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Auction design for voluntary conservation programs.

Timothy N. Cason

Auctions have been used to trade commodities a&sbvas electricity, residential property, broatispsctra, and emission
rights. The effectiveness of auctions as allocati@thanisms has been well documented (McAfee andilda, Wolfstetter,
Klemperer). Using auctions to conserve naturaluesss on private land, however, is a relatively mewcept (Latacz-Lohmann
and Hamsvoort 1997, 1998). Land use practices ascdommercial agriculture, livestock grazing, anelfood collection have
lead to environmental problems ranging from rissaf and nutrient levels in rivers and bays andames degradation, to
destruction of remnant vegetation and salinity. plmint sources in agriculture generate a largeifvaaif certain types of
pollution and farms are home to substantial natagetation, which has high conservation value. tofately, existing
nonpoint source regulation and conservation prograave not been fully successful in engaging peil@downers.

One reason for this limited success is that, urdik@ventional markets and point source emissi@wsrig markets, it is difficult
to clearly specify and observe the output in nonpsource markets. A crucial problem, thereforeh@provision of
environmental services arises from the unevenilligion of information between landowners and tbhgutatory agency
(Latacz-Lohmann and Hamsvoort 1997, 1998). Regnlatgencies have limited information about the €testdowners would
incur in changing their management practices. kample, a landowner using a low polluting input ray reveal this
information to the regulatory agency and if givelared management contract, the contract will reésuimall marginal
environmental benefits and hence an overcompemsatithe landowner's opportunity costs. On the oftaad, the regulatory
agency has access to scientific expertise anchtiveeladvantage in obtaining information aboutdtgaificance of the
environmental assets or the environmental impadiftérent land management changes. For exampielatrs have access to
biophysical modelers and hydrologists, and theyehiaventory and quality information about flora dadna. Hence optimal
land use decisions would depend on the informateraled from both private landowners and govertimegulators. Auction
mechanisms can be useful in reducing opporturtigi@avior that arises due to these information asgtmes.

Auctions for natural resource management, thoughifienumber, are increasing in popularity. Envir@mtal agencies around
the world are implementing a number of such mapkdéity mechanisms to provide incentives for natoeservation on private
land. The Conservation Reserve Program (CRP) itthied States has a broad environmental objeetitrea requirement that
funds be allocated on a competitive basis. Landosvmake offers to obtain CRP cost share assistargeh is allocated to
them based on an environmental benefits index. ifbisx incorporates individual scores on six envinental factors: wildlife,
water quality, erosion, enduring benefits, air ¢fyaind conservation priority areas. The Consémabtewardship Scheme and
the Nitrate Sensitive Areas Scheme in the Unitethdom offer a fixed payment to landowners for peesied environmental
actions (such as reducing nitrates in water) andsbs landowners who offer the best quality landagament plan. In
Australia, auctions are proposed in areas suchlastg control, nutrient control, and conservatiginexisting vegetation where
land use change is required to achieve environminggovement (Stoneham et al.).

Designing auctions that work well in the field, hewer, can pose significant challenges. The liteeatm auction design is
littered with examples of failure (see, e.g., Klargr) and highlights the need for auctions to Bertd to suit the specific
characteristics of different situations. Auctionghe environmental area are still in their infanoyl can be expensive. Data
from the field, therefore, are scarce and limiesgsh progress in this area. Fortunately, expetiahemethods are available and
are well suited to evaluate some fundamental ddsigfures of auctions intended to improve enviramadequality.



This article summarizes results from two laboraxperiments that investigate alternative aucti@ctmanisms that are useful
for conservation and natural resource managemaastfiist experiment examines the relationship betwan auction's
information structure and landowners' incentiverseieal their costs, with the goal of identifyimgdrmation conditions that
allow the regulator to award land management cotg® maximize the pollution abated for a fixedtéan budget. The
experiment manipulates the amount of informatioailable to landowner sellers as the primary treatmwariable. In one
treatment the auctioneer does not reveal to selierenvironmental benefit of their proposed lasd changes, In the other
treatment sellers learn their projects' environmldonenefits before submitting offers. Revealingimfation about environmental
benefits could lead to an increase in the perce@iedess and transparency of the auction, analildcalso educate landowners
about the most beneficial land use changes andiesge investment in conservation. We find, howethat revealing this
information reduces the auction's overall perforogelnecause sellers' offers misrepresent their ousits for high benefit
projects. The results from this experiment werelegga in a biodiversity preservation auction in Aaka.

The second experiment focuses on the pricing nrlednservation and land management auctionsnipages discriminative
price auctions with uniform price auctions to detere whether the pricing rule has an impact orlahdowners' profits and on
the environmental benefits acquired for a givexediauction budget. In the uniform price auctidressuccessful sellers receive
a price determined by a rejected seller's pricerpffihich substantially increases the incentivieeteal costs compared to the
discriminative price auction. But due to the hegemeity of landowners' cost some landowners arerfraid" in the uniform
price auction because they receive payments fremetulator that substantially exceed their oppuitywcost. Consequently, we
find that the discriminative price auction has sigyeoverall market performance. The two experirsaare described in greater
detail in Cason, Gangadharan, and Duke and CagsbGangadharan, respectively.

The research reported here does not attempt tarigstpecific auction theory. The standard revesquevalence theorem does
not apply in these auctions because many of iten@stions are violated. The research questions rewmpstal hypotheses and
auction design are guided by intuition from auctibeory, but the environmental features includeth@se auctions, to make
them realistic, introduce complications that aretrectable using existing auction theory techngyd®r example, suppliers can
offer multiple projects at different costs thatcathffer in the amount of environmental benefityaded, and the fixed monetary
budget for the auction makes the acquired quaotignvironmental projects endogenous. The resemgehda, therefore, is
deliberately policy oriented and considers econanidronments where theoretical research is urtalijéve clear predictions.
This highlights an important advantage of the eixpental method. It permits comparing alternativetaun designs in "wind
tunnels” that are more complex and realistic tlypical theoretical environments. This "market eegiing" provides a critical
link between economic theory and field implementati

Experimental Designs

Table 1 summarizes the experimental designs. Allextis who participated in the experiments wereeugréhduate students from
the University of Melbourne and Purdue UniversBgssions lasted less than two hours and subjectscean average of U.S.
$24. In both experiments, eight sellers participateach session and these sellers have three @ahswhich represent three
land management changes that they can undertakee Thems" can have different costs and envirotah&enefit levels that
vary across sellers. Sellers submit offers foretbsee items using a web browser and the offersaarked by the experimenter's
computer according to the price per unit of berddfthe items. The experimenter purchases the loprese items per unit of
environmental benefit, and spends a constant bud@sftery auction. The amount of the budget is emkmto the sellers but it
remains unchanged across auction rounds, so ks fietd the sellers could form reasonably accueafeectations.

Although sellers submit offer prices for three diffint items, the experimenter buys no more tharitemefrom each seller. We
impose this restriction because sellers would btdio the same marginal environmental impact @inal luse or management



change if another land use change has alreadyilpdemented. This interaction is important butidifft to incorporate in the
design. For example, if a landowner installs draiith sediment traps to reduce the amount of poltutunoff, this would
reduce the marginal environmental impact of redyiéantilizer applications. The environmental betsefirovided by different
landowners' projects could also be interrelated.example, if one landowner leaves a buffer zoreéen his production land
and a major creek, this can reduce the environrleateefits provided by an uphill landowner's redutestilizer applications.
We leave the study of these types of interaction$uture research.

The designs varied in the two experiments to refleeir different research focus. All the auctigmshe first experiment use a
discriminative, "receive-your-own-offer" pricingle) whereas in the second experiment the pricitgisithe treatment variable.
The second experiment includes sessions in whieehlers receive a uniform price per unit of emwvinental benefit equal to
the best rejected offer, as well as discriminagisiee sessions in which successful sellers redbiwactual price offered rather
than a price uniform to all sellers. In the firgperiment, we conducted multiple auction roundearh period, and sellers could
revise their offers after learning whether anyhait projects were tentatively accepted. A multd@uction could increase
efficiency if it allows inexperienced landownersaeoid costly mistakes that could arise due tdetsia bidding. However,
multiple rounds could also increase administratiosts because offers would need to be assessddeatizack provided to the
landowners after each round. Moreover, in the @rgteriment, we find that offers tended to increase efficiency decreased in
the later rounds; hence, the second experimentuoted only one round of offers each period. Infits¢ experiment, we allow
subjects to communicate verbally between auctioiogs to verify that the auction rules are robostdllusion opportunities,
whereas we did not allow any communication in #esd experiment. Finally, the first experiment®es on identifying the
information conditions that improve auction efficty, and it determined that efficiency suffers ttuenore strategic bidding
when sellers learned their projects' environmemalkefits before submitting offers. Therefore, ia second experiment, we do
not reveal the environmental benefit to selleralirsessions.

Both experiments employ cost and environmental fitgmerameters for specific environmental problemgogen reduction and
salt reduction, calibrated for the state of Viaiprustralia. Using realistic parameters shouldrgjthen the parallelism between
the experiment and the field. The lessons learrad these experiments, however, can be extendeith¢éo environmental
problems and regions. Throughout both experimenutsjects had different cost and quality parameterspresent the
heterogeneity of cost and environmental benefiteéen implementing different projects on the saamel) and between the
same projects implemented on different plots ofllan

Results

We are interested in examining the impact of thegeof the auction on market performance and dividual behavior. In this
section, we summarize results on overall markdopmance and seller offer functions.

Market performance in environmental auctions mais¢ into account economic gains from trade andrenriental benefits
incurred from the land use change. We summarizertkzonmental performance with a measure callddAR (the percentage
of maximum abatement realized), the amount of pioliuabatement realized by the auction as a peagentf the highest
amount of abatement that could be realized witlréigelator's auction budget. Results are similagmising an alternative
measure based on the price paid per unit of abateMé& also measure performance with seller prdfies profits received
minus project costs. Lower seller profits couldcbasidered better from the regulator's viewpoirdelker profits represent
public money that the regulator overspends reldtiibe actual cost of implementing the land usnge.

The first experiment focuses on the informatioresded to sellers as the main treatment variabldiadd that P-MAR is
significantly higher and seller profits are sigo#itly lower when sellers do not learn the envirental benefits associated with



their projects. We provide statistical evidencehvgainel data regressions based on a random eéfeotsstructure. The
empirical model shown in table 2 allows the infotima treatment effects to differ in the early aatklperiods, since 1/period is
one in the first period but declines as periodgpss, and (period - 1)/period is zero in the fietiod but rises toward one as
periods progress (Noussair, Plott, and Riezmarg.€gtimates show that performance is not diffeserdss information
treatments in early periods, since the Benefitsdaled dummy interaction with 1/period is never gigant. Performance
declines, however, in later periods in both treattsieMore importantly, PMAR decreases to about @2%e benefits unknown
treatment, but it decreases to about 91.8 - 1B68% when information about environmental benefiteivealed. Similarly,
seller profits are significantly higher in laterrjpels when information is revealed. Seller praditso rise in later periods in both
treatments, but the greater increase when beeéiteevealed is not statistically significant.

To understand why the market performance is lowsessions where environmental benefits are redeale examine seller
behavior in more detail. Seller offers are not leighn average in the benefits revealed treatmeinthlie variance of the
offer/cost ratio is twice as high in this treatmaatcompared to the benefits unknown treatmens Hilgh variance is caused by
the substantially higher markups by informed sslfer high benefit projects, as illustrated in figl. These high-benefit
projects are often bought in the auction, and sgstlers offer these projects at a higher pricadigelator cannot buy as many.
This leads to lower abatement and lower efficiency.

[FIGURE 1 OMITTED]

In the second experiment, we examine the impatttepricing rule on market performance and on sbiédavior. As

mentioned above, it is not possible to obtain eRaabretical predictions for these auction envirenta once realistic features of
the conservation problem are incorporated. It igertbeless still useful to have some approximatehmarks based on
simplifying assumptions. For the uniform price aoictthe sensible benchmark to use is one of fukblation, i.e., offer that
exactly equal cost. Sellers have an incentive fier difieir projects at cost because submitting &er dfelow cost does not
increase the probability of acceptance except vihemprice received falls below cost, and submitangffer above cost is
unlikely to increase price. In the case of discnative price auctions, standard auction theory ssitggan approximate
benchmark, which has a nonlinear equilibrium oferction that substantially exceeds costs for l@st@rojects.

These benchmarks suggest that performance shoddetttsz for the uniform price auction. For exampléVIAR should range
between 72% and 87% in the uniform price auction should range between only 55-63% in the discrative price auction.
Using both parametric and nonparametric tests, lieryeve find that the discriminative price auctiuas significantly better
performance. In particular, table 3 indicates fralution abatement is greater and seller profigslawer in the discriminative
price auction compared to the uniform price auctidie again look to seller offer behavior to undemstthese performance
differences.

Sellers in the uniform price auctions made offexarrtheir costs, as predicted, and P-MAR was withénanticipated 72-87%
range. Sellers in the discriminative price auctjdrvever, did not submit offers consistent witl theoretical benchmark. In
particular, sellers who had low-cost projects ia discriminative price auctions did not submit offenuch higher than their
costs as anticipated. For example, for our parasetghe nitrogen reduction environment the rigkrtnal benchmark from
multiunit auction theory suggests that offers stidaé twice as great as costs on average for astghan 5000 experimental
dollars. Actual offers for these low-cost draws doptrast, only exceeded costs by 24% on averdgesellow-cost projects are
very important for the overall efficiency and abméat realized in the auction, since they have b pirgbability of being
accepted by the regulator. Since sellers offeredelprojects at prices relatively close to cobesdiscriminative price auction
performed better than the uniform price auction.



Discussion

Results from these laboratory experiments indittedethe design of auctions for land managememggmcould have a critical
effect on seller behavior and market performante. @xperiments indicate that revealing the enviremtal benefits associated
with land management options reduces market pegfoce, although it does increase profit transfetartdowners. Sellers
behave strategically when they know the environaldmnefits of their projects, raising their offeice for higher benefit
projects. This implies that fewer projects can bedht using the regulator's fixed auction budget this reduces the efficiency
of the auction when information is revealed. Sornne results from this experiment are now beingdu® inform policy. For
example, based on these results, the Bush Tendiecp(a pilot project initiated by the VictoriarePartment of Natural
Resources and the Environment, Australia) doesaweial information about environmental benefitiatadowner sellers in their
auction for biodiversity preservation.

Auction competition with more limited informatiopears to have the beneficial effect of reducingtsgic behavior of
participants. What is the optimal amount of infotima that should be provided to the sellers? Addii experiments are
required for a more complete answer to this quesbat our results provide some guidance that eamsed in current, practical
design, If auctions are conducted annually in #maesregion, then sellers might be able to inferpttieate information of the
regulator regarding environmental benefits. To oedilhe impact of this information leakage, regukateith multidimensional
environmental objectives could change the weigtieched to each dimension each year. For exantygeetative weights in the
environmental benefit index used in the CRP coelédjusted each year both to reflect changing enmiental priorities, but
also to preserve the information advantage of t8®A and to limit the scope for landowners to extraformation rents.

The second experiment examines the pricing rute@fuctions and finds that discriminative pricetauns perform

significantly better on all market performance meas. Uniform price auctions have better cost @@t properties and sellers
on average made offers in this auction format wexe consistent with the revelation incentiveshig tnstitution. This auction
format does not achieve full efficiency, howevéncs the uniform price was set by the first rejdcteller's offer, and all
successful sellers received this price per unéfironmental benefits. Successful sellers, theegf@ceive prices that exceed
their offers and costs.

The finding that the uniform price auction had gee#nefficiency than the discriminative price dontwas not anticipated by
our risk-neutral theoretical benchmarks. The oftdoser to costs than this benchmark in the digoative price auction are not
anomalous, however, since they are consistentthvittoverbidding relative to the risk-neutral benahknextensively
documented in buyer auctions. Several explanatinokiding risk aversion and bounded rationalitgy& been advanced to
explain these deviations (e.g., see Goeree, Halt Palfrey and the references cited therein). filgklights the importance of
evaluating actual performance with human decisiakears prior to implementation in the field, sinceusely theoretical
comparison could be misleading.

We envision this research project as the first sfepmultistep process from concept to field aggilon. The laboratory results
provide a "proof-of concept" and preliminary conipan of alternative rules for some new auction faisnWe have employed
environmental cost and benefit parameters calidrfaten the field in these experiments to improve plotential practical
application of these design lessons. As alreadytioreed, however, the experiments do not includeespotentially important
features relevant for some environmental applicatisuch as the interaction of environmental benatiross different land use
changes. We have also used student subjects atrdIr(@onenvironmental) terminology, as is the dtm practice in
experimental economics. All of these simplificaand standard controls should be relaxed, peihdjgdd experiments and
small-scale pilot auctions with landowner particisa We acknowledge that there are limitationshenconclusions one can
draw from these laboratory experiments. This dagsmply that the experimental method is not uséulpractical policy



design; in fact, it implies the opposite: a needddditional experiments to fine tune the instdns and rules to improve chances

for success in the field.
Tabl e 1. Sunmary of the Experinmental

First Experinent: |npact of
| nformati on about Environnment al
Benefits

Subj ect s

* 3 types of subjects, 4 representing
broad acre and grazing on
pasture land, 2 representing
nonagri cultural built up areas
and 2 representing horticulture.

Sessi ons

* 11 sessions with 5-10 periods in
each session.

* Multiple offer rounds in each
peri od.

Treat nents

* Sellers have information about the
envi ronnental benefits of the | and
use change they offer (6 sessions)
or not (5 sessions).

* All paraneters relating to nitrogen
reducti on.

Procedure

* Pricing rule used: al
di scrimnative price

* The offers are ranked according to
price per unit of benefit.

* A maxi mum of 1 project is bought
from each seller

* After a round, sellers learn
if their offers have been
provi sional ly accepted and they are
allowed to revise their offers

Desi gns

Second Experinment: | npact
of the Pricing Rule

* Al subjects of one type.

30 sessions with 36 periods
in each.
No nultiple offer rounds.

Pricing rule:

di scrimnative (15 sessions)
or uniform (15 sessions).
Paranmeters relating to
nitrogen reduction and

salt reduction.

Sell ers do not know the
envi ronnental benefit of
their |l and use changes.
The offers are ranked
according to price per
unit of benefit.

A mexi mum of 1 project is
bought from each seller.



* The results fromthe final round
determ ne who sells and at what
price.

Tabl e 2. Market Performance Mddel Estimates for First Experinent

Per cent age of

Maxi num Abat ement | ndi vi dual Sell er
Real i zed = Actual/ Profits = Earnings
Maxi num Abat ement for Each I ndi vidual
for Market in Seller i, in
Expl anatory Vari abl e Period t Period t
1/ peri od 0.938 * -474.9
(0.069) (946. 6)
(period--1)/period 0.918 * 371.1
(0. 041) (563.9)
(Quality Reveal ed dummy) x 0. 005 25.9
(1/ period) (0.075) (1061. 6)
(Quality Reveal ed dummy) x -0.116 * 357.7
(period--1)/period (0.035) (606. 6)
Cbservati ons 50 400
Si gni fi cance of the <0. 0001 <0. 0001

regression (p-val ue)

Not es: Standard errors in parentheses. Asterisks denote a coefficient
that is significantly different fromzero at the 1-percent |eve
(two-tailed test). Due to the differing session |engths, to provide
conparabl e data all estinmates enploy only the data up to and i ncl uding
period 5. The table reports results after dropping one obviously

col lusive session. Al nodels are estimated with a random ef fects
error structure, with the session as the randomeffect for the
session-level analysis in the P-MAR nodel and the individual seller

as the randomeffect for the seller-level analysis of the profits
nodel

Table 3. Overall Performance by Session for Second Experi nment

Aver age Percent age of
Maxi mum Abat erment



Real i zed (P- MAR) Average Seller Profits

Di scrimnative Uniform Discrimnative Uni form
Price Price Price Price

Ni t rogen Reduction (Ten Individual Sessions in Each Treat nent)

82.8% 69. 4% 4722 6723
85. 2% 72.6% 3923 6682
84. 3% 72. 4% 4383 6528
80. 8% 74. 2% 4840 5467
88. 6% 69. 6% 2501 7828
90. 7% 70. 4% 2108 7242
88. 8% 71. 1% 2387 6593
88. 8% 71. 7% 2555 6962
88. 4% 73. 4% 2527 6098
88. 4% 67.2% 2932 5952
Treat nent Mean 86. 7% 71. 2% 3288 6608

Salt Reduction (Five Individual Sessions in Each Treatnment)

89. 0% 84. 6% 59.4 95. 6
89. 5% 85. 4% 68. 7 78. 2
89. 4% 83. 2% 67.9 107.1
89. 1% 83. 1% 62.0 88.5
88. 3% 84. 7% 60.5 96. 2
Treat nent Mean 89. 1% 84. 2% 63.7 93.1
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