (2004) is that
there may be negative reactions from farmers wioeveralued land would be paid the
same market price as high valued land. Yet if &oum unit price per benefit was
established (as opposed to a single value), tHevalyed land would be allotted an

appropriate payment larger than that of low valiaed.
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Overall, there are many factors that need to bsidered prior to choosing a
payment method for reverse auctions. There stikias little clear-cut evidence
establishing the best payment method. There rennai@d for more research into this
area taking into consideration factors such asatepleauctions, experience, and levels of
information provided to see if there are more dédfees and characteristics between

uniform and discriminatory payments than has beegealed in the literature.

2.4.2 Bid Ranking

Bid ranking is used in conservation auctions t@deine how buyers select
between heterogeneous producers to determine vgirW&r distinguish between two
different types of bid ranking strategies. The maxin coverage ranking rule treats all
bids equally in terms of quantity (e.g. number eftland acres restored, number of head
of cattle included). Therefore from the buyer'sgpactive the bid selection rule is to
minimize cost per unit of environmental benefit andonservation contract for a given
budget constraint. However, these auctions are@ogssarily the most efficient; in
particular they may suffer from the problem of “adse selection” where cost and
environmental benefits are positively correlatedterms of efficiency, the goal of an
auction is to maximize $ per environmental bengfitsvided, not amount of area in
conservation. In order to target higher qualitydsngovernments can use eligibility rules
(for example, only highly erodible lands), and/arE&BI to screen and select contracts.

A number of conservation auctions employ someadaB| to rank bids. For
example the Victorian BushTender and Bush Broketians ranked bids based on

hectares of habitat hectares (Parkes et al. 20881e et al. 2008). The CRP uses an EBI
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based on a weighted score over a number of fartolsding wildlife, water quality,
erosion, permanence of the practice, and air gu@itaassen et al. 2008).

Babcock et al. (1996) show that the benefits ofremwnental targeting are
dependent on the correlation between costs andogmeental benefits. In particular, if
environmental benefits are negatively correlatetth wosts, or if the variation in benefits
is small compared to the variation of costs amopgstels, then the least cost enroliment
can approximate an allocation that maximizes be&nedin the other hand, if costs and
environmental benefits are positively correlatbentenvironmental targeting leads to
much higher efficiency. In reality, costs can bib&i negatively or positively correlated
with environmental benefits, or there may be noealation. Babcock et al. (1996) find
that the gains from environmental targeting ard iy water quality, but low for

benefits to wildlife (Babcock et al. 1996; Claasséml. 2008).

2.4.3 Budget Based versus Target Based Auctions

Conservation auctions can run under one of twotcanss: a budget constraint or
a target (objective) constraint. Under a budgestramt winning bids are selected until a
fixed budget is exhausted. The quantity of EG&Su@eqgl under such an auction is only
knownex postA target based auction implies that there iseadatermined fixed amount
of EG&S (or other objective) to be gained from #gugtion process. In this case, the
resulting budget is only knowex post Latacz-Lohmann & Schilizzi (2005) state that
there is na priori reason to believe that one is better than ther offithough, they also
note that a budget constraint may create an envieonwhich psychologically
disciplines bidders to place bids closer to thests because they are aware that the

money available for large payments is limited. Tdiesm, however, has not been tested.
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Schilizzi & Latacz-Lohmann (2007) have compareal performance of budget
versus target based auctions against a benchmetikramodel. The experimental
auctions were designed to address nutrient abateandrthe authors applied a
hypothetical cost function. The budget was settiaiiy and announced to the
participants. The fixed target was determined eadogsly from the result of the number
of contracts purchased in the first budget basetiau The target was established in this
manner in order to observe if a target based augtmuld out perform a budget based
auction in achieving the same number of contradts.auctions were evaluated using
three criteria: budgetary cost effectiveness (vébmenoney); information rents
(additional payment above participation cost); andnomic efficiency (opportunity cost
per unit). They were also compared to an equivdiret payment structure that was
equal to the one minimum payment needed to achievquantity target with the budget
used.

Schilizzi & Latacz-Lohmann (2007) found that iom@e-shot auction both the
budget and target based auction outperformed xled forice program. However, they
also found that the target based auction conslgteatperformed the budget constrained
auction and was more efficient over the fixed ppoegram than the budget auctions. In
contrast, over repeated auctions the target austietative performance over the budget
auction eroded in terms of budgetary cost effeatdgs and information rents. It is
possible that the parcels of information providegarticipants between rounds were
sufficient enough for bidders to adjust their biggler both auction frameworks. Since
under a target constrained auction there is no dtuchp, participants had a greater

opportunity to rent seek. Therefore, the authorekhale that a budget auction would be
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more appropriate if an agency was considering pialgignups or planned to hold
subsequent auctions in the future.

Although Schilizzi & Latacz-Lohmann (2007) concduthat there is essentially
little difference between the constraint typesretare few (if any) studies to support this
claim. Itis anticipated in this current societhi@ve environmental action is important to
the public and therefore governments, the targstdbauction could become popular to
ensure that governments do not fall short of thelicy objectives or goals, or as EG&S
become increasingly more scarce. In fact, the ieéreiabitat Joint Venture has recently
reported goals related to wetland restoration tarigethe Canadian prairie pothole region
for the next 25 years (PHJV 2008). Therefore, thednfor information regarding target

based auctions may become important in the future.

2.4.4 Reservation Price and Targets

A reserve price in the context of a non-reversdiands the minimum value for
the good in question. In the context of conserva#ioctions the reserve price is the
maximum amount willing to be paid for a unit of ip@od being traded (Latacz-Lohmann
& Schilizzi 2005). The reserve price essentiallisas an alternative budget constraint if
the auction environment is susceptible to facteasling to rent seeking and the
submission of large bids.

Latacz-Lohmann & Schilizzi (2005) identify two sms to consider the use of a
reserve price in an auction:

* The implementation of a reserve price contribubethé risk that a bidder may

lose from bidding too high. This will increase b&ildcompetition enabling the
agency to gain from information rent that would éa@therwise been

transferred to the winning participants. It alsonghates the possibility of
submitting extremely high bids, or “blue sky” bids.
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* The reserve price may also act as a price signdleohgency’s (or society’s)
maximum willingness to pay for conservation sergjdaus somewhat
representing the demand side of the conservatiokaha

While reserve prices are not required in all covesgon auctions, in some cases
including a reserve price would be appropriate.rélage a number of different factors
that arise that may affect cost effectiveness byiding potential opportunities to rent
seek such as low competition, collusive behaviouhidder learning (Latacz-Lohmann
& Schillizzi 2005). Lower competition implies whenbid is increased the probability of
winning decreases at a relatively lower rate whenared to an auction with high
competition. There may be opportunities for thdipgrants to increase their bids
significantly and still win in the auction. By inading a reserve price, a cap is placed on
the maximum bid allowed to be entered into theianawhich can ensure that rent
seeking is maintained to a certain degree.

Collusive behaviour implies that there is an agresnamong the participants to
bid in a particular way that would yield a high g&o the entire group. Similar to the
effect under low competition, a reserve price @eat price ceiling that limits possible
rent seeking and benefits of collusion.

If there are repeated auction rounds there is a@orynity for participants to
learn (see section 2.4.5) aspects of the auctiom asi the available budget, or the
average price paid to winners. With this learnedwliedge, there again is an opportunity
for participants to rent seek through the biddingcpss. The implementation of the
reserve price would limit the extent of the potahfor rent seeking.

Determining the optimal reserve price can be diffifor goods whose market

values are unknown. An optimal reserve price reguihat the buyer already knows the
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distribution of costs. This may not be realistic &gri-environmental programs. Even if
the distribution is known, other factors such asHmBI can result in a complex problem.
In the absence of sufficient information to setréserve price optimally, the buyer might
just use a rule of thumb about the politically qiteble value of the conservation
contract, or simply just announce the existendh@freserve price without the amount.
The CRP uses bid caps and stratifies bidders fardift categories by levels of EBI in
order to encourage competition amongst low oppdstwost bidders (Kirwin et al.

2005).

A reserve price may be less important where ansti@ve a strict budget
constraint which acts like an implicit reservatjmice (Latacz-Lohmann & Schilizzi
2005). In the event there is a fixed budget to $difor a number of auctions, a reserve
price would be beneficial in that it limits the ert of rent seeking so that the budget may
be more evenly distributed between auctions.

Latacz-Lohmann & Schilizzi (2005) define a resequantity as the maximum
allowable bid accepted in reference to the amotBEGR.S submitted. A reserve quantity
may be used to achieve equity objectives in sibtnativhere one (or very few) bid
represents a large fraction of the objective bemgsidered in the auction (Latacz-
Lohmann & Schilizzi 2005). For example, in the aotfor Landscape Recovery in
Western Australia a bid which constituted a lamgetion of the total area under the
auction was rejected despite having a competitilia $ost in order to spread the budget

among more participants (Latacz-Lohmann & SchilA205).

2.4.5 Information and Learning

37



The level of information provided to participantsthe reverse auction can have
implications on the outcome. The amount of inforpratnfluences the level of
information asymmetry between buyers and sellemeNhformation levels the playing
field and the incidence of adverse selection deg®and efficiency increases. However,
this comes at a cost since participants may betahlee it to their advantage to extract
information rents and decrease cost effectiveridssefore, careful consideration should
be taken when determining what information to padewio participants. Information has
been broken down into two categories: budget aserve prices, and goods and services
attributes. The effect of learning and how it iBuanced by information provision will

also be discussed in this subsection.

Budgets and Reserve Prices

Revealing information related to budgets and/oemes prices can send signals to
bidders as to the price the program authority ingito pay for EG&S. The tradeoffs of
announcing a reserve price are similar to thossabuncing a budget constraint:
disclosure can either increase the competitiveagbgls, or it may signal the value of
the contract and anchor bids at a higher level thamd have otherwise been the case.

If both the budget constraint and the quantityeaege known, participants may
drive up procurement costs if they don’t percelve auction as being very competitive,
or they may anchor their bids on a perceived “aye@st”. In an auction with few
participants bidders might inflate their bids iéyhknow that there is a fixed quantity
target (Cummings et al., 2004). On the other handpuncing that a unit cap is in effect

without specifying the level may reduce spuriouddimg (Hartwell and Aylward, 2007).
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In the event a reserve price or quantity is useghiauction, it may be announced
or unannounced prior to the outset of the auctiamueh like a budget or environmental
target may be announced or left concealed pritliécauction. With evidence from the
CRP, announcing a reserve price may create anchbias (Reichelderfer & Boggess
1998) in that bidders will submit a bid equal te tleserve price knowing that it is the
maximum accepted offer. Given that there are dfiebidding strategies depending on
the payment type (i.e. discriminatory versus umfpannouncing the reserve price may

have different effects on bidder behaviour as well.

Goods and Services Attributes

Administrators may choose to reveal to participamésamount of environmental
benefits they could provide, if this informationkisown. There are advantages and
disadvantages to revealing this type of informatitime disclosure of such information to
landowners reveals opportunities to increase auetficiency by reducing barriers
created by information asymmetry. Landowners a@mned which can encourage long-
term investment into conservation programs to imeeeenvironmental benefits and there
is an increase in the perceived fairness and temaspy in the auction. However,
revealing environmental information can encouragg seeking and thus reduce cost
effectiveness (see Cason & Gangadharan 2004).

Chan et al. (2003) argue that the optimal infororapolicy depends on who
holds the information about the EG&S on privatedtdandowners or the program
authority (e.g. government). Landowners are mde\lito have private information
pertaining to the environmental impact of their mgement practices (e.g. potential

effects on particular tracts of land and or spefliesacz-Lohmann & Schilizzi 2005)).
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However, the program authority may have accessoi@ mietailed information of the
ecological/environmental significance of their laartl characteristics and how they
match with policy goals and objectives (Latacz-Lamm & Schilizzi 2005).

If landowners hold detailed private information abthe level of EG&S that
could be provided by their actions, Chan et al0@0ecommends that the scoring rules
and relative weights should be announced if quakty be accurately verified after the
auction. In this case, landowners are able to leutidir attributes to best suit the
program and increase their probability of beingstd thus overcoming the adverse
selection problem. However, this also leads to @asfing for EG&S as landowners may
exploit their information advantage and shade thieirabove their costs (Chan et al.
2003; Latacz-Lohmann & Schilizzi 2005). When EG&Bmnitted in a bid cannot be
verified, announcing the scoring rules and weigltgd lead to adverse selection and
price competition, and subsequently the purchasewsr quality because participants
can misrepresent their quality from knowing whatuobe required to get a high score
in the auction (Chan et al. 2003).

If the program authority has more information peitag to the level of EG&S on
bidders’ land, they have one of two choices: teedwr not to reveal. If full information
is revealed to landowners, there is incentive fddérs to extract information rents,
especially for those who have desirable levels®&E (Chan et al. 2003). If they only
reveal the information related to the scoring rulaust be symmetrical among bidders.
Bidders would then make predictions about the prefeEG&S qualities relative to their
predictions of their own EG&S potential. Chan et(2D03) stipulates that in this

situation bidders will avoid price competition irder to maximize their profit potential.
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Price competition will drive down prices and minamiexpected profits and not
necessarily improve their chances of winning.

When the program authority does not reveal itsgteivnformation about the
EG&S bidders will have to make their own assessroétiteir environmental quality and
how it will meet the preferences of the authorig.a result, bidding becomes more like
guesswork because of the uncertainty of their E@&&vision in addition to their cost
considerations (Chan et al. 2003). This increasegiainty will encourage participants
to bid closer to their costs (lower than their bidghe previous scenarios) for all levels of
EG&S in order to increase the chance of winninthamauction (Chan et al. 2003).
However, while there may be an improvement in effeictiveness, there still remains
the possibility of adverse selection remaining ttumformation asymmetry.

Cason & Gangadharan (2004) and Cason et al. (2668)he effect of
information on bidding behaviour using laboratougtion experiments by manipulating
the amount of information provided to participanisone treatment the environmental
benefits information was revealed, and in the otteatment it was not. They found that
when environmental benefit information was withhietsm bidders, the bids were closer
to their costs. However, with the provision of @ovimental benefits information bidders
were more likely to misrepresent their costs, esfige¢hose with high levels of benefits.
The result was a reduction in cost effectivenebss i because the high benefits
participants know that they would be prioritizede auction, and therefore behave
strategically to get the highest profit possiblagn & Gangadharan 2004, Cason et al.
2003). There was no explicit exploration into tiffee on efficiency/adverse selection in

their information treatment.
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Despite this finding, there may also be long ruveadiages to revealing
information. According to Stoneham et al. (2008)| disclosure of environmental asset
information to participants sends signals to pgréiots as to the priorities of the program
authority. This provides participants with an ogpaity and incentive to invest in
conservation activities, and/or bundle specifietssr activities in order to increase their
probability of being selected in the auction.

Since the level of information to provide to thegpective bidders is ax ante
decision, the program authority must first weighdifferent policy objectives and goals.
There should also be some consideration as to vaubtdaold the most significant

information regarding EG&S.

Learning

Another aspect of information provision is that ahis learned over time by
participants. After each auction round, biddersugegsome information based on the
auction outcomes. Depending on their auction ougdhe bidder may choose to exploit
this information by adjusting their bid accordingtyfurther their success in the auction
and/or to increase the level of rent extraction.

The level of learning is contingent on the amounhfmrmation announced after
each auction round. Any information provided colddused to send signals to bidders
and aid in bid adjustment to improve their gaimsrfrtrade or accelerate the rate of
learning. Essentially the same behaviour as destiabbove concernirgpriori
information would result; i.e. promotion of renegeng.

Hailu & Schilizzi (2005) used agent based modetaahniques to assess the

effect of 30 repeated auctions on learning and@uetfficiency. They found that while
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learning may be evident in an auction, the levelarhpetition may be able to combat the
effect and thus maintain auction efficiency. In thedel, a learning algorithm which
enforces a direction on bid adjustment based oviquis auction outcomes was

imposed. They found that auction efficiency does in factde over repeated auction
rounds when learning is accounted for. By th8 fiériod (out of 30) almost all winning
bids were equal to the marginal bid (the first wasssful bid).

Hailu & Schilizzi (2005) explain that when learningcurs, participants with
previously successful bids or feedback exploit iiisrmation by experimenting with bid
mark-ups. Through the process of learning and &jerst of bids, the infra-margiral
bidders (bidders who are preferred by the auctigrmaark their bids up to where it
equates the marginal bid. This leads to decreasingonmental benefits procured per
budgetary outlay over each auction round. Hailuchifizzi (2005) also identify two
trends which contribute to the loss of efficienEyst, there is a crowding out effect since
fewer participants are accepted in the auctionltiagun lower participation; and second,
the proportion of rent seeking above opportunityteancreases over time. They also find
that auctions become less efficient than fixedgopayment methods over time because
of learning. Because of this phenomenon, short &dfitiency does not necessarily equal

long term efficiency (Hailu & Schilizzi 2005).

8 The learning algorithm used was developed by Roftrev (1995) and Erev & Roth (1998); it is widely
accepted in psychology literature (Hailu & Schili205). The learning rule is as follows (as writta
Hailu & Schilizzi 2005):

1) If an agent wins a contract in the previous augtiowill maintain the same bid or increment it by

10%.

2) If an agent loses in the previous auction, it willintain the same bid or lower it by 10%.

3) Bids do not go below own opportunity costs.
° An infra-marginal bidder that is ranked higher thlhe marginal or lowest ranked winner (Hailu &
Schilizzi 2005).
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Schilizzi & Latacz-Lohmann (2007) also encountdestning in an auction
experiment using human subjects. The result ohlagrover three auction periods was
also a decrease in auction efficiency due to irstngarates of rent extraction. Learning
was also documented in the CRP program which egburitinfra-marginal bidders
increasing their bids to equate the implicit biccerReichelderfer and Boggess, 1988).

In order to prevent this characteristic of repeatections, Hailu & Schilizzi
(2005) suggest altering the rules (e.g. imposiisgmes price, adjusting reserve price) of
the auctions slightly between rounds or after éagenumber of rounds in order to
maintain a sense of information asymmetry betwberbtdders and the auctioneer. This
will limit the amount for time infra-marginal bide converge to the margin or reserve
price. However, by changing the rules of the auchehind closed doors may also
decrease the level of trust between participandstlam auctioneer which could lead to a
reduction in participation.

The only documentation for learning in the literathas been in reference to
discriminatory price auctions. This payment metkadourages rent seeking in the first
place, and repeated auctions create an environwiere the rate of rent seeking can
increase over time with few ramifications. Althougbt yet supported by literature, it is
possible that uniform pricing would be more robwstler repeated auction rounds. There
is no incentive for the infra-marginal bidders arease their bid to equate the margin,
since any increase in a bid could compromise tla@od of winning a contract.

2.4.6 Communication

Social aspects may also influence auction outcandsnfluence issues such as

collusion. Conservation auctions typically use sddlids and only the auctioneer is able

44



to see all of the submitted bids. However, if proghs have an opportunity to
communicate during an auction (for example, if Burctounds are held over a period of
days or weeks; or if several auctions for cons@wmatontracts are sequenced over a
longer time frame), then they can learn about edlelr’s bidding strategies and have an
opportunity to coordinate their strategies in orlegame the auction. In the most
extreme case, producers might develop side costvéuth allow them to split the
rewards of using a coordinated strategy. “Chedg tafers to pre-play communication
which allows landowners to coordinate their behaviine concern with cheap talk is
that it will facilitate tacit collusion between piers in the auction. On the other hand, it
may be valuable to encourage this type of commtinicdetween farmers, particularly

if benefits are increased when producers coorditheie conservation actions (e.g.
Parkhurst et al., 2002), or if conservation actiaresirreversible and regulators only have

one chance to get it right (Warziniack et al. 2007)

2.5 Research Objectives

Despite the wide body of literature investigatinugtgon theory, gaps still remain
in the realm of conservatiauction theory. While economic experiments hageete
design theory which has been used to guide thdipahase of auctions, there are
limitations to the current body of work. For instanuniform pricing is often omitted
when testing design features other than paymertiadei heory clearly suggests that the
nature of uniform pricing diminishes the incentfee bidders to rent seek. However,
Cason & Gangadharan (2005) demonstrate empirittadiydiscriminatory pricing yields

higher efficiency, but benefits from employing wnih pricing are not acknowledged.
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Therefore, this thesis will test the claims by Ga&Gangadharan (2005) with regards to
payment method.

While budget based auctions are the norm for coatien auctions, there may be
more pressure on governments from the public teymimore specific goals related to
EG&S. This may lead to a higher demand in the disarget based auctions where
governments cannot fall short of their policy godlse theory surrounding this design
feature is limited to Schilizzi & Latacz-LohmanrD@), and it is limited in providing
practical guidance if they are to be implementeckality. This thesis will delve further
into the investigation of target based auctionslamd factors such as payment method,

repeated auctions and reserve prices influenceeHaiency.

2.6 Summary

Many environmental programs today rely on voluntaawticipation by private
landowners or producers in fixed payment or coatialy programs to encourage
environmentally friendly behaviour to procure EG&Bwever, there exists a degree of
information asymmetry between the program authanitg landowners; the authority is
completely unaware of the costs facing producemawide EG&S, and landowners do
not possess knowledge of the value of their sesvacehe preferences of the authority.
This has resulted in relatively low participationdurrent programs, in addition to
economically inefficient programs.

An alternative option to the widely used fixed pant or cost sharing
agreements, are conservation auctions. These résendcurement auctions (or reverse
auctions) in that there is one central buyer antiphe sellers compete for contracts on a

fixed budget. Auctions are typically used whera¢hare no existing prices or markets
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for goods or services. They are essentially priseavery mechanism which makes use
of competition between bidders to reveal the tmieebecause the optimal and efficient
solution is to bid one’s own value. In the contekEG&S, bidders form bids based on
the level of compensation they would like to reeeiv return for their services. They
must face tradeoffs between increasing their bishéfe a profit or being included in the
auction at all. Likewise to the conventional auctithe optimal or efficient outcome
boils down to revealing the true cost, or valu¢hef good.

Conventional auction theory is evaluated baseRBEM, which states that given a
set of assumptions, all auction institutions willlgl the same level of revenue from trade.
However, given the unique nature of conservatiastians, several assumptions are
violated; thus conventional auction theory showt e used to guide design. Much of
conservation auction theory has been developed @sionomic experiments where
designs are tested and evaluated to see what yieldaost efficient outcomes.
Significant design features to be considered ayenpat method; budget based versus
target based auctions; reserve prices; and infesmand learning. Each feature
contributes to the end efficiency of an auctionvatl as the auctions ability to act as a
cost discovery mechanism.

Based on the literature available for review, emnation auctions pose a vibrant
method to be used in the case of wetland restorafioey are becoming increasingly
more popular globally. For example, Australia laplemented them for a number of
environmental projects ranging from habitat rehtgtibn to soil conservation; the US

has used auctions for soil conservation in the @RiPare also used under state
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jurisdiction for water/irrigation rights; there aso upcoming use in Scotland and

Germany for habitat rehabilitation programs.
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Chapter 3 Determination of Wetland Restoration Costs

3.1 Introduction

The literature describing and empirically evalngtihe economic cost of
wetlands on producers/landowners almost exclusidedls with the United States. The
general consensus of the studies was that wetldmdsleed impose a cost to producers.
The costs however, were not consistent acrossestuitie to the highly variable and
heterogeneous nature of wetlands and their suripgrhvironments. A summary of the

estimated costs are provided in Table 1.

Table 1 Summary of wetland restoration cost studies

Study Location Method Price
Schultz & Taff USA Hedonic price $161/acre (non-
(2008) model eased)
$321/acre
(eased)
Gelso et al. Kansas, USA Production $1.72/acre (low
(2008) model/ dispersal) -
Contingent $15.31/acre
Valuation (high dispersal)
Method
Prato & Hey lllinois, USA Gross production  $874.78/ha
(2006) value loss (corn)
$626.99/ha
(soybeans)
Heimlich (1994) USA Empirical $48/acre (prairie
analysis pothole region) -
$1193/acre
(Appalachia
region)

Schultz and Taff (2004) employed a hedonic moderrder to evaluate the
implicit price of wetland easements in the Unitedt&s. The intent of their study was to
show that the framework to determine easement patgused at the time was not
correct based on inaccurate methods. In their Hedonaodel, sale prices of agricultural

land was the dependent variable which varied itagefand sale characteristics,
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productivity measure (revenue/acre), wetland charistics (temporary versus
permanent wetlands) and easement characteriséissqe/ersus non-eased). Their goal
was focused on finding the implicit price spectficthe easement which was modeled as
the implicit price of an eased wetland acre mimgsiiplicit price of a non-eased
wetland acre. Schultz and Taff (2004) found thatithplicit price of permanent wetlands
was $161/acre if not eased, and $321/acre if ed$exbe implicit prices indicate that the
presence of non-eased permanent wetlands wouldatecthe sale price of agricultural
land by $161/acre, and $321/acre for land with avets which are eased. The authors
conclude that the implicit cost of an easement $d)/acre (difference between eased
and non-eased wetlands). In order to put thisérctintext of this study, $160/acre would
be the unit cost of a wetland. However this esalintonly takes into consideration the
opportunity cost of selling land. It does not takeectly into consideration nuisance costs
associated with having wetlands present on landelremthey are indirectly accounted
for in the opportunity cost.

Gelso et al. (2008) developed a conceptual framlewtih a production model
under uncertainty to derive the implicit cost oftl@ads, and tested it with data collected
via a Contingent Valuation (CV) survey. In the aurth conceptual model, the certainty
equivalent of the gain from converting all wetlatndsipland habitat was used to derive
the implicit cost; where uncertainty was held ia tlturns from wetland and upland
acreage dependent on random amounts of precipitdielso et al. (2008) felt that
wetland costs were a product of the number of wd#an a given area, their size, and

their dispersion in a given area. These factorewssumed to fluctuate in response to
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the amount of hydration. They also included addaidillage costs resulting from
wetlands as a measure of nuisance costs.

In the conceptual model, Gelso et al. (2008) stimt there is a positive
relationship between wetland dispersion (i.e. tiniper of wetland areas) and costs
However, there was an ambiguous affect to costs regards to the frequency of
wetlands and their size. The authors claim thatithdue to the fact that there is a
negative correlation between lowland (i.e. wetlasa) upland productivity. In the event
of a wet season, the upland area will be highlylpative, but the lowland area will have
excessive moisture, more wetland acreage, andwikss productive. Conversely, when
there is a dry season, the lowland area will belpcbve, because it will have
manageable levels of moisture and smaller wetlanebge, while the upland area will
suffer and be less productive (Gelso et al. 2008¢se conclusions were subsequently
validated with their survey data and tobit regr@ssnodels.

In the survey, respondents were required to ananarored-open ended
guestions regarding their Willingness To Pay (Wid™ent land with a certain number
(given as % of landbase) of either seasonal/tempoargpermanent wetlands (given by
number of years they would be hydrated out of lpwhe knowledge that land without
wetlands would cost $35/acre. The authors estaalishe perceived cost of wetlands to
be the difference between the response in $/act&3B/acre. The average WTP
responses ranged from $16/acre to $31/acre degeadithe wetland scenario given.
The predicted costs from the tobit model yieldezl¢bst to range from $1.72/acre

(temporary, low dispersal wetlands) to $15.31/dpegmanent, high dispersal wetlands).
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Heimlich (1994) investigated the cost of a wetla@skrve program costs based
on permanent easement payments. The easement gaymeza composed of
opportunity costs and cost of wetland restorat{®oportunity costs were estimated as the
discountedr(= 7.5% (Economic Research Service)) net returaisvtlould be lost if a
given area was eased. The cost of wetland resiaratas based on previous location
specific projects in the United States. Restoratimsts ranged from $48/acre (prairie
pothole region) to $1193/acre (Appalachia regibt®imlich (1994) designated areas
suitable for wetland restoration based on soil tye stated that areas with hydric soils
(soils which are saturated or flooded in their waited condition) are a key identifying
feature for wetlands, and would most likely be areiere wetlands previously existed.
By combining the suitable areas with easementestghates, Heimlich (1994) was able
to estimate the cost of easing land for the intentif wetland restoration with simulation
methods.

Heimlich (1994) carried out different empiricaledyses to emulate different
easement program enrolment conditions (e.g. less$f national pool, regional pool;
proportional enrolment) for 3 different easememeage goals (1, 2.5, and 5 million
acres eased). Heimlich (1994) found that the least total cost to establish a reserve
size of 1 million acres would be $194 to $286 muillj giving an average cost of $194 to
$286/acre, and a marginal cost of $310 to $457/&uceeasing the total reserve size
subsequently increased the cost of the progranplig 82% (Heimlich 1994). Heimlich
(1994) also established that a national pool feokmnent would be more cost effective

than having several regional pools. This is méstiyi because some areas in the country

19_east cost assumes that easements would be paiddwvest enroliment to highest enrollment costlunt
the reserve target was reached (Heimlich 1994).
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would be more expensive than others, thereforer@g@nal pool they would be selected,
while in a national pool they would be overlook&tis would reduce costs while still
maintaining the overall reserve area.

Prato & Hey (2006) estimated the economic impé&etailand restoration in
lllinois using the Impact Modeling for PLANing (IMFAN) model to estimate changes
in the output of corn and soybeans in the projezd asing average crop yields (by soill
type), and crop acreage and corn and soybean pniddéiaois for 1999 and 2000. The
decrease in gross value of crop production fromamdtrestoration was $874.78/ha for
corn and $626.99/ha for soybeans. The economicdtapeere first estimated on an
annual basis for a 20 year period (2000 — 2019)tlaea converted to a net present value
using a discount rate of 3%. They found that wetlestoration would have a negative
economic impact on corn and soybean producergnmstef total output ($826,412 and
$640,552 respectively), farm income ($191,067 a2@B$728 respectively), and
employment for both corn and soybean producers.

The opportunity costs of wetlands and the costseatfand restoration are multi-
faceted; they will reflect current and future conthityp markets, individual
characteristics, and the particular landscape beongidered and are subject to change
given the environmental conditions. Therefore césts one region may not be
applicable to another. Given this fact, this chaptdl investigate the cost of wetlands
and wetland restoration for a specific region im&#a, the South Tobacco Creek
Watershed (STC) in Manitoba, Canada, by combinatgad economic data with

hydrological data.
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This chapter will summarize work completed torastie the cost of wetland
restoration in the South Tobacco Creek Watershédiainitoba, Canada. The
combination of existing hydrologic modeling andfarm economic data in the
watershed allowed for accurate estimates of thisdasing producers with respect to
wetland restoration. The research presented ircttapter partly includes work

completed by other researchers.

3.2 Wetland Restoration Scenarios

In order to accurately evaluate producer costseawitonmental benefits
associated with wetland restoration, it was necggsdirst identify suitable areas for
wetland restoration in STC. This information wasyided by Yang et al. (2008)who
used GIS functions and Lidar Digital Elevation Md@OEM) to estimate potential
wetland surface areas that had been lost in thersfegd. The DEM was used to identify
depression cells, or locations of low elevatiortloafields, which would be likely
locations for wetlands to occur. This informatioassthen used to generate depression
polygons with areas from 0.1 to 7.0 acres. Thesasaare consistent with the size range
for Ducks Unlimited Canada (DUC) wetland restonatiwojects in the watershed
(personal communication, Yang, W., 2009). Thesemal wetland restoration sites
were linked by GIS with producers’ field boundaraesl ownership data provided by the
DWSMA'.

Four different wetland restoration scenarios weeated to represent different
levels of restoration of the potential wetlandshie study area. The scenarios were based

on 100%, 50%, 25%, and 12.5% restoration of theves$land area (scenarios 1, 2, 3,

M Details regarding the wetland restoration scesariay be found in Yang et al. (2008).
12\Wetlands were only classified based on size anokimer characteristic.
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and 4 respectively). Each of the scenarios bel@nd 0% level involved spatial random
selection of wetlands from the higher restoratmrel. This was done in order to

maintain an equal distribution of wetlands amorgphoducers in the watershed; in some
cases this involved the exclusion of a fractiomveflands on each producer’s property
(Yang et al. 2008). As well, this was done to eaghat a maximum number of

producers would be engaged in the analysis of @ygtgprogram options. The random
sampling was done such that the resulting samplésamed wetlands less than 100%
involved as many of the original producers as gaesirhis method of sampling the
100% drained wetlands to develop the other threea@s does not necessarily predict
the actual pattern of restoration that would odouhe STC watershed.

In each scenario, it was assumed that each produoeéd restore all potential
wetlands selected under each scenario and woulthpagssociated total costs for this
action. The differences between each wetland simeass depicted in Figure 4. Scenario
1 yielded the maximum number of restored wetlandis 963 water bodies distributed
between all 36 producers in the watershed. Imgh®aining scenarios a given producer
would restore either the same number of wetlandssst Wetlands which were excluded
in one scenario would continue to be excludedHerremaining scenarios. If a producer
was excluded (i.e. could restore no wetlands)preaious scenario, they would continue
to be excluded for all proceeding scenarios. Sulsstoscenarios had smaller wetland
counts and total restored wetland acreages whiclkesmonded to the percent of wetland

restoration described for each scenario.
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Figure 4 Wetland restoration scenarios in the Soutffobacco Creek watershed with restored wetland
areas of (1) 2.71% (100%); (2) 1.32% (50%); (3) 0% (25%); and (4) 0.35% (12.5% of the total
watershed area [source: Yang et al. 2008]

Estimates of environmental benefits arising frontlavel restoration were also
developed by Yang et al. (2008) using a SWAT moteé SWAT model is a process
based watershed model that assesses the impactdoflanagement practices on water,
sediment, nutrients and other agricultural chemygatls in a watershed with varying
soils, land use, and management conditions or gedtime . The main inputs into the

model are weather, soil properties, topographyetatgpn, and land management
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practices for simulating hydrologic and water quygtirocesses (including flow,
sediment, crop growth, and nutrient cycling) in@eavshed at a daily time step (Arnold
et al., 1998; Neitsch et al., 2005).

The model can be used to evaluate predictive simsnasing alternative input
data such as climate, land cover change and langrastices, runoff, sediment and
nutrient yields measured at the producer levethis study, wetland restoration scenarios
were included into the SWAT model to predict itkeet on hydrologic and water quality
processes in STC.

Environmental benefits considered in this studyenrenoff reduction and
abatement of sediment, nitrogen and phosphorousr@ath wetland scenario. The
benefits of wetland restoration are a functionhaf quality of land and hydrology in the
localized drainage area. Land characteristics affgthe performance of wetland
restoration include slope, soil type, and surfaea af the wetland and drainage areas
respectively (Yang & Weersink 2004). As nutrierddang into Lake Winnipeg is of
major concern in the Manitoba, nutrient abatemesyecifically phosphorus abatement —

was considered for detailed analysis in this study.

3.4 Wetland Restoration Descriptive Statistics

Across the scenarios, the majority of wetlandsevgttuated on private land
(approximately 85%), while the rest were locatedmwn land. In this study we are
strictly concerned with the cost of wetland restiorato private landowners, thus those
wetlands located on crown land were excluded frioenanalysis.

Table 2 provides information regarding the fourdiated wetland restoration

scenarios. Wetlands less than 0.1 acres were eectcludm analysis in order to remain
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consistent with the wetland size distribution fdAd© wetland restoration projects in
Manitoba (Yang, personal communication, 2009). fean size of restored wetlands in
the STC watershed was roughly the same size fdr ®=enario, ranging between 0.463
acres and 0.494 acres. However, the total restoetldnd acreage decreases for each

scenario according to the percent restoration.

Table 2 Wetland restoration simulation scenario degiptive statistics in South Tobacco Creek

Total

No. of No. of Mean

Standard  wetland
. Producers wetlands wetland -
Scenario . . Deviation acreage
required to be size 10 be

to restore  restored (acres)
restored
1 36 963 0.494 0.022 475.92
2 34 481 0.486 0.028 233.92
3 31 249 0.486 0.042 120.99
4 30 130 0.463 0.053 60.16

Table 3 describes the environmental outcomes (fusediment abatement, and
nitrogen and phosphorus abatement) resulting frettewd restoration as determined
from the SWAT model. In Scenario 1 (100% restorgtia total of 1374 kg of
phosphorus per year would be abated with resteradioan average of 38.17 kg/year per
producer. The actual amount of phosphorus abatedgtéand could not be explicitly
determined because these measurements were takencaitlet of each farm and the
total decrease could not be linked back to indiglduetlands. Scenarios involving
restoration less than 100% resulted in the prowisiofewer environmental benefits since

fewer wetlands were created.
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Table 3 Environmental reductions as a result of wédnd restoration simulation scenarios in South
Tobacco Creek

Scenario Runoff Sediment TN TP
10*'mly kgly kgly kgly
1 Sum 72.364 1047748 5504 1374
Mean* 2.01 29104.11 152.89 38.17
(S.D.) (2.41) (33035.60) (196.41) (44.79)
2 Sum 37.997 582115 2991 759
Mean 1.12 17121.03 87.97 22.32
(S.D.) (1.29) (18849.28) (108.68) (24.85)
3 Sum 19.478 295593 1808 451
Mean 0.61 9237.28 56.50 14.09
(S.D.) (0.67) (9662.65) (64.97) (14.58)
4 Sum 14.91 228257 1415 348
Mean 0.53 8152.04 50.54 12.43
(S.D.) (0.59) (8704.08) (57.87) (13.40)

* Mean per producer assuming complete restoration of all potential wetlands
respectful of scenario

Depending on the physical environment, some we$ldrade greater potential to
provide different EG&S, therefore some wetlandsadoie to abate phosphorus more
effectively than others. Aggregated up to the poedusome producers will be more
influential than others in terms of the amount ofrient abatement they could provide.
This will also influence how cost effective produsare in providing EG&S in the
watershed. Therefore, any program designed to pedeG&S from producers should
acknowledge this heterogeneous nature of abatesoeghtt those producers who provide

EG&S cost effectively are favoured over others.

3.5 Costs

The following section describes the framework ugedetermine the costs to
producers for wetland restoratfdnThe cost functions are estimated and derived in
Boxall et al. (2008). The total cost of restoringigen wetland for a specific producer is

comprised of both direct and indirect elementse&licosts were the actual restoration

13 Restoration costs were deflated to 2004Cdn$ (CB3:8) in order to remain consistent with the other
cost estimations; restoration cost was then $14@u88 administrative costs were distributed between
wetlands for a producer and then CPI adjusted.
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costs associated with the construction and restoraf wetlands; while indirect costs are
the opportunity costs of the land to be converted tvetland from reduced output, and
the nuisance cost associated with maneuvering magharound the restored wetland.

Figure 5 provides an overview of these costs witherdetailed descriptions provided

below.
TOTAL COST
of wetland
restoration
P [ ]
Opportunity Nuisance Restoration
Costs Costs Costs
A
[ 1 )
Administration Construction
Costs Costs
-

Figure 5 Breakdown of the total cost of wetland résration into opportunity, nuisance, and
restoration costs

3.5.1 Restoration Cost

The direct restoration cost is the one time cosesforing a wetland, including
administrative and physical construction costse€&ticosts were based upon estimates
provided by DUC (Andrews, R., personal communicat008) where a wetland
restoration project typically costs about $500/pcoj- $343.02 per producer for
administration and $156.98 per wetland for restonafThese costs are based on wetland
restoration being carried out by plugging existinginage ditches. Administrative costs
consider consultation and logistics, and constonctiosts involve machinery rental and

labour. The restoration cost was considered tofbe=d cost per acre per producer, while
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the administration cost was a fixed cost for eacidpcer regardless of the number of

wetlands they could restore.

3.5.2 Opportunity Cost

The opportunity cost of wetland restoration wasraef as the foregone income
due to lost productive area from a baseline pracBcoadly speaking Opportunity Cost
(OC) is the difference in net income resulting fronmthawed restoration, which is defined
as the following equation:

OC =net_incomg,,, — net_iNncome,,..4»

wherenet_incomgyseis the baseline level of income in the originaeavith no
restoration imposed; amet_inCOM@etangiS the net income produced after the wetland
restoration scenario has been applied.

The baseline level of net income was establishedyuseld functions which
were developed by Boxall et al. (2008). Yield fuons were based upon historic land
use, soil and climate data provided by DSWCA fer pleriod 1991-2006. The yield
models, based on crop yields over this period, wabsequently used to forecast
foregone yields over a 12 year future rotation {22018).Yield functions were applied
to each producer and each field specific to cre tp generate producer specific and

field specific costs. The linear yield model usegiovided in Equation 3

GS |'( GS \'lz 2 2
+ ¢ +@N+ON" +9. P+ ¢ P +¢ Pest+¢,5C
GDD '3LGDDJ i - oo o oE oo

K:ﬂ+%

a2
+0,,SC2+ ¢, NoTill + ¢, Continuous + ¢ ,legume + Z . D. +e,

j=1

Equation 3 Source: Boxall et al. 2008
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whereYi = yield of cropi (bushels per acre), g= constdB§/GDD= weather variable,
SCk soil class dummy variables for Regosols and BuisirespectivelyN andP =
nitrogen and phosphorous applications (kg/ha/y®a3t= pesticide application index,
NoTill = 1 if zero till was employed and 0 otherwi€mntinuous= 1 if crop type was the
same in two consecutive yeakegume= 1 if legumes were planted the previous year,
andDj = dummy variables for each producer in the datanwy variables are given for

each producer in order to account for heterogemeityween farms.

Table 4 Example of projected rotations for 12 year$or producer 33 on fields 128, 129, 130, and 131

Field 1 2 3 4 5 6 7 8 9 10 11 12
(Rotation)

128 forage barley canolé wheat barley forage forage forage forage forage forage forage
(Forage)

129 oats canola wheatwheat flax wheat wheat canolaoats wheatflax  barley
(continuous crop)

130 wheat wheat canolé oats oats wheal wheat wheat canol: wheat oats wheat
(continuous crop)

131 canola barley wheat canola wheatoats canola wheatwheat canola wheat wheat

(continuous crop)

A 12 year projection period was selected in ordeadcount for three cereal
rotations, or a full forage cycle of seven conseeuyears followed by a cereal/oilseed
rotation. An example of a projected rotation isyided in Table 4. Additional
considerations were made for the yield functionféwage rotations as forage improves
soil characteristics like aeration and water hajdsapacity. The forage model also
includes the indirect benefits of boosting the dsebf subsequent crops cultivated after
forage (Entz et al, 1995). When this is coupledhwhie yield functions and other
information, the producer income derived for edeldfwas calculated for the projected
time period. This land use data was combined vails slata from the ‘Manitoba Soil
Database (AAFC, 2002) including soil class, soitiee, and slope, and climate data

including temperature and precipitation obtainexify Environment Canada (2005,
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2007), for the meteorological station at Miami d&a, Manitoba.. Information on crop
prices for crops and forage were obtained as ay&é@r-average from 1994-2003, to
reduce the effect of year-to-year price variati®nces for crops were obtained from SAF
(2003) and for forage from personal communicatiath \Bumach (2007). Boxall et al.
(2008) provides more details.

Fields that historically were in pasture were asstimo remain in pasture during
the forecast period. The net revenue from pastaeestimated by multiplying the
number of animals the pasture could carry by theimmam number of days the pasture
could be grazed. Potential wetlands on pasturerdaagincur economic benefits (i.e.
negative opportunity costs due to reducing inpgtir@ments). However, wetlands
restored on pasture may incur an added cost llimgf watering devices and fences to
keep livestock away from restored wetlands.

Imposing the potential wetland boundaries as detetnby Yang et al. (2008)
reduces the productive area for future years. Aimase of the net income loss from this
reduction in acreage could be generated by comipifigure 4 with regression equations
in for each year until 2018. The difference in imebme was then disaggregated to an
opportunity cost per wetland. It was also assurhatgroducers would not alter their
rotations after the establishment of wetlands. tbite of this income forgone, discounted
at 10% over the 12 year period (Section 3.5.4) ipes/an estimate of the opportunity
costs of the wetland restored by wetland for eaolyxcer.

Fencing and Watering Costs
The restoration of wetlands in pasture areas requadditional considerations.

Wetland restoration on pasture results in net bisnefther than costs because the land
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requires fewer inputs, such as fertilizers. Howetlere may be additional costs for
certain producers grazing cattle on pasture who imstgll fences or watering devices
after restoring wetlands to better manage thettecanhd land (personal communication,
Hutton, 2008). Therefore, the costs of purchasingrcing and/or offsite waterers for
livestock were included as part of wetland restoratosts on pasture fields.

The decision for installing fencing was based ugi@npermanency of wetlands in
pasture fields. Wetlands less than 1-2 acres awgvaed to be transitional wetlands that
dry up in the summer season (Hutton, D., persooralncunication, 2008). If wetlands are
not permanent, producers may still allow cattlgraze in that area without being fenced.
We therefore assume that only wetlands greaterdharacre in surface area will be
fenced. Wetlands were also assumed to be cirqulsinape. The total cost of fencing was
therefore calculated by multiplying the unit pridfefencing by the circumference of the
wetland. The total cost of fencing was assumecdt@ddD4 CDN$ 1.97 per meter (SAF,
2007). To find an annual cost for fencing, costsendepreciated over 20 years at a rate
of 3.5%. We also assumed an annual repair ratéoof\2AFRI, 2008a).

In addition to fencing, producers may install atesvaterers for livestock in
order to provide a location other than the wetltordivestock to obtain water. A
producer will install a watering device on a fiétis cattle have to walk more than a
mile to the next field on his property (Hutton, personal communication, 2008). In
some cases producers will be able to share watemsoag fields. When a producer does
not have a shared pasture field less than a miégy @lose enough to share a waterer, but
the wetlands on the field are located close tac#reer of the field, a waterer would not

be installed as cattle are as likely to spreadratdbe field and evenly graze, which is
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not the case when the wetland is at the edge dfetig®. Table 5 shows the assumptions
used in estimating waterer costs and which produfiiawhat criteria.

Table 5 Producer assumptions for installing waterig devices

Assumption Number of
Producers
Affected

Producer shares watering device with other pasture 2

fields less than a mile away

Producer installs a watering device because he 2
does not own a pasture less than a mile away and
the wetland is at the edge of the field

Producer does not install a watering device 4
because he has a wetland close to the center of the
field

The annual cost for the waterer on a pasture ingldides the amortized fixed
cost as well as repair. The cost was divided betvlee numbers of relevant wetlands,
depending on how fields share the watering devibe.total cost of a watering device
was assumed to be $ 6,552 amortized over 20 yeargage of 3.5% and a repair rate of

2% (MAFRI, 2008a).

3.5.2 Nuisance Costs

Nuisance costs arise from the increased costs finameuvering machinery
around restored wetlands (Cortus 2005; Desjard@8;1Accutrak Systems Ltd. 1991;
and Aldabagh & Beer 1975). Cortus (2005) conduatsanulation analysis investigating
the effect nuisance costs have on the decisioraio @etlands and found that nuisance
costs increased the amount of land which wouldrbadd by 4 ha for a farm consisting

of 8 quarter sections. Likewise, an additional 8oalld be drained for a farm consisting

14 We identified four producers who would not instatitering devices on isolated fields: 4, 24, 26 and
103.
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of 16 quarter sections. Therefore, it is importantonsider nuisance costs as an indirect
private cost to landowners.

Estimates of nuisance costs for this study werg@tadarom Cortus (2005) who
estimated nuisance cost based on farm size, nuohlnetlands present, and machinery
operating costs. We used his formula and paramiteestimating nuisance costs:

Nuisance Cost = Nuisance Factor * Machinery OpeargtCosts
The nuisance factor represents the percent increasachinery operating costs from the
presence of wetlands than the case where thereaketlands (Cortus 2005). It is
determined by the number of wetlands present amal $&ze (number of quarter sections)
where farm size is a proxy to estimate machineglément siz€. A larger farm size
implies larger machinery implement size which resird higher nuisance costs. It was
assumed that nuisance factors would increase @stant rate with respect to increasing

farm size and increasing numbers of wetlands awrsh Table 6.

Table 6 Wetland nuisance factors increasing at cotemt rate with respect to increasing farm size and
increasing number of wetlands (Source: Cortus 2005)

Number of Farm Size (number of quarter sections)

Wetlands 4 8 12 16 20

1-3 8.0% 9.5% 11.0% 12.5% 14.0%
4-6 9.5% 11.0% 12.5% 14.0% 15.5%
7-9 11.0% 12.5% 14.0% 15.5% 17.0%
>9 12.5% 14.0% 15.5% 17.0% 18.5%

Machinery operating costs (e.g. fuel) were derifiggdeach crop type in a given

rotation year based on MAFRI (2004) crop budgetacivne operating costs were not

!> The nuisance factor was estimated at the farni.levether words, the nuisance factor was deteeahin
by the number of wetlands present on the entima &8 opposed to wetlands present on individualdiel
While it would be more accurate to disaggregatdamds to the field level in order to account foatgl
concentration of wetlands, this model does not tat@account spatial considerations. Nuisancescost
were assumed to be $0 on pasture fields, as theie associated machinery operating costs. Itsgestied
that if spatial recognition was included in thesauwice cost model nuisance costs would escalate
significantly.
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specific to each producer, but were specific todgpe. Therefore, nuisance costs
depend on where a producer is in his rotation.

An example of this calculation for two fields betmmg to Producer 4 is presented
in Table 7. The nuisance factor for producer 4 % as their farm is made of 8 quarter
sections and 11 potential wetlands were presethieil 00% restoration scenario.
Nuisance costs in Table 7 are given in $/acre.ctmiae the individual nuisance cost for
a wetland one would multiply the wetland acreagéh@ynuisance cost per acre.

Table 7 An example of nuisance cost calculationsrf@ fields for a producer in STC

Producer 4
Field 2007 2008
ID Rotation Operating Nuisance Nuisance Rotation Operating Nuisance Nuisance
Cost/acre Factor Cost/acre Cost Factor Cost/acre
276 Canola 17.6 12.5% 2.46 Wheat 17.15 12.5% 2.40
349 Forage 12.82 12.5% 1.79 Forage 12.82 12.5% 1.79

3.5.3 Discounting

The opportunity and nuisance costs were discouattadl0% interest rate. This
rate is commonly used in agricultural finance &tere (Unterschultz, personal
communication, 2008). Discounting is a common pcadh economics in order to
account for differences in time preference of moaeyss time periods. An annualized
cost was estimated to capture per year costs. Aunadized cost differs from an annual
cost in that it takes into account discounting asrie time period. Restoration costs
were not discounted because they are a one-timenipfost.

The total costs of restoration were calculatecbtswis:

nct
12 i
= +m)t’

t
TC, = RC + ¥i2, —

=1 1+t
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where TC is the total costfRCis restoration cos©QC is opportunity costNC is nuisance
cost,r is the interest rate (10%)is time, and is a given wetland. This represents the

cost to restore an individual wetland

3.6 Wetland Restoration Cost Results

This section presents descriptive results of s of wetland restoration in the
STC. Only Scenario 1 is considered for the remaionfiéhe analysis, as the subsequent
scenarios are linear transformations of the firke evaluation of the costs associated
with wetland restoration is provided at two differéevels of aggregation: at the wetland
level, and at the producer level. These two diffetevels of aggregation allow for the

expression of different perspectives with respecetétland restoration costs.

Total Costs

Table 8 provides mean values of wetland restoratomts on a wetland basis. The
average restoration cost was approximately $16Ginet which is less than the DUC
estimated cost of restoration (including administeaand construction costs) which was
$500/wetland. This is because our estimate comlihreesestoration of multiple wetlands
at one time; therefore the restoration cost woeldfread between wetlands located on a
single producer’s property. The average opporturost was $295/wetland, although the
range of opportunity costs is very large. In somges producers would actually accrue
negative opportunity costs, or benefits. This osaunere wetlands were located on
pasture or forage fields because taking land opta@duction would actually decrease
input use, and fences and waterers would not hérest] The average nuisance cost

arising from wetland restoration was $7.50/wetlarfte summation of all cost
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components gives an average total cost of $461etl@md or $1147.07/acre. The
average annualized cost was $67.77/year or $16@8%4acre. The large range of
variation in all costs presented in Table 8 isfeection of the high variation in wetland
sizes with a range of almost 9.0 acres as welkteybgeneity among producers and their

operations.
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Table 8 Breakdown of the average costs of wetlanestoration by wetland in South Tobacco Creek

Restoration Cost Opportunity Cost Nuisance Cost Total Cost Total Cost/ Annualized Cost Annualized

Acre Cost/Acre
Mean 158.81 295.44 7.52 461.77 1147.07 67.77 168.35
Median 152.33 178.36 4.65 337.64 1141.55 4955 167.54
S.D. 25.86 436.61 11.11 458.14 337.14 67.24 49.48
Minimum 147.28 -60.08 0.00 99.09 104.13 14.54 15.28
Maximum 467.96 5065.22 142.85 5507.54 2420.70 808.30 355.27

Table 9 Average cost of wetland restoration per prducer in the South Tobacco Creek

Restoration Opportunity Nuisance Total Cost Annualized

Cost Cost Cost Cost
Mean 4248.11 7902.99 201.21 12,352.31 1812.87
Median 4063.97 6030.20 156.50 9282.69 1362.36
S.D. 4475.78 9778.16 278.64 14373.52 2109.51
Minimum 467.96 169.26 2.84 641.79 94.19
Maximum 24,561.97 53,065.08 1587.95 79,215.00 11,625.86

Table 10 Descriptive statistics for environmentalmprovements (restored wetland acres and phosphorowhatement) at the producer level (100%
Restoration Scenario)

Total Cost  Annualized Total Annualized kg P Total kg P .
Cost Wetland Cost Cost/ abated abated (12 Total Cost  Annualized
Acres /Total kgP ~ Cost/kgP
/Acre Acre Iyr yrs)
Mean 12,352.31 1812.87 13.22  1066.70 156.55 38.17 458 32.49 57.22
Median 9282.69 1362.36 10.58  1007.93 147.93 29.5 354 26.50 46.67
S.D. 14373.52 2109.51 17.12 302.15 44.34 44.79 537.53 18.51 32.59
Min 641.79 94.19 0.27 662.45 97.22 1 12 9.44 16.63

Max 79,215.00 11,625.86 98.39 2420.70 355.27 261 3132 105.17 185.22




The average cost by producers in the STC is $12335% $1812.87 annualized per year.
Restoration costs represent the largest propoatidime total costs at 66% followed by
opportunity costs at 33%, and nuisance costs aiFl§tre 6). The small contribution of
nuisance costs is contrary to the opinion helddogpcers who perceive nuisance costs to be
very high. Cortus (2005) also had a similar resiilere nuisance costs were between 2.5% and
3.5% of the total variable costs depending on ibe af the farm and the assumption used for
calculating the nuisance factor. The small contrdyuof nuisance costs could be due to the fact
that machinery operating costs are a small podidotal operating costs. It is suspected that if
spatial concentration were included in the nuisarost model, these costs would probably make

up a larger portion of the costs.

Nuisance Cost
1%

Opportunity Cost
33%

Restoration Cost
66%

Figure 6 Breakdown of total cost of wetland restortion in South Tobacco Creek based on mean estimated
costs
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Indirect costs contributed 34% of the total coatsrig producers. This fact has important
implications for policy makers, as it is often ol direct costs of wetland restoration that
could be compensated (e.g. NFSP program). Thes$e a@smore likely to be compensated
because they are directly known to the producerexadt numbers can be attributed to the
restoration cost. The indirect costs may not baatsly known by the producer and are
certainly less known to the policy maker. Howewaatjons should be taken to understand these
costs seeing as they contribute more than a thitldeocosts for wetland restoration.

The derived cost information was integrated with éimvironmental benefit information
in order to understand the cost of phosphorus atmtedelivered through wetland restoration.
In order to be comparable with the total cost estenwhich was summed over 12 years,
phosphorus abatement was also summed over 12siaaesthe measurement was given in
kg/year. Table 10 shows costs with respect to EGS8cifically wetland acreage and nutrient
abatement, that were derived from wetland restmati the STC. The average cost per acre was
$1066.70/acre, or $156.55/acre/year. Average aimeabhbatement cost of phosphorous was
$57.22/kglyr, with a range of $16.63/kg/yr to $23kg/yr. This table illustrates significant
heterogeneity between producers in terms of césttefe provision of nutrient abatement,
suggesting spatial targeting of wetland restoratvonld be valuable from a benefit cost
perspective.

The subsequent scenarios with less than 100% a¢istoeffectually decreased the total
cost of restoration for producers. This is becabsenumber of wetlands producers would be
restoring was declining. However, the abatemeneéfitecost ratio (where benefit is either
wetland acres or kg P) was increasing over theast®) indicating that abatement is actually

becoming more expensive for the producer becagseblenefits are being provided at the
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aggregated level. In other words, the cost of eaattand remains the same but the overall

benefit being provided by the producer is declining

Wetland Restoration Total Cost Curves

Total cost and marginal cost curves for wetlantbrasion acres and phosphorous
abatement are shown in Figure 7 and Figure 8 bddased on ranking the cost data by producer
for all 36 producers in the watershed. Using theltoost function, one can determine the
wetland area or total phosphorus abatement thad d@uachieved from a particular budget. For
example, with a budget of approximately $100,00@hdy 110 wetland acres could be restored
on the farms of 21 producers. Considering the aberté total cost function, $100,000 translates

into approximately 4000 kg of P abated.
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Figure 7 Total cost and average cost curve for rested wetland acres by producer in the STC
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Figure 8 Total cost and average cost curve for kghmsphorus abated from wetland restoration by produer
in the STC

Wetland Restoration Policy Relevant Cost Curves

An important economic concept is the marginal cos®upplying goods and services.
The marginal cost is the incremental cost of insirgathe supply of wetlands by one unit. From
a policy perspective, it is important to supply deaf the marginal cost is less than the marginal
benefit, i.e. if the benefits of the next unit puodd exceed the costs. Thus in determining the
optimal number of wetlands to restore, the margboats are important information. In agri-
environmental policy development, knowledge oféaenomic supply function for EG&S is
commonly unknown since opportunity costs are pewatormation held by producers.

Given the cost estimates we were able to develtipyp@levant cost functions for
wetland restoration in either “acre-space” (quandftacres supplied at a given cost or price) or
“abatement-space” (quantity of phosphorous abateswgplied for a given cost or price). Since

we estimated these using constant returns to dbalee average costs can be considered
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marginal costs as well. Figure 7 shows the cae@ated with supplying restored acres and
Figure 8 shows the costs associated with phosplatrated (kg). Each point in these functions
represents the costs borne by an individual pradac8TC. This cost curve suggests that the
majority of the wetland acres could be restoredufmter $1500 per acre. Implementing the full
100% restoration scenario is expensive primarilgabse of the high cost group. Note that extra
cost required to achieve complete wetland restamatiersus 400 acres. Moving from 200 acres
to 400 acres increases the cost by less than $€@0/hereas moving from 400 to 500 acres
the cost increases by more than $2000/acre. Omittiese high cost individuals and working
only with the lower cost producers would likely aolre cost effective restoration. A similar

pattern and story emerges in the supply curve showbatement space in Figure 8.

Value of Spatial Targeting

Figure 9 and Figure 10 below suggest the bendfisictions and of spatial targeting of
wetlands to improve the environmental benefitsestoration relative to costs. We can illustrate
this by examining Producer 17. Consider Figurer8dRcer 17 is a relatively high cost producer
in terms of restoring wetlands. In procuring wetlaervices, then, we may not want all
producers to restore 100% of their wetlands, by arfew of the ‘cheap’ wetlands (remember
that each producer’s location on the supply cuhens their wetland cost per acre, i.e., the cost
of adding an additional wetland). Based on Figyrérdducer 17 could be assumed to be
relatively cost ineffective at supplying wetlandt@ation as most of their wetlands are high
cost. On the other hand, examining Figure 10,aamesee that Producer 17 is actually very
efficient considering environmental benefits paeacather than just acreage. This is a result of
heterogeneity between producers. There is an aputrto take advantage of this heterogeneity

in order to pay least cost for the desired envirental outcome through targeting. If this trait is
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not addressed there is potential that paymentdistrébuted to relatively “undesirable”
producers, in that they appear to have low codtsnbnelation to EG&S, they are actually more

expensive.
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Figure 9 Average Costs of Wetland Restoration in Sh Tobacco Creek showing costs for for Producer 17
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Figure 10 Average Costs of Phosphorous Abatementrf8outh Tobacco Creek Producers showing costs for
Producer 17

With the knowledge of costs and benefits of wetlegstoration, one can estimate the
potential budget that could have been spent ut@eNESP framework addressed in Chapter 2.
Under the NFSP, applications for wetland restoretédl under Category 21 (Enhancing
Wildlife Habitat and Biodiversity) and 28 (Biodivg@ty Enhancement Planning). Under these
categories, applicants may receive 50% of thetoragon cost (administration and construction
costs) in compensation up to a total of $20,00@ &s$timated budget and associated
environmental improvements are presented in Tabldhis table presents the estimated budget
for wetland restoration, as well as for other BM&stimated in Boxall et al. 2008) as a point of
comparison. Since the NFSP only covered restoratists, and opportunity costs could not be
accounted for, the resulting budget is only capablgaying 18 of the cheapest producers their

full costs to restore wetlands. In comparison i other BMPs, wetland restoration is a viable
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option in terms of cost per environmental benéfdawever, $161/acre is still less than the
marginal cost curve presented in Figure 7. Thiddemne to believe that this program did not
provide sufficient compensation for producersgast with respect to wetland restoration. This
scarcity in funds could be a reason why the adoptte of BMPs in Manitoba was only 36%. In
addition, there would be no guarantee that EG&S hesisg provided since the program was not
targeted and cost and abatement heterogeneity avdsken into account. These observations
confirm that cost-sharing agreements for EG&S fropoducers are not likely adequate policy
instruments.

Table 11 NFSP estimated for BMPs in STC [source fasther BMPs: Boxall et al. 2008]

BMP Number of Estimated Available Estimated
affected total costs of Budget reduction of
producers  100% (NFS pollutants with
in STC adoption over Payments) 100% adoption

10 years
Riparian area 6 $294,884 $100,434 P -69.9 kg
managementl N — 275 kg
Sediment —55.1 t
Holding ponds® 12 $112,462 $56,231 P -73.85 kg

(~$57/head) N -416.26 kg
Sediment — 28.47 t
Zero-till 36 $1,444,175 $433,253 Not yet available
(~$94/acre)

Forage 36 $2,860,727 $858,218 Not yet available
conversion (~$62/acre)
Wetland 36 $444,683.10 $76,466.03 P — 1374 kg
Restoration (adoption over (~$161/acre) N —5504 kg

12) Sediment — 1048 t

. Riparian areas only fall within the farms of 6 puodrs in the watershed
2 Only 12 of the 36 producers had livestock in 2006 would be eligible for constructing a holding don

3.7 Summary

Four different wetland restoration scenarios watereated in the STC Watershed using
hydrologic GIS modeling techniques to identify pdtal wetland restoration locations as well as

their size. Environmental improvements based ooffipotential and nutrient abatement, were
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also estimated but only phosphorus abatement wasdsryed here. There is potential to restore
476 acres of wetlands in the watershed would a##@&6 producers in the watershed. This level
of restoration would generate 1374 kg of phosphahasement per year.

The wetland restoration data was then mergedavittarm economic data from the STC
watershed to estimate the costs associated witlaweetestoration. The costs were comprised of
three components: the direct cost of restoratind,the indirect opportunity and nuisance costs
from restoration. The integration of this dataa#al for an accurate estimate of the costs that
producers in the STC watershed would face if theyewo restore wetlands on their land.

Cost curves for wetland restoration were constaitd understand the cost relationships.
It was found that a large portion of the potentiatlands could be restored at relatively low cost,
roughly $1000/acre for 12 years of restoration. Glete 100% restoration is also not an
advisable policy goal because a majority of wettacah be restored with a relatively low
budget. In order to include the last few acresestaration, these costs increase significantly.

Producers were heterogeneous in costs and suppbnod EG&S which makes some
producers more influential if they were to restaetlands than others. Programs should be
designed to take advantage of the fact that soodupers can provide a large quantity of EG&S
at relatively low cost. The heterogeneity in proglucosts does not support the use of fixed
payment of cost sharing schemes proposed in mgsbamental programs in agriculture, as no
one payment would be sufficient to restore therer®@iTC watershed. Auctions provide an
opportunity for all producers to name their owniuaual price they would require to recover
the costs associated with restoration. Having actethe detailed cost and environmental data
for the STC watershed provides a unique opportunitgst and design conservation auctions

specific to the area as well as practice.
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Chapter 4 Budget Based Auctions

4.1 Research Questions

There are relatively few studies investigating/canmpy auction design and their effects
on performance in the context of conservation aasti While there have been numerous studies
investigating auction design in contexts such &a3ury, electricity, or spectrum auctions, their
findings may not be directly applicable to consénraauctions because of differences in the
market framework. This portion of the study willastigate the effect of two different payment
rules (discriminatory and uniform!®price) and two different ranking rules (maximizeverage
(acres) and maximize phosphorus (kg phosphorug@pain budget based auctions with

repeated periods. The respective hypotheses fee lssues are presented in Table 12.

Table 12 Budget based auction hypotheses

Treatment Hypothesis

Payment Rule a) Uniform payments will out-perform
discriminatory payments in terms of
efficiency and cost effectiveness

b) Uniform payments will be more reliable as
a price discovery mechanism
Repeated Auction Rules Learning will occur under repeated auction
rounds and it will lead to reduced auction
efficiency and cost effectiveness.

There is some debate in the conservation auctierature as to which payment type is
superior between discriminatory and uniform payreehheory cited in the conservation auction
literature indicates that the structure of unifggayments has the ability to induce participants to
bid their costs (Latacz-Lohmann & Schilizzi 200590n & Gangadharan 2004, 2005). Cason &
Gangadharan (2004, 2005) explored the effect afryimethod on auction outcome efficiency
and cost effectiveness on fixed budget auctions @@ repeated auction periods. They found

that discriminatory pricing was the superior precimule in terms of cost effectiveness, but not
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superior in terms of the ability to reveal the costve. This conclusion has lead to many studies
using discriminatory payments without considering éffectiveness of the uniform payment
approach (e.g. Cummings et al. 2004, Schilizzi &akca-Lohmann 2007). We propose the
following hypotheses related to the pricing rule:

A) Uniform payments will out-perform discriminatopayments in terms of efficiency

and cost effectiveness. This is because the rektregeunder discriminatory
payments will be greater than the uniform paymeetermined in the auction.

B) Uniform payments will also be more reliable gzi@e discovery mechanism.

Cason & Gangadharan (2004, 2005), Schilizzi & Latagchmann (2007) and Cummings
et al. (2004) have all investigated the effectsepleated auction periods and its effect on auction
performance over time using experimental auctidhese authors all found that with time
auction performance deteriorates. Hailu & Schili2005) also found that learning over time has
a negative effect on auction performance in thgand based model. Since some auction
programs have implemented multiple auction sign{eps CRP) it is important to understand
how it affects participant learning and subsequeaatiction efficiency and cost effectiveness.
The hypothesis is that learning will occur undgre&ted auction rounds and that learning will be
expressed differently between the two payment rules

An important challenge of implementing auctionsoisliscriminate offers so that the
cheapest environmental benefits are selected Tin&.selection rule allows the discrimination of
bids based on the amount of environmental berafitedividual is providing. Under each
selection rule, maximize coverage and maximize phosis abatement, bids are ordered by $
per environmental benefit from low to high and ddfare selected until a budget is exhausted.

One of the important environmental benefit goatamted with wetland restoration is to

81



increase nutrient abatement capabilities. Howardhe absence of detailed hydrologic
information, this is difficult to quantify changesabatement and therefore not ideal as a bid
ranking metric. Acquiring this information may alse expensive and difficult to collect in a
short period of time. Restored wetland acres aseeeto measure and may potentially act as a
proxy for phosphorus abatement. This study wilb afs/estigate if ranking bids by restored

wetland acres (maximize coverage) will act as &sent proxy for phosphorus abatement.

4.2 Auction Design

Table 13Experimental Design for Testing Wetland RestoratiorAuctions in South Tobacco Creek

Treatment Discriminatory Uniform
Maximize Coverage 2 3
Maximize kg 2 3

Phosphorus Abated

In total, 10 experiments with 15 periods each voemapleted (Table 133, The
treatments were the maximize coverage bid rankitegwith discriminatory or uniform payment
rule (now referred to as MCD and MCU respectively)he maximize phosphorus abatement
bid ranking rule with discriminatory or uniform pagnt rule (now referred to as MPD and
MPU).

These are induced value experiments where eadkiparit was provided with farm
parameter information for one farm from the STQnirparameters displayed were the total
cost, environmental benefit, and the cost/enviramaidenefit. The environmental benefit was
dependent on the bid ranking rule treatment: asneler maximize coverage, or kg P under
maximize phosphorus abatement. The specific uhitseoenvironmental benefit were not

disclosed. Participants were not provided with iinfation regarding other farms in the

16 Additional repetitions were run for the discrimiogy treatment but were not included due to datapizations
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experiment. The amount of information presentelb¥ed the approaches used by Boxall et al.
(2008). Each experimental session also contaireddme level of information. Those
individuals who were accepted in the auctions veseimed to restore 100% of their wetlands

and pay all of the associated costs dictated imgbpective farm parameters.

4.2.1 Auction Costs and Budget Determination

The estimated costs presented in Chapter 2 wecdktagest the ability of different
auctions to act as a cost discovery mechanism difficult to determine the actual efficiency of
auctions without comparison to a benchmark. Fonmgte, the efficiency gains of 700% from
auctions over fixed price programs described byé&tam et al. (2003) are difficult to prove in
the absence knowledge of the underlying cost civiamy experimental studies utilize a
hypothetical cost function (Cason & Gangadharam2@005; Cason et al. 2003; Cummings et
al. 2004). This present study allowed us to tepbliyeses generated from experimental and
empirical literature in the STC context where théerlying cost function was generated from
actual producer costs.

Twelve farms were selected from the sample of &hddn the experiments They were
selected so that the distribution of costs givenh@yshape of the cost curve was represented in
the auction experimerifs This was done by taking the proportional distiitwi in quartiles of
the entire distribution. The costs were not distednalso to remain consistent with Boxall et al.
(2008), so that future comparisons may be drawwdst the studies. It was not necessary to
include the discounted cost estimates since itm@® important to represent the shape of the

cost curve. The cost parameters used are preseniatlle 14.

" Twelve producer costs were used in order to remmaiisistent with the experiments presented in Betal.
(2008).

181t was important to keep the shape of the undeglgupply curve in order to reflect the inherertehegeneity as
well as to capture bidding behavioural effects gltre curve.
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Table 14 Farm parameters used in budget based experental auctions

Participant Total Cost Wetland kg P

I.D. Acres Abated

1 1,210.17 0.73 6
2 15,233.79 10.68 64
3 7,429.50 5.38 47
4 8,004.15 5.49 38
5 3,015.41 1.61 14
6 8,900.46 4.90 51
7 735.36 0.21 3
8 15,192.80 11.23 83
9 4,433.93 2.78 16
10 9,747.98 6.15 57
11 38,956.29 22.43 71
12 11,577.47 10.38 50
Total 124,437.31 81.97 500

The budget used for the experiments reflects winatiavhave actually been paid by the
NFSP (e.g. Boxall et al., 2008). We used the NF&Rybt that would have been allocated to
producers for them to restore all wetlands on theperty (i.e. Scenario 1)as the total amount of
money that would be willing to be spent by the gaweent for a wetland restoration program. A
budget based on this calculation (see Sectionvag)estimated based on all costs borne by the
12 producer costs (e.g. opportunity, nuisance rastbration costs). This provided a budget cap
of $62,218.65.

In the experiments, the costs and budget wereddalen by a factor of 100. This was

done so that the numbers would be more comprehlenayithe participants.

4.2.2 Auction Procedure

The experiments were computer based using Z-Triéease (Fischbacher 2007) and
were conducted in university computer labs. Eadhtiam consisted of 12 participants and one
system operator acting as the auctioneer/buyeomdarvation services. Each experiment was

scheduled to last for an hour maximum, but usdalijed an average 45 minutes.
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Participants in the auction experiments were undeligate and graduate students, as well
as employees of the University of Alberta. Theyeveelected from an online database created
using ORSEE software (Greiner 2004). Participargsevable to sign up for experiments
multiple times; however, only once per treatmetidgnt participants have also been used in
studies conducted by Cason et al. (2003), Casorm&g&dharan (2004, 2005), Latacz-Lohmann
& Schilizzi (2007) and Boxall et al. (2008). Itassumed that students would behave and make
similar decisions as a rational profit maximizingity.

Participants were provided instructions for thétiasa PowerPoint presentation.
Students were shown the ranking strategies anahgmales, so they would have an
understanding of the auction mechanism. They wiseeslhown how the outcomes of the
experiment would translate into their cash paymi@atticipants were required to read the
instructions on their own and were permitted to gs&stions throughout the duration of the
experiment.

The experimental auction involved 15 independentian periods and one practice
round. The practice round was used to give pagitdipa chance to become familiar with their
farm parameters as well as give them a risk-fremch to become familiar with the auction
mechanism. Each round was 60 seconds (or ledsbiial were submitted prior to) and 15
seconds were permitted to see the results of tttoau On the results screen participants were
informed if they had been selected in the auctionad, as well as their payment, net income,
and cash profit if they were selected. Participargse not aware of who else was accepted in the
auction or the cutoff price at the end of each tbun

At the completion of the 15 periods, participantrevgiven their cash payment earned

from the experiment. In order for the experimentbé incentive compatible for participants, the
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cash payment was reflective of the decisions ahdweur in the auction. Profit is accrued in

each round based on Equation 4.

Equation 4
. payment—cost))
Profit = $1 + (—x ,

wherepaymenis the payment received in the auctioostis the total cost for that produceris

a conversion factor used to relate net incomedbstec cash terms, arfll represents base
income. The conversion factor is also used asladanake payments fair for participants by
limiting the cash payment for participants who werawn farm parameters with a high chance
of winning in the auction. This conversion factasanot revealed to participants; however, they
were aware that it was being used in their payroeltulation. The profit from each round was
summed to give the end payment to participantsigh cParticipants also received a $5.00 show-
up fee. The maximum cash allowance given to paditis was $35 including their show-up fee.

The cap on the cash allowance was put in placbudgetary purposes.

4.2.3 Econometric Analysis

Three market performance metrics, based on theselaped and used by Cason et al.
(2003) and Cason & Gagadharan (2004, 2005), wéreaed in order to evaluate the
effectiveness of the auction designs. These wer@thportion of Maximum Outcome Realized
(PMOR), Proportion of Optimal Cost Effectivenessaikeed (POCER), and Percent rent
generated (PRENT) The PMOR and POCER measure are specific to théng treatment
where the maximum acres were used in the Max Cgeerase, and the maximum kg P abated

was used in the Max P case. PMOR was defined as:

¥ PMOR was based on the P-MAR measure (Percent gilen Abatement Realized) established by Cason &
Gangadharan (2004, 2005), which was the amountlbftipn abatement realized from the auction as@entage
of the maximum that would have been achieved bytlation budget. The term has been altered forsthidy from
abatemento outcomein order to accommodate maximizing both abateraéphosphorus and accumulation of
wetland acres with the auction mechanism.
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outcome achieved;

PMOR =

maximum expected outcome ’

wherei is period. Using the fixed auction budget as astramt, the maximum for both acres and
kg P abated was calculated with the Solver addzokage in Excel 2003 assuming that the
successive producers of the set of 12 would betbaid costs. With a fixed budget of $62,219 a
maximum of 332 kg P could be abated and 45.94 adregtlands would be restored.

Cason & Gangadharan (2004, 2005) defined the PO@GE&iRc as “the actual quantity of
abatement per dollar spent in the auction, as @eptage of the quantity of abatement per dollar
spent (unit/$) in the ‘maximal abatement’ solutig@ason & Gangadharan 2005) described

above. The measurement was defined as such:

(outcome achieved/b daet t)
udget spent )/,

maximum outcome/f d ] d’
unds require

POCER =

for every auction period Funds requiredefers to the amount of money required to reaeh th
maximum outcome assuming cost minimization, whileget spentefers to the amount of
money spent in the auction to achieve the outcdris. measure directly takes into account the
level of resources used in the auction (Cason &jadharan 2005). This is useful to assess the
effectiveness of auction mechanisms presumingatihatbjective would be to maximize
outcomes per dollar spent (Cason & Gangadharan)28@ain, this measure was estimated
specific to each ranking treatment taking into acdtdoth kg P abated and wetland acres
accumulated (similar to the estimation of PMOR).

Lastly, the rent or profit accumulated for prodwscfar each auction was also used to
assess the auction mechanism. This was defindeeagititional payments made to producers
above what it should have cost if the producersvpard their costs rather than the auction

derived payment. This measure is used to assesbeaviibe budget is being inefficiently used as
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profit for producers instead of being used to bwrerenvironmental benefits. This was

calculated as:

Rent; = Z payments; — Z actual costs;

i i

Rent;

oRent = [— L
oren Y. payments;

] «100%

Econometric Model

Cason & Gangadharan (2005) employed a panel ggreshodel with a random effects
error structure, with the experimental sessionaggnting the random effect for both auction
efficiency measures. The random effects error gtraovas applied on the session in order to
account for the correlation of market outcomes withsession (Cason & Gangadharan 2005, pp
61). Cason & Gangadharan (2005) separated thenahking rules and conducted two
independent sets of regressions. In this presedy stll treatments were considered in one
regression for each measure with dummy variablestifying the treatment.

The econometric models used in this study to deter the effect of auction design on
auction efficiency are as follows:

PMOR

POCER = a + p,Coverage;; + f,Uniform, + B3CovUni;y + Byln(period;;)
PRENT

+ Bs In(period;;) * Uniform;, + €; + W;
Similar to Cason & Gangadharan (2005), it was agsltiat auction outcomes were a
function of the experimental treatments imposedtarderiod of the experimental session

(recall that there were 15 periods in each experiai@uction).
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Table 15 provides a description and rationale &mhevariable. Additional demographic
data was collected from participants but was netlus the analysis. While individual
participant traits, such as risk attitudes or eigmee, may have some influence on the over
auction outcome, individual effects are difficudtibdex to the aggregated session level of

evaluation.

Table 15 Description of variables used in the empital analysis of budget constraint auctions

Variable Description

Coverage;; Dummy variable for bid
ranking rule; where 1=max
coverage, and O=max
phosphorus abatement

Uniform,, Dummy variable for payment
rule; where 1=uniform
payment, and
O=discriminatory payment

CovUni;; Interaction term of bid
ranking and payment rule

In(period;;) Represents time trend for
each session

In(period;;) * Uniform;; Interaction term of time trend

and payment rule

The dataset used for the analysis was in paneldmwithi representing the experiment
session (of which there were 10) anihdexing the 15 auction periods. An OLS panel@sgion
was employed with a random effects error structwitly individual specific effects with respect
to the auction session. The random effects modelnass that variationg;, between sessions
are random and uncorrelated with the independerdhias. The error term is composed of two
elements: a time invariant paut, and the remainder which is uncorrelated over tepe
(Verbeek 2004). The unobserved characteristics (slgattitudes, experience, group
combination) in each session are then controlle@g$suming that they do not change over time.

The alternative fixed effects model assumes that invariant characteristics are unique to one
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entity (e.g. session). Since the independent tresitivariables do not vary across the session,

fixed effects may be ruled dit

4.3 Results and Discussion

The following section provides a summary of resoltthe data collected from the
budget based experiment conservation auctionsiledcabove. Two main themes are
investigated in this section: the auctions’ abitayeproduce the supply curve and cost
effectiveness/efficiency. General results and peggalession analysis will be summarized, in
addition to providing a comparison with the studieaducted by Cason & Gangadharan (2004,

2005).

4.3.1 Descriptive Statistics

In total, 10 experiments with 15 periods each voer@pleted. In order to evaluate the
experimental results, the expected (or baselinefj@auresults were estimated using the greedy
algorithm. This is an algorithm which finds the lgdgd optimum solution by making locally
optimal choice$- In this case, the approach selects winners bas@dicing and ranking rules
until the budget is exhausted, assuming that iddifis place bids equal to their costs (Boxall et
al. 2008). Assuming that participants bid theirtspwe have an idea of what the most efficient
outcome from the auction could be, and this infdromaprovides a basis for comparison with
the experimental auctions. These results are surpedan Table 16 for each auction treatment

(e.g. MCD, MCU, MPD, and MPU).

% Note, a Hausman test to determine the appropgageof random or fixed effects could not be conaplétecause
the independent treatment variables were time iamBacross session.

2L An example of a greedy algorithm is the “make cfedproblem, where one attempts to make changethéth
fewest number of coins.
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Table 16 Expected auction results for each treatmemstimated using the greedy algorithm

Maximize Coverage Maximize kg P Abated

Discriminatory ~ Uniform | Discriminatory  Uniform
Total Acres 43.16 37.66 35.49 33.88
Total kg P Abated 282 244 296 282
Auction Total Cost ($) 57437.71 54880.80 53500.46 60738.90
Real Cost ($) 57437.71 49433.56 53500.46 50485.05
Seller Profit ($) 0 5447.23 0 10253.84
$/Acre 1346.85 1457.15 1588.54 1541.92
$/kg P 198.73  202.67 187.77  215.39

Based on these predictions, auctions under discatoiy payments are expected to
perform better than uniform payment auctions besafigreater cost effectiveness since a
proportion of the budget goes towards seller pgafitthe uniform case. However, this result
relies on the assumption that individuals wouldtbieir costs in a one shot auction under both
payment rules. In practice, auction performance waay because of the tendency of participants
to seek rents and learn over repeated auctionsciedly under discriminatory payments.

Table 17 shows the relative performance of the exm@atal auctions given as the
percentage of the expected restltShe experimental outcomes were averaged ovésall
periods for each treatment. Since multiple perade provide opportunities for participants to
learn, this may influence outcome results. Theeetorerages were also calculated over groups
of 5 periods (e.g. 1-5, 6-10, and 11-15) in ordesigsess how the outcomes changed in each
treatment and if they were influenced by repeatietst Table 26 and 27 show the relative

performance as well as the actual auction outcoreeages in the Appendix.

% Tables summarizing the actual average resultprangded in Appendix
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Table 17 Means of percentage differences in varioymerformance measures between the auction and exped
results generated using the greedy algorithm.

Mean of the Differences
Maximize Coverage Bid Selection Rule

Discriminatory (N=30) Uniform (N=45)
Periods 1-5 6-10 11-15 1-15 1-5 6-10 11-15 1-15
Total Acres 3.82 -14.23 -12.37 -7.60 -0.80 -2.15 -3.66 -2.20
Total P
Abated -3.09 -10.07 -11.38 -8.18 1.89 -1.75 -1.89 -0.58
Budget Spent -8.86 -2.94 -2.62 -4.80 -5.32 0.80 -2.92 -2.48
Actual Cost 9.71 -9.05 -10.66 -3.33 2.42 -1.67 -2.84 -0.69
Seller Profit* n/a n/a n/a n/a -75.61 23.21 -3.67 -39.03
$/acre -13.26 11.82 9.80 1.79 -4.55 3.02 0.80 -0.27
$/kg P -3.61 10.62 12.63 6.26 3.13 13.86 9.81 8.86

Maximize Phosphorus Abated Bid Selection Rule

Discriminatory (N=30) Uniform (N=45)
Periods 1-5 6-10 11-15 1-15 1-5 6-10 11-15 1-15
Total Acres -3.97 -9.10 -9.41 -7.50 12.43 0.44 -3.98 2.95
Total P
Abated -14.16 -19.09 -16.86 -16.70 -0.83 -5.18 -4.40 -3.47
Budget Spent 1.07 3.16 6.78 3.67 -6.67 -5.13 -5.61 -5.80
Actual Cost -5.66 -14.22 -13.59 -11.16 12.69 -0.56 -4.46 2.56
Seller Profit* n/a n/a n/a n/a -102.00 -27.60 -11.31 -46.97
$/acre -0.13 7.70 11.85 6.34 -3.47 9.83 1431 6.38
$/kg P 13.33 22.72 23.62 19.80 -5.89 0.05 -1.28 -2.42

*relative seller profit for discriminatory payments could not be determined since it was expected to be 0 if bids were equal to costs
(See Table 16).

The quantities of P abated were closer to the eéggddevels in the uniform treatments.
MPD performed the worst as it recovered the smiglescentage of the expected amount of kg
P. Here MPD is clearly out-performed by its unifocounterpart, as well as by MCD. MCU
realizes the fewest kg P abated. However this iiall;me with the fact that this treatment was not
expected to perform well in terms of actual unitaloatement because the objective was to
maximize acres. MPU was able to acquire the highmstunt of abatement across the entire 15
rounds, thus outperforming MPD, which was expetbegttain the highest level of abatement.
Using the Tamhane’s T2 test for unequal variang#d,) was found to be significantly higher
than MCU (p-value = 0.002) and MPD (p-value = 0)0&4ounds 6-10, and also significantly

higher than MCU (p-value = 0.027) in rounds 11-15.
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Generally speaking, the costs per unit measures almve the predicted price (Table
17); in other words the auctions were less cosictiffe than expected assuming bids equaled
actual costs, where cost effectiveness refersatonan price per unit of outcome (e.g. wetland
acre or kg of P abated) in the auction. The diso@tory treatments yielded relatively higher
dollar per unit measures than predicted comparédgetaniform treatments. While the MC
treatments were relatively cost effective in adggiacres, this was not translated into cost
effectiveness in terms of kg P abated. This hasigatpons if acres are to be used as a proxy for
P abatement because there is less certainty ¢ébbof abatement that could be acquired from
the auction. This was also true for the MP treatisian that they were less cost effective in
terms of acres. However, this is less importartescoverage is meant to act as a proxy for
abatement.

MP treatments had significantly higher $/acre (ptga= 0.00) than the MC treatments.
This was expected since the MP treatments are niarmgrphosphorus abatement not acres.
There was no significant difference found betweddvand MCU or between MPD and MPU
suggesting that the two payment types were equaisheffectiveness in terms of $/acre. There
was also no significant change in the mean $/acee the 15 periods for any treatment.

In general, the $/kg P cost was lower in the fikst periods. An interesting trend is that
in the discriminatory treatments $/kg P would irms® over the 15 periods, while in the uniform
treatments $/kg P would decrease over the laspivids; although only periods 1-5 in MPD
were significantly lower than the other groupin@ser all 15 periods, $/kg P was significantly
higher in MPD than MPU (p-value=0.00). Specificaltyis was found over periods 11-15.

Since the experimental results did not exactly etheapredicted auction results, it is

speculated that this may be attributed to indivisimat bidding their costs, and more specifically
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raising their bids to seek rents. Generally, sqtefit is increasing over time, with the exception
of MCU. The increases were not statistically sigaifit. There was also higher variance in the
first 5 periods. This may be an indication thattipggrants are still learning the auction
mechanisms and testing different bidding strategitesinstance, in MCD it is obvious that the
within the first 5 periods people were more likedybid below their costs or were testing
extreme bid values. There was an individual in BI&D session that was drastically under-
bidding their costs out of a lack of understandthe auction mechanism. After those periods
their bidding patterns changed and negative rezkisg was no longer apparent. As the
treatment continued, the variance of bids tightenegfjesting that individuals were learning
their optimal bid strategy and were less likelyest extreme bidd The MPD treatment had
higher mean levels of seller profit than the otineatments over each group of periods. Over all
15 periods only MPD was significantly higher thal€®l (p-value = 0.00). This is most likely
due to the fact that negative rent seeking was ipi@ealent in MCD. Considering the groupings
of periods, MPD was significantly higher in peridd4.0 with MCD (p-value = 0.1) and in
periods 11-15 with MCU (p-value = 0.00) using themhane’s T2 test for unequal variances.
The mean value of seller profit for period 11-13M@&U was significantly lower than both MPD

and MPU (p-value = 0.00)

4.3.2 Revealing the Cost Curve

An important function of the auction is its ability be used as a cost discovery
mechanism where the costs of conservation are unknbhe conditions under uniform
payments have more potential to reveal costs tismichinatory payments, as established in

Chapter 2. However, the ability of both paymenucires to act as a cost discovery mechanism

% This is not to say that extreme bids were noetebly participants. The raw data indicates thaethere
individuals who were still playing with bid valudspwever on average they were more stable.
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is influenced by the prevalence of rent seekin@riixing the degree of rent seeking provides an
indication of how well an auction can reproducesbpply curve. In the previous sub-section,
rent referred to the additional payment above tig# of adoption. While this measure provides
some insight into the overall cost effectivenesthefauction, it does not provide substantial
information about cost discovery because it onlystiers those individuals who receive a
payment; therefore it does not capture the bidtelgaviour of all participants. Another aspect

of rent is veiled in the actual bids submitted, just payments.
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Figure 11 and Figure 12 present the relationsbtpvéen bids offered and actual costs for
each farm represented under discriminatory andumipayments respectively. In the
discriminatory treatments (both MCD and MPD) 85.6£the bids submitted were above costs,
while only 57.3% of bids were above costs in théasm case. We would expect fewer
individuals to exhibit rent seeking behaviour ie tmiform treatments. However, according to
Figure 12 there were specific farms, namely theitvast expensive farms (the last two farms on
the line), who exhibited high rent seeking behawittus possible that these farms had little
chance of being selected in the auction and thexefere submitting bogus bids to pass the time
in the experiment. This is also evident in Figutefdr the last point on the line. There was also a
high incidence of individuals (30) submitting biolslow their costs in the uniform case. Bidders
were also slightly more likely to place bids equmatosts in the uniform case, 12.6%, than in the
discriminatory case, 7.76%. Cason & Gangadhara@5Reonsidered a similar figure to
compare payment types in their stiadsor! Reference source not found. They found that
99% of bids were above costs in the discriminat@ase; while in the uniform case 64% were
above costs. There were also an abundance of eidw lzosts in uniform, however the

frequency was not provided.
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Figure 11 Relationship between bids offered in magoverage and max P abatement auctions and actualrfa
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Figure 12 Relationship between bids offered in magoverage and max P abatement auctions and actualrfa
costs under uniform payments
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Figure 13 and Figure 14 present the average redealpply curve generated for each

treatment (i.e. MCD, MCU, MPD, and MPU) over all @&riods. This was done by taking the

average bid level for every farm represented oltdrSaperiods. The average discriminatory

revealed curve fell above the actual cost curvecatohg rent seeking. This is consistent with the

theory presented in Section 2.4.1 which predictsement seeking under discriminatory

payments. The uniform curve tended to fall belowdltual cost curve. This follows from the

observation that 30% of individuals bid below theasts (Figure 12).
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Figure 13 Comparison of average revealed cost curselerived from discriminatory and uniform payments

with the actual cost curve for the max coverage bidanking rule over all 15 periods
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Figure 14 Comparison of average revealed cost curselerived from discriminatory and uniform payments
with the actual cost curve for the max P abated bidanking rule over all 15 periods

Again, because of the potential for bidders torearer the 15 periods, it is beneficial to
consider the evolution of the auction cost curvedghout the duration of the experiment.
Therefore bids were averaged over periods 1-5,,&i@ 11-15. Figure 15 and Figure 16 present
the evolution of the revealed cost curve for MCId 8PD; the two discriminatory payment
treatments. The MCD revealed cost curve is relbtigldse to the actual cost curve over periods
1-5 and progressively moves upward over the remgipéeriods indicating a higher frequency of
rent seeking. This shows that participants wereguhe information gained at the end of each
period to adjust their bid in order to maximizefrd his behaviour resembles that which was
described by Hailu & Schilizzi (2005) in their agdéased model to investigate learning. In the
MPD treatment the distinct upward movement of thesaled cost curve is not as apparent, but it
is clear that participants were able to learn smalar fashion exhibited in MCD. An interesting

observation is that in periods 11-15 the curvdnsoat an exact parallel shift above the actual
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cost curve.

4500

4000 X

3500

3000 -

2500

$/Acre

2000

1500 3! . f‘—(/..‘

1000

500

O T T T T T T T T
0 10 20 30 40 50 60 70 80

Acres

—pr— Period 1-5 o= Period 6-10 —>- Period 11-15 —@-— Real

Figure 15 Comparison of mean revealed cost curverfperiods 1-5, 6-10, and 11-15 under discriminatory
payments compared with the actual max coverage costirve
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Figure 16 Comparison of mean revealed cost curverfperiods 1-5, 6-10, and 11-15 under discriminatory
payments compared with the actual max P abatemenbst curve
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Figure 17 and Figure 18 show the average reveasidcarves for MCU and MPU
respectively. In the MCU treatment, the revealest carves are almost entirely below the actual
cost curve. This suggests that individuals chosedease their probability of being selected in
the auction by lowering their bid in anticipatidrat the uniform payment would be sufficient to
cover their costs. Similarly, In MPU individuals rmeealso willing to bid below their costs. It is
suspected that the position of a farm along theahciost curve will also influence bidding
strategies (Figure 11 and Figure 12). There is sevidence that leads us to believe that
individuals who lie on the lower portion of the toarve below the marginal bidder, are likely to
behave in a way to maximize profit. This occursause they are able to learn that they can

provide EG&S at relatively low cost and therefoeeréd room to shade their costs.
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Figure 17 Comparison of mean revealed cost curverfperiods 1-5, 6-10, and 11-15 under uniform paymes
compared with the actual max coverage cost curve
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Figure 18 Comparison of mean revealed cost curverfperiods 1-5, 6-10, and 11-15 under uniform paymes
compared with the actual max P abatement cost curve

In the discriminatory treatment, bids were abov&tg;owhile in the uniform treatment bids were
below costs to ensure a payment. Despite biddifm\beosts, participants were still profitable
(on average) given that there was positive rent gedable 17. The same trend of cost
misrepresentation was found by Cason et al. (2@®@&n participants had information of their
own quality.

Finally, those farms that lie above the marghidtier tended to submit very large bids,
suggesting bogus bids, knowing that they have am@hto win in the auction. The alternative
choice was to not participate which was also moegaent for those subjects who had high

costs of providing environmental benefits.
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4.3.3 Cost Efficiency

This section will provide the results of the mar&#iciency measures described in
Section 4.1.1: PMOR, POCER, and PRENT. Figure Btvsltthe average PMOR measure over
15 periods for both payment types in each bid ragpkicenario. The discriminatory payments
yield higher PMOR estimates 8 out of 15 periodsaximize coverage. However, uniform was
more stable sitting around 80% of the optimal. Bematory is notably higher in the first 3
periods because of poor performance from one iddali which was addressed above. Since
this participant was undercutting their costs, nmommey was left on the table to acquire more
acres in these periods. Disregarding these peribddjighest level of PMOR achieved under
discriminatory payments was 96% in period 11, ve&206 of the optimal under uniform in
period 4. The lowest achieved PMOR for discrimimaimayments was 68% in period 4, versus
76.6% in periods 5, 10, 11, and 12% in uniform.

Figure 20 shows the mean level of POCER over thegetiods for discriminatory and
uniform payments in both max coverage and max giarsis abatement bid ranking systems.
Disregarding the first three periods in the maxarage case, the measurements of POCER for
discriminatory and uniform payments are relativebse in range as well as in stability of the
measurement. Employingtdest for unequal variances, no significant differe was found
between the two payment types (p-value = 0.26)l¢elktg the first 3 periods). Therefore, on
average discriminatory and uniform payments aregofal cost effectiveness at least in terms of
maximizing coverage.

The POCER estimate is consistently higher unddotmipayments than discriminatory
for all periods under the maximizing phosphorugat@nt treatments. Both curves are also

somewhat stable with discriminatory lying clos@®t8 and uniform holding around 0.9. These
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estimates were found to be significantly differgmvalue = 0.00) using a t-test assuming

unequal variances.
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Figure 19 Average PMOR values per period under dgiminatory and uniform payments for maximize
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4.3.4 Econometric Analysis

Regression analysis of the data was conducted SSiIAJ A 11.0. The estimation results
for the models described are presented in Tablénl8tal five variations the models presented
in Section 4.1.4 were estimated. Descriptive dtetisuggested that the auction outcomes of one
of the MCD treatments were influenced by a singlgipipant submitting very low bids.
Therefore, additional models excluding the “badfipas from that session, or excluding the
entire session (columns 2 and 3 of Table 18) wstienated to investigate if that session skewed
the regression results. Given our previous hypethes$ learning occurring in the first few
periods of the auction, we tested this effect lyregting the models excluding periods 1-3 and
1-5 from all of the sessions (columns 4 and 5 dfl@4.8).

Autocorrelation was found in the estimation for FERCand PRENT using the
Wooldridge test for serial correlation (p-valuesgOTherefore, to address this issue these
models were re-estimated with robust standard rvanich according to Stata, are robust to
autocorrelation and heteroskedasticity (Stata Liogial-Data/Panel-Data Reference Manual,

Release 11, p.464). Autocorrelation was not founithé estimation of PMOR.
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Table 18 Results of panel regression, with randonffects error structure, for PMOR, POCER, and PRENT

All Data Exclude Exclude Exclude Exclude
Period 1-3 Session 1 Periods 1- Periods
from 3 1-5
Session 1
PMOR
Coverage;; 0.125*+* 0.092%** 0.094** 0.061* 0.083**
(0.034) (0.032) (0.039) (0.035) (0.038)
Uniform; -0.004 0.041 0.034 0.133** 0.106**
(0.039) (0.036) (0.036) (0.041) (0.042)
CovUni; -0.144%** -0.110*** -0.112** -0.070 -0.096*
(0.044) (0.041) (0.047) (0.045) (0.049)
In(period;,) -0.077*** -0.043*** -0.049*** 0.022* 0.016
(0.013) (0.012) (0.012) (0.012) (0.012)
In(period;,) * Uniform;, 0.010*** 0.005* 0.005** -0.036** -0.019
(0.003) (0.003) (0.003) (0.015) (0.015)
Constant 0.887*** 0.823*** 0.833*** 0.700*** 0.707***
(0.034) (0.032) (0.032) (0.031) (0.032)
N 150 147 135 120 100
RZ .3196 .2146 .2444 .1904 .2319
POCER
Coverage;; 0.151*** 0.120*** 0.133*** 0.087*** 0.095***
(0.01) (0.01) (0.01) (0.01) (0.01)
Uniform;, -0.037 0.002 -0.003 0.057 0.042***
(0.06) (0.05) (0.06) (0.04) (0.03)
CovUni;, -0.108*** -0.077** -0.091*** -0.040** -0.062***
(0.03) (0.03) (0.03) (0.02) (0.02)
In(period;,) -0.106*** -0.076** -0.080** -0.018*** -0.003**
(0.03) (0.03) (0.03) (0.01) (0.00)
In(period;,) * Uniform,;, 0.012* 0.007 0.008 0.001 0.016
(0.01) (0.01) (0.01) (0.02) (0.01)
Constant 1.028*** 0.973*** 0.980*** 0.848*** 0.813***
(0.06) (0.06) (0.06) (0.01) (0.00)
N 150 147 135 120 100
iRZ .4890 .4090 4412 .3567 4482
PRENT
Coverage;; -15.52*** -11.86*** -12.11%** -9.68*** -10.74***
(2.83) (1.08) (1.18) (1.14) (0.83)
Uniform;, 3.01 -1.54 -0.59 -6.48 -4.27
(8.06) (7.43) (7.53) (4.97) (6.22)
CovUni;, 14.06*** 10.40** 10.66** 4.65* 7.72%%*
(4.98) (4.31) (4.30) (2.50) (2.18)
In(period;;) 15.04*** 11.57*** 12.30%** 1.75** 1.54
(3.73) (3.10) (3.28) (0.89) (1.10)
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In(period;,) * Uniform;, -1.04 -0.47 -0.59 1.89 0.21

(0.76) (0.66) (0.67) (2.72) (3.27)
Constant -13.91* -7.46 -8.82 14.18*** 15.61***
(7.44) (6.44) (6.78) (1.79) (1.59)
N 150 147 135 120 100
IRZ .3927 .3035 3176 .2145 .2232

***=gjgnificant at 1 level, **=significant at 5 level, *=significant at 10 level

The constant may be interpreted as the level of RMBDCER, or PRENT that is
achieved in the auction holding all treatments tamts The coefficients show improvement or
deterioration of the measure based on treatmemgjsyeiform versus discriminatory, or max
coverage versus max P abatement), or time (e.qpd)er

Comparing the coefficients in the first 3 columiigre was little difference found
between the original models using all observatigitls the additional models where the bad
periods or entire session were excluded. The conkia PRENT became insignificant when the
data was adjusted for the bad session; meanin@teaything held constant, there was zero
percent rent. The additional treatment coefficiendscate a change in PRENT depending on the
treatment. Since there were no large differencesdsn the models, the original model with all
150 observations will be used for interpretation.

The max coverage treatment tended to produce favoeirable auction outcomes than
max kg P abated for all measures; PMOR was highéd2b%, POCER by 15%, and PRENT
was lower by 16.5%. This is encouraging given that bid ranking system is more readily
applicable to real world auctions due to the lachyarologic models in many Canadian
watersheds. It is possible that the differencewéen the max coverage and max abatement cost
curves may have contributed to this finding.

Based on the original estimation with all obseora, the uniform treatment was not

significant for any measure. Therefore, there wasignificant difference in efficiency between
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the uniform and discriminatory treatments. Howetee, MCU treatment did not perform as
highly as MCD; PMOR was 14% less, POCER 11% las$, RRENT 14% more. However, this
essentially counteracts the effects produced byridve coverage treatment. In this case, it is
possible that the amount of rent seeking underidigtatory payments was not as high as the
additional payments distributed under the uniforeatment.

The negative and significant coefficientlafperiod), for PMOR and POCER suggests
that the auctions were acquiring fewer units ofgpecific objective (e.g. acres and kg P). They
were also becoming less cost effective compardldetonaximum optimal scenario over the
progression of the auction periods; decreasingtasrof 8% and 11% respectively. These rates
of degradation were not as high in the uniformttresnt (7% and 9% respectively). The decrease
in efficiency could be as a result of participacttenging their bids to increase their profit based
on their learned experiences. This is supportethéyositive and significant sign on refiod)
for PRENT, demonstrating that the percentage obtltget spent contributing to participant
profit was increasing by 15% in both uniform andadiminatory treatments. The fact that the
rate of degradation was higher under discriminaparyments is an indication that participants
were learning from the results of the repeatedi@ucbunds and changing their bids to increase
their profit potential. This type of learning wouldt necessarily occur under uniform payments
since individual bids do not determine the levepuaifit.

To examine the effect of potential learning ocitigin the first few periods of the
auction experiment session, periods 1-3 and pefiesisvere excluded from the analysis, to see
if this would have any effect on the regressiomltss After the first 3 periods the constants for
the PMOR and POCER models were positive and sagmfiand decreased by almost 20%. The

constant for PRENT increased by 14% compared tadke where all 15 periods were included.
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This difference may be because the first segmetiteofuction was used to learn the auction
mechanism and what to bid or test rent seekingegfies. This is different than learning the
distribution of costs based on information gathdyetiveen auction rounds. Beyond this horizon,
however, individuals’ bidding appeared to stabilizkerefore the amount of rent being paid to
participants stabilized as well as the amount oédsior kg P gained in the auction. This was not
the case for POCER, where there remains a decgeieimd over time. This may be attributed to
an increasing budgetary outlay, but not the perttettis contributing to rent, thus decreasing
cost effectiveness. However, this effect is vergbifr1.0). This observation may have
implications to administering an auction in thel rearld and the number of bidding or auction
rounds included in the program. Based on this, soraetice rounds may be required for
potential bidders so that they fully understandatetion mechanism as well as learn their own
bid strategy/bid function. While the practice roanday result in increased rent seeking, there
will be a reduction in bidding errors made by pap@ants.

The uniform treatment dummy is also positive aigdifcant for PMOR and POCER,
meaning that the uniform payment treatment is neffieient by 11% and 4% respectively in
acquiring the objective in a cost effective wayislis contrary to the result found by Cason, who
found that the uniform treatment decreased effoye@ason & Gagadharan (2004, 2005)
concluded that this was because winners in a unitarction will always be paid more than their
costs, thus more money is being spent on partitipaxiit rather than purchasing environmental
units. However, relating back to the comment magdediacz-Lohmann & Schilizzi (2005), the
relative cost effectiveness of uniform and discnatory auctions depends on the degree of rent
seeking occurring under discriminatory paymentéson & Gagadharan’s (2004, 2005) case,

there were probably relatively low degrees of maeking. Therefore the uniform auction in their
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study had relatively poor performance; even thoingly document that uniform performed
relatively better as a cost discovery mechanisnthdresults presented in this study, there was a
high degree of rent seeking behaviour under disnatory payments, especially in the MPD
treatment. Based on the results for PRENT, whesetperiods are excluded, the same
proportion of profit was being paid to participantsder both pricing schemes.

These results suggest that the auction resultsifirst five periods were different than
those from the rest of the auction. If these periwdre not distinct, one would not expect to see
changes that were significant. A Chow test forctrtal breaks was also conducted which
indicated that those periods were significantlett#nt. Although theR* values are reduced
between every model, these are still valid obs@matthat require consideration. Based on this
finding, there appears to be an initial learniragstwhere participants are able to develop their
optimal bidding strategy. The more efficient paytmethod also seems to be contingent on the
presence of this stage. Discriminatory payments bgagnore cost effective during this learning
stage as participants have learned the maximunnteixtevhich they can rent seek, and therefore
bidding closer to their costs. Beyond this stagetigipants can begin to make assumptions
about their expected payoff. Under discriminatoaympents this leads to raising bids above
costs, while under uniform payments the optimaltetyy would be to place a bid equal to costs,
or just below costs. This has important implicasi@m the use of conservation auctions to
achieve real policy goals. If multiple auction sigps are anticipated (e.g. CRP), uniform
payments may be more efficient in the long run.

The contrary conclusions between this study andC&sGangadharan (2004, 2005)
also emphasizes that the overall auction framewarkinfluence the comparison of pricing

rules. In Cason & Gangadharan’s (2004, 2005) stilndyexperimental auctions had repeated
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auction periods, each with different cost paransefi@r every period and concealed quality.
Discriminatory pricing would be more cost effectinethis case because participants would not
be able to make assumptions about their expectguffd@ecause their parameters change every
period. The degree of rent seeking would also etdecause they are unaware of their quality
measures. In the present study repeated auctiaesengloyed using the same individual farm
parameters and also the inclusion of quality initamtuto costs. By having the farm parameters
remain the same for every period, a more realsstgmario was provided if repeated sign-ups
were to occur, since farm parameters are likebtay relatively the same. Also, it is anticipated
that participants would have some information oaliy otherwise participation would be low.

In addition, many auctions presented in case sfyghevide some quality information [e.qg.

BushTender (Stoneham et al. 2003), CRP (Reicheld&Boggess 1998)].

4.3.5 Summary

A total of 10 budget based auction experimentewempleted applying four different
auction design treatments: MCD, MCU, MPD and MPUe Experimental auction outcomes
were compared to expected outcomes predicted tisengreedy algorithm. Each bid ranking
rule was proficient in acquiring the specified eonmental unit. Max coverage could be used as
a tool to proxy nutrient abatement, however adveedection would need to be addressed. The
MPD treatment was the most cost-ineffective congbéwethe other treatments; rent seeking was
prevalent which led to a higher cost of acquiringisonmental units thus reducing the amount
of units acquired under the auction.

The discriminatory payment treatments revealed castes that lie above the actual cost
curve, which is consistent with theory. The unifguayment treatments, however, revealed cost

curves that were below the actual cost curve, atthig that individuals were submitting bids

112



below their costs. While this is not the dominarategy predicted by theory, it is still a potehtia
strategy. It is interesting however, that it wasymarevalent in these experiments.

On average, uniform payments had higher leveBRMOR and POCER than
discriminatory payments. These measures were atse stable over the course of the
experiment. Regression analysis demonstrated than wonsidering all 15 auction periods,
there was no significant difference between unifarmd discriminatory payments in terms of
PMOR and POCER. There was also no significant idiffee in PRENT between uniform and
discriminatory payments, therefore the higher payse uniform equated rent seeking in
discriminatory. However, when leaving out the fisgperiods from the analysis, uniform
payments yielded higher PMOR and POCER resultssd findings are contrary to those
published by Cason & Gangadharan (2004, 2005),fetned that the discriminatory payment
structure was more efficient. It is believed theg tonflicting conclusions are due to different
auction design parameters.

Based on the results provided above, the max ageeranking rule could be a sufficient
proxy for maximizing phosphorus abatement wheradlpgical data is difficult to obtain.
According to the descriptive statistics, by maxiimgzcoverage, kg of phosphorus abatement
were able to be acquired cost effectively. Howethas, is also dependent on the relationship
between restored wetland acres and phosphorusadatteMax coverage also had more
efficient and cost effective auction outcomes core@a@o max phosphorus abatement based on
the regression results. This is an interestinglr@su suggests that the differences between the

cost curves can influence how efficient or costefize an auction is.
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Chapter 5 Target Based Auctions

5.1 Research Questions

There is limited research on the subject of tacgestrained conservation auctions to
date. However as resources become more scardgphisf auction could gain popularity to
serve as a tool to achieve EG&S where governmemisat fall short of certain measureable
EG&S goals. Therefore understanding the charatiteyisf budget constrained versus target
constrained auctions is important, particularlgaifget constrained auctions are subject to the
same influences as budget constrained auctiong #relbudget constrained design is applicable
for target constrained auctions. This chapter wilestigate the effect of the payment rule
(discriminatory versus uniform), learning undereafed auction periods, and how a reserve
price will affect auction efficiency and cost effeeness. The hypotheses of these issues are

provided in Table 19.

Table 19 Hypotheses for target based auctions

Treatment Hypothesis

Payment Rule Uniform payments will outperform
discriminatory payments in terms of cost
effectiveness and efficiency

Repeated auction rounds Repeated rounds will decrease cost
effectiveness

a. Inclusion of reserve price a. The inclusion of a reserve price will

b. Announcing reserve price to participants improve auction outcomes

b. Announcing the reserve price will
decrease efficiency

Latacz-Lohmann & Schilizzi (2007) only considedisgicriminatory pricing in their
investigation of target auctions and found thageéaand budget based auctions had relatively
similar outcomes. Since little research has focusetarget based auctions, especially

investigating the pricing mechanism, it is felttthamparing discriminatory and uniform
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payments is required to make sound decisions d@hmuimportant design feature. This study
continues the comparison of the discriminatory anidorm pricing mechanisms to determine if
one payment mechanism leads to more desirable mem a target auction (e.g. cost
effectiveness, auction efficiency), and whetherilsintonclusions can be made about the pricing
rule between budget and target constrained aucti&inslar to the budget constrained auctions,
it is suspected that the more efficient pricing hedsm is largely an empirical question based
on the degree of rent seeking occurring under ig&ichinatory rule. It is hypothesized that the
uniform pricing mechanism will provide more desimbuction outcomes much like the budget
constrained auctions.

Learning is a potential side effect of having e auction sign-ups. Latacz-Lohmann
& Schilizzi (2007) found in their study comparingdget and target constrained auctions that
repeated auctions did have a negative effect dionpeance and concluded that budget based
auctions were more robust. Therefore, it is hypsittes that auction performance will
deteriorate over repeated rounds.

Initially the auctions were run with only a targetnstraint. Since there was no constraint
on the budget spent, submitted bids escalatedtteragly high levels and participants would
receive the maximum allowable cash payment withéfirst few periods. This is reflective of
the type of learning described by Hailu & SchiligzD08) where participants would increase
their bid until they were excluded from the auctamd subsequently decrease their bid. In this
case however, the signal to decrease high bidswatastrong or consistent. Cummings et al.
(2004) also found that in the Georgian auctionwater permits the lack of a fixed budget
constraint lead to inflated monetary outlay. A rgsegrice was subsequently introduced as a

potential tool to regain lost cost effectivenessm® agencies have chosen to announce the
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reserve price; however this could lead to detriralegffects on efficiency and cost effectiveness.
We also compared the effect of announcing the veganice to bidders versus not announcing to

see how this affected learning and overall auatigicomes.

5.2 Auction Design

Table 20 Repetitions of target constraint treatmerg

Treatment Discriminatory Uniform
No Reserve 3 3
Unannounced 2 2
Reserve

Announced Reserve 2 2

In total, 14 target based auctions were complefadlé 20). The same 12 producers as
the budget constrained auctions were used to edidbhrm level parameters for the auction.
However, in these experiments different levelsparticipation” were offered in order to provide
an opportunity for participants to make multi-uofiters with respect to price and environmental
guantity. This also creates a more realistic s¢éervenere producers would not be required to
restore 100% of their wetlands. Levels of partitggrawere the estimated acres of wetland
restoration under the different scenarios present&hapter 3: 12.5%, 25%, 50%, and 100%
restoration. Some of the producers would have dl$eaf participation, while others had 3, 2, or
1 level as determined by the scenarios given byg¥aral. (2009) (see Table 28 in Appendix).

A wetland restoration target for the watershed glassen based on an assumed policy
goal of 55% wetland restoration in the STC basedareage. The target is assumed to reflect an
EG&S goal that may be a science based goal ottisfysthe publié*. The target for this study

was 45 acres, which is 55% of all the wetlands ¢batd be restored by the selected farm

24 |n their comparison of budget and target aucti®uhilizzi & Latacz-Lohmann (2007) chose a tarjet was
determined endogenously in a budget constraintaudiVhile this may be useful for comparing effivdy, it does
not necessarily reflect realistic goals made byegoments.
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parameters used in the experiment. This equatedd%Pe total wetland acreage that could be
achieved under the 100 wetland restoration scebgrtbe farms included in the auction.

The reserve price was set roughly equal to thiEoumiprice estimated from the optimal
combination of farm parameters (assuming that Wigl® equal to costs) at $1750/acre. Any bid
that was submitted above the reserve price wasratically rejected from selection. The
reserve price was established in this manner shrere was access to an estimated cost curve. In
the absence of this knowledge other methods shmukplored in the determination of a

reserve price.

5.2.1 Auction Procedure

The auction procedure for this set of auctions thassame as that described in Section
4.2.2. With respect to the instructions, particiigamere informed that it was a target based
auction, so that bids would be accepted until aeage target was reached, as well as the pricing
mechanism being used. The only difference was respect to the reserve price. When there
was a reserve price used the participants werdhaldthere was a maximum allowable bid, and
that any submitted bid greater would automaticldyexcluded from the selection process. In the
announced treatment, participants were told theuswtnaf the reserve price during the
introduction prior to the first practice auctiorhd price was also written on a white board in the
experimental lab as a reminder. This informatiois wat given in treatments when the reserve

price was not announced.

5.2.2 Econometric Analysis

Two efficiency/cost effectiveness metrics weredutgeevaluate the target auction

treatments: POCER (Proportion of Optimal Cost BEifeness Realized) and PRENT (Percent
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RENT). POCER was defined in the same way describ&ection 4.1.4 where the optimal
combination of farm parameters was solved to rélaelacreage target and minimize the budget
spent. The definition for rent can also be foum&ection 4.1.4. The metric PMOR (Proportion
of Maximum Objective Realized) was not consideradliis analysis since the auctions were a
target based auction.
Econometric Model

The empirical models used to estimate the effectian treatments on cost effectiveness
are provided below and described in Table 21:

POCER

PRENT - & + B Uniform;; + f,Announced;; + fz3Unannounced;; + B,In(period;;)
+ Bs In(period;;) * Uniform;, + €; + W;

Table 21 Description of variables included in ecormoetric models investigating the cost effectiveness target
based auctions

Variable Description

Uniform;, Dummy variable for payment
rule; where 1 = uniform, and 0 =
discriminatory payment

Announced;; Dummy variable for announced
reserve price; where 1 =
announced reserve price, and 0
= no reserve price (base case)

Unannounced,; Dummy variable for announced
reserve price; where 1 =
unannounced reserve price, and
0 = no reserve price (base case)

In(period;;) Represents the time trend for
each session
In(period;;) * Uniform;; Interaction term of time trend and

payment rule

The data set used was also in panel format wélctbss-section based on auction
session and time series based on 15 auction pefiibdsefore, panel regression was used with
random effects error structure, with the individspécific effect on session. This was done for

the same reason explained in Section 4.1.4. Siok#i&i & Latacz-Lohmann (2007) only
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considered 3 repetitions in their analysis of talpsed auctions versus budget based auction,
we also estimated the above models with only 3ogsrin order to draw some comparisons
between studies. Autocorrelation was present imtbdel for both POCER and PRENT;
therefore both models were estimated using Rolasidard Errors which corrects for

autocorrelation and heteroskedasticity.

5.3 Descriptive Results

The uniform treatments were generally more effectivachieving the wetland
restoration acreage target (Table 22). Under umifpayments, the frequency of reaching the
target decreased when a reserve price was incindéd auction; conversely it increased under

discriminatory payments.

Table 22 Average proportion of target achievementdr each target auction treatment

Discriminatory Uniform

No Reserve Price 0.49 0.91
(N=45) (N=45)
Unannounced Reserve 0.50 0.83
Price (N=30) (N=30)
Announced Reserve Price 0.83 0.87
(N=30) (N=30)
Total N=210

The descriptive statistics of the auction outcoarespresented in Table 23. The highest budgets
required to achieve the target were found wheretixas no reserve price, as expected. When
there was no reserve price the average discrimipatadget spent was about $200,000, while
the average uniform budget spent was about $400r606hly 100% greater. However, on
average, more wetland acres were recovered whéormmnpayments were used: 48.66 acres

under uniform and 44.6 acres under discriminatDgspite this, the uniform $/acre was
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significantly higher than the discriminatory $/a¢$8893.67/acre versus $4728.73/acre
respectively).

In cases where the target was not met, payments stidrdistributed thus limiting the
scarcity in the selection of winners, and ultimatghyments were given to every participant who
submitted a bid. In the uniform auctions the magkéte would be equal to the highest $/unit,
grossly increasing the monetary outlay. Considguié 21 which illustrates the effect of rent
seeking when the target was not achieved. Assuthengame level of bid inflation under both
uniform and discriminatory pricing, one can sed #igparticipants would receive a payment.
The pointsP,OQnA represent the budget spent under uniform pri@angPOQ.A represents the
budget spent under discriminatory pricing. It isaslthat the budget spent under uniform pricing
is much larger than the budget under discriminapoiging; P,OQaA> POQ,A. This illustration
supports the use of a reserve price, or restri¢hirglistribution of payments when the target is
not met.

The inclusion of a reserve price reduced the butgetutlay by between 30% and 40%
with discriminatory payments, and about 20% witifanm payments (Table 23). This was
expected as the reserve price essentially actpaseaceiling, although not as strict as a fixed
budget. Announcing the reserve price resultedghdri budgets, on average, but it was not
statistically significant. Using discriminatory pagnts the announced reserve price budget was
roughly 30% higher than the unannounced discrironyabudget. Under uniform payments the
difference between announcing and not announcirggswaller at 7%. It is suspected that when
the reserve price was announced participants coakk expectations about their maximum
payoff and subsequently increase their bid to &senve price in the first auction periods,

whereas this would need to be learned over thlipériods when the reserve price was
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unannounced.

Pu

Revealed supply

<4— Real Cost Curve

v

Figure 21 Effect of rent seeking on the budgetaryx@enditure when the target is not achieved using

hypothetical cost and revealed cost curves

The budgetary outlay was consistently higher unaéiorm payments for all reserve price

treatments. The difference in budget between disnatory and uniform payment types was

much smaller when there was a reserve price, &i8)000 when the reserve price was not

announced, and $4000 when the reserve price wasiaced (compared to 100% difference).
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Table 23 Descriptive statistics for target based aion treatments

Discriminatory Uniform
Budget No. of $/acre PRENT POCER Budget No. of $/acre PRENT POCER
spent($) Acres spent($) Acres
restored restored

No Reserve Price
Mean 197,585.60 44.60 4728.73 0.47 0.48 414,704.30 48.66 8,893.67 0.45 0.51
Median 123,571.00 44.83 2918.47 0.49 0.46 102,771.40 48.48 2,159.83 0.31 0.62
S.D. 166,340.50 5.33 4489.67 0.27 0.25 771,112.60 483 16,808.09 0.3 0.28
Minimum 61,473.00 32.33 1550.08 0 0.08 72,172.12 35.64 1,594.96 0.02 0.02
Maximum 637,800.00 54.92 17570.3 0.92 0.87 3,819,200.00 66.57 80,000.00 0.98 0.84

N=45 N=45
Announced Reserve
Mean 80,117.17 48.34 1652.52 0.14 0.82 84,113.00 49.34 1,704.59 0.16 0.79
Median 79,123.50 48.49 1696.9 0.16 0.79 81,708.42 49.19 1,705.48 0.17 0.79
S.D. 11,371.06 5.25 94.27 0.05 0.05 10,698.88 5.93 53.89 0.04 0.03
Minimum 48,998.00 34.14 1337.69 -0.02 0.78 55,615.00 31.78 1,499.82 -0.02 0.77
Maximum 99,324.00 57.63 1723.48 0.2 1 101,685.60 58.22 1,750.00 0.22 0.9

N=30 N=30
Unannounced Reserve Price
Mean 62,540.73 39.51 1561.13 0.05 0.9 78,480.37 47.41 1,658.71 0.15 0.81
Median 66,946.50 44.65 1663.73 0.13 0.81 78,538.45 49 1,657.53 0.17 0.81
S.D. 23,740.85 12.50 235.29 0.32 0.26 9,431.32 5.58 97.34 0.07 0.05
Minimum 19,100.00 16.90 617.84 -1.53 0.78 47,617.50 27.21 1,426.40 -0.04 0.77
Maximum 96,346.00 56.06 1731.24 0.25 2.17 101,587.50 58.05 1,750.00 0.23 0.94

N=30 N=30
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The difference in budgetary outlay between paynggs resembles the scenario
described by Latacz-Lohmann & Schilizzi (2005) whtre payment above costs paid under
uniform payments is greater than the extent of seeking occurring under discriminatory
payments. While rent seeking was apparent in boting mechanisms, the effect was
magnified under uniform because of the nature efgdlyment in conjunction with no real
budget constraint. In the uniform payment auctigasticipants chose to increase their bid to
seek rent; this would ultimately increase the umifgpayment distributed to winners. Under
discriminatory payments, while everyone would b#& seeking, only a few participants would
receive a very large payment.

Table 24 presents the average statistics takengoeaps of 5 periods (e.g. 1-5, 6-10, and
11-15). Similar to the budgetary auctions, it waspected that repeated auctions would
contribute to participant learning, and potentiaédgult in the deterioration of auction efficiency.
Indeed there is evidence of learned behaviour theel5 periods which resulted in increasing
budgets, especially under discriminatory paymerte. increase in budgets is coupled with the
increase in the percent of the budget going towseds This trend was less pronounced in the
uniform treatment.

The same overall trends were observed for $/acbeidgetary outlay, because any
fluctuations in $/acre depend on the variation ogeg in terms of the budget since the number
of acres is relatively constant because of theetaffable 23). When the reserve price was
imposed on the auctions, $/acre would drop to atfmsame level as the reserve price,
$1750/acre. The mean $/acre was lower in the unamoeal reserve price treatment than the
announced treatment under both payment types.ig biscause it would take participants longer

to learn the reserve price when it was unannounced.
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Table 24 Average auction outcomes for groups of Sepods (1-5, 6-10, and 11-15)

Discriminatory Uniform

Treatment Periods Budget No. of $/acre PRENT POCER Budget No. of $/acre PRENT POCER

spent Acres spent Acres

restored restored
No Reserve 1-5 112,092.33 43.88 2,612.30 0.34 0.59 674,699.76 49.20 14 268.07 0.52 0.45
Price 6-10  199,209.27 46.27 4,455.79 0.51 0.45 163,540.13 4727 3679.77 0.35 0.6
11-15  281,455.33 43.66 7,118.09 0.58 0.39 405,873.00 49.53 8733.15 0.47 0.49
Announced 1-5  71,287.00 44.08 1,612.47 0.11 0.84 83,360.29 49.00 1701.40 0.14 0.79
greiig“’e 6-10  80,056.50 48.93 1,634.54 0.13 0.83 81,330.53 4741 171577 0.17 0.78
11-15  89,008.00 52.03 1,710.55 0.17 0.78 87,648.18 51.61 1.696.60 0.18 0.79
Unannounced 1-5  39,967.60 30.03 1,358.21 -0.14 1.07 72,996.62 44.88 1637.54 0.12 0.83
?reiizrve 6-10  65,075.70 40.05 1,621.02 0.13 0.83 81,802.83 48.33 1,692.68 0.18 0.79
1-5  82,578.90 48.44 1,704.16 0.14 0.79 80,641.65 49.04 164593 0.15 0.82
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Table 24 presents averages over groups of 5 peflefis6-10, and 11-15) to
observe any effects learning may have on resulteWomparing $/acre, there was a
steady increase in $/acre under discriminatory pansfor all reserve price treatments.
This trend is not apparent under uniform pricingaaese learning patterns are likely
different under this pricing regime. This providasdence that individuals were using
information from previous rounds to make expectstiof their maximum payoff so they
could rent seek to that point. This is also evidesm the increase in the percent of the
budget contributing to rent. It is speculated teatning also occurred under uniform
payments; however a distinct trend is less evident.

A concern with having the same reserve price oseeated auction rounds is that
participants will be able to learn the reservegaad subsequently bid that price to
extract the maximum possible rent. This was obsenvéhe CRP according to
Reichfelder & Boggess (1988). In the present studger the discriminatory price
treatment, bids converged to the reserve pricéfatent periods depending on whether
the reserve price was observed or not. When itneasnnounced, the $bid/acre for all
participants started to equal the reserve priedatit period 6. However, when the
reserve price was announced, this bidding behaviagrobserved at period 3. After the
respective periods, participants would chose thel lef participation with the lowest
$/acre (or highest value for money) in order taaottthe maximum amount of rent
possible (Figure 22).

Under uniform pricing, bids did not converge to theerve price. Participants
would often either bid their costs or below theists in order to increase their probability

of being selected in the auction, with the exceptbsome participants bidding the
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reserve price to set the market price. The uniforanket price, however, was fairly close
to the reserve price from period 1 in both infonmatreatments, although in one
repetition when the reserve price was unannourteadniform price remained below the
reserve price for the duration of the session. driorm market price was often
dependent on whether the target was achieved oFimntre 23 illustrates the typical

bidding behaviour under uniform pricing.
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Figure 22 Bid curve compared to the actual cost cwe and reserve price under discriminatory

pricing

Note: This curve represents the discriminatorycidve for the 1% period when the reserve price was
announced. This figure was chosen because it ¢@vieest representation of the trend that was etiden
the periods after bid convergence in both the anoed and unannounced reserve price treatments.
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Figure 23 Bid curve compared to the actual cost cwe and reserve price under uniform pricing
Note: This curve represents the uniform bid cunretfie 13' period when the reserve price was

announced. This curve gave the best depictioneob#haviour that was observed for a majority of the

auction periods.
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5.4 Cost Effectiveness and Empirical Model

POCER is a measure of cost effectiveness intrablbgeCason & Gangadharan
(2004, 2005) and discussed in 4.2.4. POCER wasvalalow when there was no
reserve price for both pricing treatments, aroud@FTable 23). This indicates that
auction cost effectiveness was about half of whatoptimal would be. This is mostly
due to the high prevalence of rent seeking whishilts in higher required budgets than
the optimal. POCER increases when a reserve @wiceorporated into the auction from
50% to 80% or 90%. This was expected since thevegeice reduces the budgetary
outlay. Generally POCER is higher under discrinromapricing. Likewise it was higher
when the reserve price was not announced, butstneastatistically significant
(Tamhane’s T2 p-value = 0.12).

Similar trends were observed in PRENT. The higREENT was recovered
when there was no reserve price, 34% under distaitory payments and almost 50%
with uniform payments. The incidence of rent deseglwhen the reserve price was
included. With respect to discriminatory paymetitg, average PRENT when the reserve
price was not announced was 5% and 14% when iawasunced; and under uniform
payments the average PRENT was 15% when the regaceewas not announced and
16% when it was announced. The amount of the bugtget towards rent also explains
the results found for budgetary outlay and $/aceasure.

Under discriminatory payments, cost effectivenesteribrated, in terms of both
POCER and PRENT, over the 15 periods (Table 2#er&was a less pronounced trend
under uniform payments. This suggests that learnsingferent depending on the

payment type chosen. In discriminatory auctionstiggpants are more likely to follow
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through with the learning described by Hailu & Siezi (2005), while under uniform
pricing the market price is set by the marginateid Also, there is no benefit from
anchoring a bid on the reserve price under a umifeayment since there that is what the
market price may end up being.

To further investigate the cost effectivenessaofét based auctions, panel
regression analysis using a random effects emoctsire, with the individual specific
effect on the auction session was conducted udsig $1.0. Panel regression analysis
allows for further understanding of how auctioratreents influence auction outcomes.
Autocorrelation was present in the data; therefobeist standard errors were used. The

results are presented in Table 25.

Table 25 Target constraint panel regression resultior cost effectiveness and rent

POCER Periods Periods
1-15 1-3
Uniform;, -0.267**  -0.338**
(0.112) (0.155)
Announced;; 0.307*** 0.274*
(0.094) (0.082)
Unannounced;; 0.359*** 0.451*
(0.100) (0.150)
In(period;;) -0.128***  -0.262**
(0.049) (0.131)
B In(period;) 0.135** 0.255*
* Uniform;, (0.054) (0.154)
Constant 0.741**  0.803***
(0.117) (0.128)
R? 0.4761 0.531
N 210 42
PRENT

Uniform;, 29.60** 40.42**
(12.975) (19.099)
Announced;; -31.07***  -28.19***
(9.669) (8.923)
Unannounced;; -36.29%** 47 45%**
(10.530) (17.425)
In(period;;) 14.63** 32.24*
(5.868) (16.619)
In(period;,) -14.67** -33.68*
* Uniformg, (6.315) (18.740)
Constant 17.71 10.01
(13.134) (15.241)
R? 0.444 0.485
N 210 42
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First the results including all 15 periods are dgsed. In terms of POCER, the
uniform treatment was less cost effective thandigeriminatory treatment by almost
30%. This suggests that the uniform payments wegater than the individual rent
seeking occurring under discriminatory pricing. §ts supported in the PRENT
regression, showing that the there was 30% motieedbudget went towards rent. Not
announcing the reserve price improves cost effea@gs (both POCER and PRENT)
more than announcing the reserve price over nahbavreserve price; about 5%.

Including a reserve price into the auction stooahrtprove auction performance,
as suggested in the descriptive statistics (TaBJeWith an unannounced reserve price,
POCER improves by about 35%, and reduces PRENDoyt&86%. The announced
reserve price also improved auction performandkpagh not as well as not announcing
the reserve, where POCER improved by 30% and PRE&STreduced by 31%.

The results in Table 25 also show that auctiongoerédnce decreases over time
under discriminatory pricing, however the effeats essentially nil in uniform pricing, as
the coefficients oin(period;;) * Unif orm;; are roughly equal tm(period;;).
Essentially auction performance was relatively Igtaloross the auction session under
uniform payments. In conjunction with the desckipttables above, it is possible that the
poor auctions were balanced out with better austion

One can see that auction performance is better whiesidering only the first 3
periods of each auction session,, where the canstaROCER increased by 10%, but
the constant for PRENT was still not significardifferent than zero. This is similar to
the results observed by Schilizzi & Latacz-Lohm&2®@07). Discriminatory pricing still

outperformed uniform pricing. These results suggestin a shorter period of time, there
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is less opportunity to learn from previous outconté®vever considering the variable
In(period;;) for periods 1-3, its coefficient is much higheanhts coefficient for the
model using periods 1-15. This suggests that Ilagrm the first few periods is very
steep. Schilizzi & Latacz-Lohmann (2007) also fotmak auction performance
deteriorated over time; however it was not expligjuantified. One can still observe that
there is no distinct time trend associated wittfarm payments, similar to the result with
all 15 periods.

The results presented in this chapter lead onelteve that discriminatory
pricing is more desirable when considering a tabgesed auction. However, like Latacz-
Lohmann & Schilizzi (2005) identified, the prefedrpricing mechanism is largely based
on the degree of rent-seeking occurring under idmscatory pricing. In this case,
assuming equal quantity (because of quantity camsjr the uniform price was more
expensive than individual rent seeking under diseratory pricing; this led to large
payments, where 50% of the budget went towardviithaal profit. Figure 24 compares
the two pricing mechanisms with no reserve priagegieypothetical ordered bid curves
based, the uniform budget is represente®Q*A and the discriminatory budget by
P4OQ*A where Q* is the targeB, is the uniform price anBy is the vertical intercept of
the discriminatory bid curve. In this caggOQ*A> P4OQ*A, illustrating that the

uniform budget is greater than the discriminatangdpet.
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Figure 24 Comparison of discriminatory and uniformpayments under a target based auction
assuming the target was achieved

It is possible that the target chosen was not bighugh to provide an adequate
level of competition among bidders. Therefore @mnes price was necessary to act as a
price ceiling in order to maintain any cost effeetiess. Since the target was chosen
endogenously in the study by Schilizzi & Latacz-b@dnn (2007), the target suited the
level of competition accurately; hence they did mofuire a reserve price. Choosing an
appropriate target is a concern if a target comstthauction is to be used in the real
world. Relying on a science based target may neippeopriate if participation is not
there, otherwise there will be consequences sinul#ne results where there was no
reserve price. Therefore, there needs to be conuation between scientists and
economists in order to establish both ecologicatigg economically efficient EG&S

targets.
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Concealing the reserve price to bidders provdthte advantages over
announcing it. By announcing the reserve pricdarectiprice signal is sent to the
participants and they are induced to submit a Qidhkto the reserve price as opposed to
a bid reflecting costs. While participants werd able to learn the reserve price over
repeated auction periods, it was not until thevériod where bids would begin to
converge under discriminatory payments. Announthiegreserve price under uniform
payments also diminished auction efficiency, howex in the same way as under
discriminatory payments. Participants were moreljiko submit a bid equal to their
costs under announced or unannounced reserveqriomwever the uniform market
price was equal to the reserve price more oftemwvithwas announced because of the
direct price signal.

Incorporating a reserve price was necessary totaiaieconomic efficiency in
the target based auctions presented in this sBydgomparing the announcement
treatments of the reserve price allows one to wstded the effect of learning with
respect to the reserve price. Provided that thicgzants were able to learn the reserve
price and in relatively few periods (less than lodiifhe session length), this is a concern
for the authority of a real conservation auctionotder to prevent the negative effects of
learning, the auction parameters could be changedtp participants making accurate
expectations. This concept was also recommendé&khphefelder & Boggess (1988) for

the CRP when they found evidence of learning tmeémmum allowable EBI.
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5.5 Comparison of Target and Budget Auctions

Based on the results discussed for budget andttemgstrained auctions, it
appears that the two auction formats may be fundgatte different and are subject to
different influences. Since the two auction desigad many different elements, a direct
comparison cannot be made; however the overalltsegive an idea of underlying issues
as well as identify future areas of study.

The desirable payment treatment was differeneémh constraint. In this
empirical application, uniform payments yieldedtbeauction outcomes in the budget
based auction, whereas discriminatory paymentseoiatpned uniform payments under a
target constraint. This potentially can be influethdy the difference in the level of
competition under each constraint or the inclusibthe levels of participation in the
target based application described here. This leadgo believe that the better payment
mechanism is dependent on the level of competfiresent in the auction. When there is
low competition, there is still variation in bidse( some bids close to costs, some much
higher than costs). However, uniform payments aveerwolatile since a large bid could
result in very large payments to all winners, whiteler discriminatory pricing only that
individual will receive that large payment. Whiléd was what was found under the
target constrained auction, this would also hale winder the budget constrained auction.

Based on the results, and observing individuabbietur, a target constraint may
not be as robust as a budget constraint in termsicfon performance in repeated
auction sign ups. When there is no reserve priceidied in the target based auction, this
auction type is more susceptible to adverse legreffects over repeated auction sign-

ups. Once bidders learn that they can win in tletian, they apply the learning
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technique described in Section 2.4.5 of increasieg bid until it is rejected. Bidders are
less likely to be rejected because there is no &uckp, therefore bids can increase
infinitely. Therefore, target based auctions aggarlikely to have higher budgets with a
higher proportion of the budget contributing totgapant profit. According to the results
presented, there may be up to 50% of the budgaggdoivards rent in a target based
auction compared with up to 20% in a budget basetian.

When it comes to governments’ balance sheet, adiliged auction may be
more reliable since the budget is knoavpriori. However, the level of competition is a
significant contributing factor if the auction meetism is to be cost effective. If
competition is a concern, a reserve price shoulestablished.

Having knowledge of the underlying cost curve kg element that will
contribute to the effectiveness of a reverse anatiwder both budget and target
constraints. This empirical study was unique irt thare was access to the actual
underlying cost curve for wetland restoration ia 8iI'C watershed. With that, there is
more concrete observation on the effectivenessenftiction mechanism in that
watershed. Where the underlying cost curve is notq, it is difficult to conclude that
an auction is cost effective or not since themigctual level of comparison: one would
be unsure if some producers could have been pssdde the same service. While the
target constraint was arbitrarily determined, krexge of the cost curve was required to
set a reserve price in order to maintain cost #@ffegess. Understanding the costs that
face producers is also essential even in detergnmibudget constraint so that there

remains an appropriate level of competition to emage revelation of the underlying
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cost curve. ltis possible that the shape (eogesbr curvature) of the underlying cost

curve can also influence the outcome of a reveusgamn.
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Chapter 6 Conclusion

The current method used in the procurement of EB&S producers’ leaves
room for improvement. Fixed price or cost shariggeaments are not an effective tool
because they do not appropriately reflect actuadiygecer costs incurred. These programs
may be excluding those influential producers who gavide a large amount of EG&S.
However, their costs may also be high, while atstéi@e time encouraging those who
have low costs and low EG&S potential to partiogpfalr income support. An alternative
method is to utilize market forces by applying aBIMuch as a conservation auction.
Conservation auctions have the capacity to buy E@8&scost effective and equitable
manner than other types of compensation programs.

Auction design is multi-faceted and also contgecsfic. While there is a large
body of literature and theory related to converdiauctions, conservation auctions in
practice violate a number of assumptions that gthdee conventional auctions.
Therefore conventional auction theory is not neaglysan appropriate guide. A majority
of the theory for conservation auctions has besedan experimental auctions in
laboratories or in the field.

Auction design is a very important factor thatuehces the success in
conservation auctions. The intent of auction degdn guide bidding behaviour to the
theoretical optimal outcome and to reveal the daost of adopting an EG&S friendly
practice. Important design features are the prion@ghanism, bid ranking rule, target
versus budget constraint, and level of informatlarthe literature there is some

contention as to what is the best auction desigrs Study attempted to further
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investigate auction design theory to establish videtbrs should be considered in
choosing a design framework.

The purpose of this study was to investigate cavadi®mn auction design as it
relates to wetland restoration in the STC watersheduthern Manitoba. Wetlands have
the capacity of providing a large amount of EG&&d are highly desirable to have in the
landscape. However, there has been a progressis@tavetlands and therefore a loss of
EG&S. Programs have been in place to encouraganektestoration projects in the
area, however there has not been any documentedssu&Some studies have identified
that financial concerns pose as a significant eafar producers wanting to participate in
environmental programs. Therefore, conservatioti@ng are proposed as a potential
method to encourage more wetland restoration.

In this study, on farm costs and EG&S associatel wetland restoration were
estimated in the STC watershed. This allows fomtloee accurate representation of those
producers in the auction. Therefore there is a&ebettderstanding of the bidding
behaviour that could occur in that area.

There were two main testbeds of experiments predantthis study: budget
constrained auctions and target constrained atgctidfithin the budget constrained
auctions, design factors that were investigateck e pricing rule (discriminatory
versus uniform payments), bid ranking rule (maxemoverage versus maximize
phosphorus abatement), and repeated auction petdoder the target constraint the
pricing rule (discriminatory versus uniform), regeprices (announced and
unannounced), and repeated auction periods weesltedn additional feature that was

added to the target constraint auction was thaitcgzants were permitted different levels
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of participation determined by different level oétland restoration. This was included to
both better reflect actual producer decision makisgvell as to give a quantity choice
for the target constraint auction.

Under the budget constrained auctions, using unifoayments outperformed
discriminatory payments. The revealed bids werseasito the actual underlying costs, re-
affirming theory which states that the optimal hiduld be equal to costs. It was also
found that higher levels of PMOR and POCER occuuarder uniform payments. In
addition, panel regression analysis identified thate was no significant difference in
PRENT between the two pricing mechanisms. Esséntrak leads to the conclusion that
the higher payments distributed under uniform payievere equal to the rent seeking
apparent under discriminatory payments. This idreoyto the seminal work on pricing
rules by Cason & Gangadharan (2004, 2005). Theyddhat discriminatory payments
were more cost effective based on their measuresogi efficiency. This result
influenced the auctions being conducted in Ausirali

In comparing the bid ranking rules, each rule (smgximize coverage and
maximize phosphorus abatement) was efficient inaicwy the desired outcome (e.g.
acres or kg phosphorus). The intent of testingriles was to establish if procuring
wetland acres could act as a reasonable proxyutoient abatement. This is important
since nutrient abatement is a pressing issue intbtzaand the actual measure of
nutrient abatement is difficult to measure pradtycspeaking. It was found that
procuring restored wetland acres was sufficierst proxy for phosphorus abatement.
However, there is still risk of adverse selecthgere producers who are cost effective in

providing acres do not actually contribute a Igpgetion of phosphorus abatement. In
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order to remedy this, more research is requirdtderarea of hydrologic modeling related
to measure the EG&S potential of wetlands.

Under the target constrained auctions, discrimitygb@ayments outperformed
uniform payments overall. While the restored wedlanreage target was achieved more
often under uniform pricing, it came at a very Bapst. The auctions using uniform
payments yielded relatively low cost effectivenessipared to the auctions using
discriminatory payments, although when there waseserve price both payment types
did not perform well; 50% below optimal efficiendhen the reserve price was
included into the auction, performance improvedarriabth payment types; however the
budgetary outlay, and therefore PRENT, was stébggr under uniform payments.
Unlike in the budget constrained case, we obsellvaithe uniform payment was greater
than the rent seeking occurring under discriminapayments.

This result leaves one to believe that there magifberent bidding strategies at
play under each of the two constraint types. Funtégearch into this area is required in
order to make sound observations in support ofdhilusion. However, there may be
an issue related to the level of competition teahfluencing the performance of each
payment type as well.

Both auction types were influenced by particip&atrhing over the course of the
15 periods of the auction session. Based on thressn analysis for the budget
constrained auction, there was a threshold at p&rhere afterwards the learning effect
was not significantly different from zero. In otheords, the first 5 periods were used to
understand the auction mechanism and to make asisms\pbout their expected payoff

from a bidding strategy. In the target constraiaedtion, auction outcomes differed
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between periods 1 to 3 than periods 1-15, in padidhere was a stronger effect
associated with time that lessened when considetirig periods. Degradation of
auction performance was also stronger under digtaitory payments in both constraint
types. This leads one to believe that rent seekiag be more prevalent under
discriminatory payments, and that participantssatesfied with their payments in
uniform pricing. These learning effects associatét repeated auctions have
implications in the practical use of auctions.dpeated sign-ups are anticipated for an
environmental program, practitioners must be aw@aeafter the first few sign-ups
degradation in efficiency is to be expected. Thaeemeasure should be taken to avoid
the negative effects of learning in the auction.

A sound conclusion cannot be made with respedtddoéest constraint type
because of the multiple differences between them&thods. The two constraint types
are both subject to the same influences that affestt efficiency, such as rent seeking
and learning. However, rent seeking behaviourgeeater concern in a target based
auction simply because there is no budget constiihile the desired amount of EG&S
may be acquired, the cost of doing this could bgelaConversely under a budget based
auction the desired amount of EG&S may not be aedquhowever what is bought will
more likely be cost effective.

Competition is an important factor that influenbesh auction constraints as
well. If there is in adequate competition in eithgre, cost efficiency will decrease
because participants will not have to face tradeimfthe same way one would if there
was high competition. If competition is a concexmgserve price should be included as a

way to induce competition without changing the ¢omst.
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6.1 Limitations and Future Research

While this study has provided interesting resattd conclusions related to
conservation auction design, there are some limoitatto the study. There were limited
repetitions — a maximum of 3 for some treatmentsrevtepetitions would be desired in
order to be more confident with the results. Atbere was no direct link between the
budget and target based auctions. This was natipated in the design phase of the
target constrained auctions and was only realifted the completion of the sessions.

The established cost of wetland restoration fodpcers sheds light on an area
that has not been investigated in Canada. HowewelSTC watershed is a very unique
area in that there have been almost 100% of thiamgt drained, and the physical
characteristics are not representative of theiprpothole region. Therefore the
estimated costs may not accurately reflect thesdosta majority of the region. There
were additional issues related to the hydrologideh@vhich may compromise the
validity of the EG&S estimates, however, that wasaamajor concern in this study.

Another concern is that the estimated costs pteden Chapter 3 may not be
entirely representative of the actual costs produa®uld face in restoring wetlands.
Based on anecdotal accounts, the method usedrmaésinuisance costs may
underestimate the actual nuisance cost and thergfdirect costs may actually
contribute a larger portion of the cost. Furtresearch would be required to develop a
sound method to estimate these costs.

There still remains a great opportunity for reshan the area of conservation
auctions. Given that these auctions are becoming papular around the world, this

research is required so that the auction mechamaynbe used and designed
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appropriately. In order to have a better understandf the differences between target
and budget constrained auctions, a budget bas¢idmsbould be conducted
incorporating multiple levels of participation. Bhwill also give a more accurate
representation of a real world situation.

Research should also be dedicated to establighimg function in order to have a
better understanding of individual behaviour and ftanfluences auction outcomes.
Latacz-Lohmann & Van der Hamsvoort (1997) have ength one of the only papers
estimating a bid function with risk aversion. Hayia better understanding of individual
bidding behaviour can better the use of auctionsedksas improve auction design.

Investigating the incorporation of group paymemstises with a target based
auction would also be beneficial. In this studyyrmpants were distributed regardless of
whether the target was reached or not: it may beeal that this provides a negative
incentive to not submit higher volumes of EG&S ittte auction. Therefore, a potential
amendment would be to only pay winners if the tavgges reached and correcting for this
negative incentive. This would also allow for fiethnvestigation into the differences

between target and budget based auctions.

6.2 Policy Recommendations

In the event that a decision maker or governmeobsés to use conservation
auctions as a tool to distribute compensation iméas there are some issues and
recommendations that can be drawn as a resuledirtlings in this present study.

The auctions should be developed and executednarmer that garners trust
between government and farmers in order to enceyagicipation and subsequently

results. This may require more transparency orlbehthe government (i.e. reducing
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information asymmetry) than may be favoured. Thigld include divulging more
information related to environmental benefits, betdgjlocation, or communicating
consistent rules governing the auction. Therefibre government may have to be willing
to sacrifice cost effectiveness by providing marfeimation in order to increase
efficiency.

In this study, students were used to represemteies in order to test auction
design. While their motivation may be the same m#ximize profit — other
characteristics may differ based on experienceattaghment with the task. If an auction
were to be conducted with farmers additional stmaild be taken. Extension may be
required in order to educate farmers on the auectieahanism and how it will affect
them and their operation. Based on the resulta# found that participants used the first
few periods in the auction were used to learn tii@an mechanism as opposed to
learning their relative placement in the cost cuiMeerefore additional practice may be
required in order to prevent mistakes when realeyos on the table. Extension may
also be required providing tools for farmers toreate their costs effectively in order to
prevent costly mistakes.

The selection of the appropriate pricing rule (digcriminatory and uniform
payments) is an integral part of auction designdirettly contributes to cost
effectiveness. In this present study, conclusiandccbe made on the optimal pricing
method since there was access to the actual untgdgst curve to draw comparisons
from. In addition, knowledge of the shape of thelentying cost curve may also
influence the effectiveness of the payment rule @mel cannot assume that all cost curves

for EG&S will have the same shape (e.g. wetlantbration has a large flat (elastic)
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portion). Therefore, in order to make a sound decibetween discriminatory and
uniform pricing, some knowledge about costs is reql

A potential alternative for estimating costs of E&grovision is to use current
land values as a proxy for opportunity cost. Thesyngield a more conservative measure,
however it can provide a basis from which to boitd

Based on the results, using a max coverage ramiladi.e. wetland acreage)
could be an effective proxy rule in achieving otBavironmental goals such as nutrient
abatement. This is beneficial because acreagedh easier to measure, and therefore
easier to monitor. However, if other environmeng@dls are to be addressed in the
auction, the relationships and synergies betwesmsand the objectives should be
understood. Ideally the development of an EBI waqarladuce the best results that are
specific to the needs of the affected community.

Enforcement and monitoring is a vital part ofiagrvironmental programming,
and therefore should be included while estimatirggdosts of a program. In the event
that participants are aware that enforcement anatorang is lenient, there would be an
incentive to not fulfill their obligations and nodmplete their task identified under the
agreement of being successful in the auction. Wiligesult in a misallocation of funds

as well as missed opportunities to provide EG&S.
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Appendix

Table 26 Relative performance of experimental auaiin outcomes to the expected outcomes for each toegnt

Maximize Coverage

Discriminatory (N=30) Uniform (N=45)
Period 1-5 6-10 11-15 1-15 1-5 6-10 11-15 1-15
Total Acres 103.82 85.77 87.63 92.40 99.20 97.85 96.34 97.80
Total P Abated 96.91 89.93 88.62 91.82 101.89 98.25 98.11 99.42
Budget Spent 91.14 97.06 97.38 95.20 94.68 100.80 97.08 97.52
Actual Cost 109.71 90.95 89.34 96.67 102.42 98.33 97.16 99.31
Seller Profit* n/a n/a n/a n/a 24.39 123.21 96.33 60.97
$/acre 86.74 111.82 109.80 101.79 95.45 103.02 100.80 99.73
$/kg P 96.39 110.62 112.63 106.26 103.13 113.86 109.81 108.86

Maximize Phosphorus Abated

Discriminatory (N=30) Uniform (N=45)
Period 1-5 6-10 11-15 1-15 1-5 6-10 11-15 1-15
Total Acres 96.03 90.90 90.59 92.50 112.43 100.44 96.02 102.95
Total P Abated 85.84 80.91 83.14 83.30 99.17 94.82 95.60 96.53
Budget Spent 101.07 103.16 106.78 103.67 93.33 94.87 94.39 94.20
Actual Cost 94.34 85.78 86.41 88.84 112.69 99.44 95.54 102.56
Seller Profit* n/a n/a n/a n/a -2.00 72.40 88.69 53.03
$/acre 99.87 107.70 111.85 106.34 96.53 109.83 114.31 106.38
$/kg P 113.33 122.72 123.62 119.80 94.11 100.05 98.72 97.58

*relative seller profit for discriminatory payments could not be determined since it was expected to be 0 if bids were equal to costs (See Table 16)

Table 27 Average auction outcomes for groups of Sepods (1-5, 6-10, 11-15) and all 15 periods forlateatments and expected outcomes based on
“greedy algorithm”

Treatment  Period  Total Acres Total Phosphorus Abated Budget Spent Actual Cost Seller Profit  $/acre  $/kg Phosphorus
$ abated
MCD 1-5 44.81 273.30 $52,351.60 $63,017.76 -10,666.16 1168.32 191.55
11.33 57.23 5468.61 18525.36 14591.88
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6-10
11-15
Overall
Expected
MCU 1-5
6-10
11-15
Overall
Expected
MPD 1-5
6-10
11-15
Overall
Expected
MPU 1-5

6-10

37.02
2.79

37.82
4.41

39.88
7.81

43.16

37.36
3.85

36.85
2.15

36.28
2.87

36.83
3.00

37.66

34.08
6.25

32.26
2.99

32.15
3.24

32.83
4.35

35.49

38.09
6.78

34.03
4.02

253.60
44.08

249.90
32.79

258.93
45.41

282.00

248.60
21.35

239.73
11.75

239.40
21.08

242.58
18.68

244.00

254.10
25.61

239.50
15.27

246.10
12.55

246.57
19.01

296.00

279.67
26.02

267.40
17.28

$55,751.40
4566.96

$55,932.40
4781.92

$54,678.47
5065.25

57437.71

$51,958.65
9144.28

$55,320.72
3473.69

$53,279.01
4200.54

$53,519.46
6165.67

54880.80

$54,072.00
4924.66

$55,189.40
3781.12

$57,127.80
3066.34

$55,463.07
4065.74

53500.46

$56,687.16
5661.85

$57,623.67
4687.77

$52,239.17
4551.81

$51,314.03
6328.61

$55,523.65
12432.35

57437.71

$50,630.12
4526.85

$48,609.41
2909.35

$48,031.61
4309.56

$49,090.38
4048.72

49433.56

$50,471.81
10473.79

$45,891.53
3101.32

$46,229.08
3046.82

$47,530.81
6663.66

53500.46

$56,892.44
11628.34

$50,199.98
6710.34

3512.23
3008.21

4618.37
5079.99

-845.19
11269.27

0

1328.54
7631.07

6711.31
1958.65

5247.40
2234.37

3321.43
5881.14

5447.23

3600.19
10615.54

9297.87
2390.29

10,898.72
1155.98

7932.26
6878.18

0

-205.28
13599.40

7423.69
8334.61

1506.06

1478.86

1370.98

1346.85

1390.85

1501.21

1468.74

1453.23

1457.15

1586.49

1710.82

1776.75

1689.32

1588.54

1488.44

1693.43

219.84

223.82

211.17

198.73

209.01

230.76

222.55

220.63

202.67

212.80

230.44

232.13

224.94

187.77

202.70

215.50

155



11-15 32.53 269.60 $57,328.53  $48,234.81 9093.72 1762.52 212.64

3.01 20.26 5385.08 3953.71 1937.00

Overall 34.88 272.22 $57,213.12  $51,775.74  5437.38  1640.29 210.17
5.32 21.69 5155.12 8739.06 9944.81

Expected 33.88 282.00 60738.90 50485.05 10253.84  1541.92 215.39
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Table 28 Farm parameters used in target based auctis

Producer

Level

Acre

Cost

© © 00 WWONOOOODOOULUUSABRBE,BDEWWWWNDNDNDNLERE

B
o o

10
11
11
11
11
12
12
12
12

A WODNEFEPARAWONMNPFPOWONMNEPENEPRARARONMNPPRPPRPONPONMNEPERARARONMNPEPRARARONMNERRONEDNERE

0.73
0.368
10.68

4.04
2.973
1.868
5.375

4.63
2.432
0.398
5.493
2.287
1.633
1.124
1.614

0.58
0.247
4.902
1.522
0.758
0.572

0.21
11.23

4.96
2.754
0.662

2.78
0.573
6.147
1.626
0.987

22.427
12.965
3.799
1.766
10.378
6.504
2.335
1.121

1210.171

768.052
15233.79

6173.72
4265.506
2381.516
7429.496
6235.911
3326.562
765.2739
8004.148
3680.028
2646.259
1757.943
3015.406

1317.89
767.3473
8900.461
3237.727
1821.814
1447.911
735.3576

15192.8
7399.468

4465.62
1584.652
4433.934
1321.383
9747.978
3020.374
1923.037
38956.29
21518.27
7161.864
3661.104
11577.47
6463.337
2823.779
1494.701
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