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Abstract

This paper uses controlled laboratory experiments to investigate the effect of revealing the
spatial environmental scoring rule, which incorporates ecological gains obtained from spatial
coordination of conservation efforts, on auction performance across different landscape types.
We set up a stylized agricultural landscape where the environmental goal was to connect
fragmented wildlife habitats. We found that revealing the spatial environmental scoring rule
would effectively improve auction performance in the landscapes where environmental benefits
and opportunity costs are uncorrelated or negatively correlated. However, the results warn
against revealing the spatial environmental scoring rule in landscapes where benefits and costs

are positively correlated.
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1. Introduction

Intensive farming has been criticized as one of the leading causes of biodiversity loss and
ecosystem degradation (Diaz et al., 2019; Almond, Grooten, & Peterson, 2020). To tackle the
problem, agri-environmental schemes (AES) have been employed as a key policy instrument
across the globe. Critics point out that AES suffer from adverse selection due to information
asymmetries between the regulator and private landholders (Ferraro, 2008; DeBoe, 2020).
While the opportunity costs (i.e., income forgone from implementing conservation actions) are
known by individual landholders, this information is hidden to the regulator. Conversely, the
scoring rule regarding environmental values is the private information of the regulator.
Landholders usually have no access to such information. As a result of the information
asymmetry relating to farmers’ opportunity costs, the regulator risks overcompensating
landholders for conservation efforts which only generate low environmental benefits, thus
jeopardizing cost-effectiveness of the schemes (Latacz-Lohmann & Van der Hamsvoort, 1997;

Yano & Blandford, 2009; Olivieri et al., 2021).

To mitigate information asymmetry issues, allocating agri-environmental contracts through
conservation auctions has been widely advocated as a cost-revelation mechanism to reduce
information rents via competitive bidding (Latacz-Lohmann & Van der Hamsvoort, 1998; Liu,
2021). Conservation auctions in which bids are weighted against both cost and quality (known
as multi-attribute auctions) were found to be more cost-effective than those in which bids are
evaluated based on cost only (Fooks, Messer, & Duke, 2015; Iftekhar & Latacz-Lohmann,
2017). In multi-attribute auctions, bidders condition their bids not only on the opportunity costs
of conservation efforts but also on the associated environmental values (Vukina et al., 2008).
Auctioneers have control over the type and quantity of information provided to bidders.
Particularly, they could choose to communicate (or signal) their environmental scoring rule to

bidders. The signal sent by the auctioneer is expected to support bidders in constructing and
2
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submitting their bids so as to better match the auctioneer’s preferences. However, the extent to
which revealing the environmental scoring rule will improve or impair auction performance is

still a question under debate in the literature.

On the one hand, there is evidence suggesting that revealing the environmental scoring rule
intensifies rent-seeking behavior while failing to improve environmental effectiveness. Bidders
tend to tender higher bids knowing that they are offering a service of “high quality”, resulting
in low cost-effectiveness of the auctions (Gangadharan, & Duke, 2003; Cason & Gangadharan,
2004; Cason et al., 2012; Banerjee, Kwasnica, & Shortle, 2015; Lankoski, 2016; Messer et al.,
2017). By contrast, other studies suggest that disclosing the auctioneer’s environmental scoring
rule would increase transparency of the selection process, thereby increasing participation rates.
It also facilitates bidders to make offers that are highly likely to align with the auctioneer’s
preferences, thereby improving auction efficiency (Glebe, 2013; Conte & Griffin, 2017; Stoll
& Zottl, 2017; Banerjee & Conte, 2018; Quiroga, Moritz, & Guide Jr, 2021). Information
revelation does not necessarily lead to an increase in mark-ups (Gal-Or, Gal-Or, & Dukes, 2007;
Fooks et al., 2016). In a study by Conte and Griffin (2017), the authors showed that revealing

environmental quality information reduces rent-seeking rates.

There is thus far no general agreement about the effect of revealing the auctioneer’s
environmental scoring rule. This highlights the need for elucidating the conditions under which
the revelation would benefit or harm auction performance. Several theoretical and experimental
works suggest that the effect of revealing the auctioneer’s scoring rule regarding quality of
goods/services depends on both the degree of cost heterogeneity between bidders (Colucci,
Doni, & Valori, 2012, 2015; Doni & Menicucci, 2014; Qian & Anderson, 2020) and the degree
of quality heterogeneity between their bids (Zhang, Tian, & Gong, 2014). Publicizing the
auctioneer’s quality scoring rule could improve auction performance when the degree of cost

heterogeneity is low, as cost revelation will intensify bidding competition. Conversely, the
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auctioneer may be better off concealing the scoring rule regarding quality if the differences in
costs between bidders are sufficiently high. Moreover, the interplay between costs and qualities
also determines whether revelation or concealment is an effective approach to enhance auction
performance. A theoretical study by Colucci, Doni, and Valori (2011) showed that when the
degree of heterogeneity in costs is greater than the degree of heterogeneity in qualities,

revealing the auctioneer’s scoring rule could impair auction performance.

In the context of auctions for the provision of environmental public goods on farmland, the
degree of spatial correlations of opportunity costs and environmental benefits could vary across
different landscapes. They could be uncorrelated, negatively correlated (i.e., the high-benefit
parcels tend to be the low-cost parcels), or positively correlated (i.e., the high-benefit parcels
tend to be the high-cost parcels) (Heimlich, 1989; Babcock, Lakshminarayan, Wu, &
Zilberman, 1996; Ferraro, 2003; Moore et al., 2004; Chomitz et al., 2006). For instance,
Simpson et al. (2022) find that opportunity costs of creating conservation offsets on farmland
and two different indicators of farmland biodiversity are negatively correlated across a case
study landscape in Central Scotland. Armsworth et al. (2017) find that opportunity costs for
forest conservation and a range of ecological quality indicators are predominantly negatively
spatially correlated for Eastern US forest sites. By contrast, Moore et al. (2004) found positive
spatial correlations between conservation costs and environmental benefits for ecoregion
conservation across Africa. Sarker, Ross, and Shrestha (2008) found that the opportunity costs
of setting aside arable land for riparian vegetation are positively correlated with indicators for
water quality in the Lockyer catchment in Southeast Queensland, Australia. However, no
attempt has been made to explore the impact of landholders’ access to the environmental

scoring rule on auction efficiency under different landscape configurations.

Notably, the environmental scoring rule of conservation auctions often fails to capture

ecological gains from spatial coordination of conservation efforts. This has been proven as one
4
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of the key design issues inhibiting AES from achieving their full potential effectiveness
(Coisnon, Oueslati, & Salanié, 2014; Daniele, Viaggi, & Raggi, 2017). The provision of many
ecosystem services, such as wildlife habitats and water purification services, require spatial
coordination of conservation efforts to be effectively delivered (Maes et al., 2012; Pe'er et al.,
2020). Therefore, including the “spatial coordination” component in the design of
environmental scoring rule to address spatial mismatches between the ecological process and
targeted conservation efforts is of critical importance. The study by Iftekhar and Tisdell (2016)
highlighted that the environmental scoring rule in which spatially coordinated conservation
efforts are rewarded with higher environmental values than fragmented ones is crucial for

conservation auctions to achieve environmental outcomes at landscape scale.

To date, Banerjee et al. (2015) and Fooks et al. (2016) are the only experimental studies that
have investigated the effect of disclosing the spatial environmental scoring rule which
incorporates environmental increment (contiguity benefit) generated by spatially contiguous
conservation efforts. When bidders are aware of the existence of contiguity benefits, they may
increase their bids to take advantage of the higher service quality on offer. Put differently, they
endogenously determine rent premiums for the extra service they offer. We termed the
disclosure of the spatial environmental scoring rule as a spatially endogenous bonus approach
to induce agglomeration of conserved farmlands. This approach differs from a pecuniary bonus
exogenously offered by the auctioneer (e.g., Agglomeration Bonus or Threshold Bonus
(Parkhurst et al., 2002; Drechsler et al., 2010) to promote spatial coordination. With the use of
either an endogenous approach or an exogenous approach, the regulator implicitly or explicitly
expresses their desire for environmental public goods at landscape scale (Nguyen et al., 2022).
It is worth noting that the results obtained by Banerjee et al. (2015) and Fooks et al. (2016) did
not reach a consensus on the effect of revealing the spatial environmental scoring rule. Banerjee

et al. (2015) found that such information disclosure accelerated rent-seeking behavior and did
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not improve environmental outcomes. By contrast, Fooks et al. (2016) advocated disclosing the
information as they found a positive effect on spatial coordination of conservation efforts.
Analysis of bidding behavior carried out by Fooks et al. (2016) showed that revealing the spatial
environmental scoring rule could either increase or decrease rent-seeking behavior depending

on the geographical location of land parcels.

This paper, therefore, follows the calls for more empirical studies that could augment the
modest body of research and contribute to resolving the ongoing debate on the information
disclosure policy to enhance landscape-scale environmental outcomes. Specifically, this paper
aims to achieve two primary objectives: (i) to investigate the nature of the effect of revealing
the spatial environmental scoring rule on auction performance across different landscape types;
and (i1) to examine whether disclosing this information could nudge landholders to incur private

communication costs for coordinating conservation efforts across different farm holdings.

In order to achieve the research objectives, we carried out a series of controlled lab experiments
with agriculture students at Kiel University, Germany. Specifically, the students participated in
a stylized discriminatory pricing conservation auction where the government, with a limited
budget, selected offers of land retirement from six potential landholders to establish wildlife
corridors and/or stepping stones. Spatially contiguous land retirement is therefore critical for
the government to achieve its environmental management goals. The offers were ranked based
on the ratio of environmental values and procurement costs. The environmental scoring rule
incorporated weights associated with different degrees of spatial coordination of conserved

farmlands.

The experiments followed a three-by-two design varying spatial configuration of the landscape
(uncorrelated, positive, and negative) and information policy (concealment/disclosure of the

spatial environmental scoring rule to bidders). In the experiment, the subjects were given the
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option to communicate at a cost with their neighbors to negotiate/coordinate their conservation
activities and bidding strategies. This mimics the private transaction costs incurred by
landholders prior to bid submission in conservation auctions (Mettepenningen, Verspecht, &
Van Huylenbroeck, 2009). To date, there have been limited controlled studies allowing
communication to be endogenously chosen by landholders (Banerjee et al., 2017). Our paper
adds value to the experimental literature by allowing communication to be optional, which

better reflects reality.

The importance and originality of this paper is that first, it explores the role of landscape
configuration in influencing the effect of revealing the spatial environmental scoring rule on
auction performance. The results derived from interacting information disclosure policy and
landscape configuration should provide important insights into explaining the conflicting
results in the literature. Second, transaction costs have been well known as one of the main
barriers to participation and spatial coordination among private landholders in conservation
auctions (McCann & Claassen, 2016; Palm-Forster et al., 2016; Rolfe et al., 2018). This paper
will make a significant contribution to the literature by examining the effectiveness of
disclosing the spatial environmental scoring rule in addressing transaction costs barriers to
coordination among landholders. Third, the factors affecting landholders’ willingness to incur
private transaction costs in schemes targeting spatial coordination have not been explored in
existing literature. This paper will attempt to bridge this knowledge gap.

We found that auction performance is not sensitive to the information disclosure policy.
However, when auction performance was examined independently in each landscape type, the
results suggest that revealing the spatial environmental scoring rule would effectively improve
auction performance in landscapes where environmental values and opportunity costs are
uncorrelated or negatively correlated. By contrast, the results warn against the revelation of

spatial environmental scoring rule in landscapes where environmental values and opportunity
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costs are positively correlated. In such landscapes, disclosing this information could impair
auction performance. Revealing the spatial environmental scoring rule could work as a nudge
to boost bidders’ willingness to incur communication costs to coordinate conservation efforts.
Information disclosure policy should be an integral part of multi-attribute auction design to

achieve environmental targets at the landscape-scale.

2. Landscape structure and conservation auction design

Landscape structure and environmental management goal

We set up a stylized agricultural landscape with six landholders each owning six parcels of
land, for example landholder ID1 owns parcels 1-6 (see Figure 1). Suppose we have two
habitats, namely A and B (green areas), which are separated from each other by intensively
used agricultural land owned by the six landholders. The landscape in Figure 1 is made visible
to all landholders. The government aims to reduce the fragmentation between the two habitats
A and B by establishing corridors and stepping stones that enable the migration of wildlife
between the two habitats. A corridor is formed only when four parcels are connected
horizontally. Conversely, stepping stones are formed when a single parcel or a horizontal
combination of two or three parcels are connected!. For instance, as shown in Figure I,
horizontal connection of parcels 9, 10, 25 and 26 forms a corridor, while horizontal connection

of parcels 9,10, and 25 is counted as a three-plot stepping stone.

Each parcel is assigned an opportunity cost (OC) and an environmental value (EV). The OC
values in Experimental Dollars reflect the income forgone from taking land out of production.
Landholders know their own individual cost per parcel, but not that of other landholders’
parcels. Environmental value (EV) indicates units of environmental benefit generated when a
parcel is retired from production. We assume that the parcels close to the habitats generate

higher environmental benefit than those that are further from the habitat. Specifically, as shown
8



Downloaded from by guest on July 17, 2026. Copyright 2024

in Figure 1, the parcels located in Zones 1 and 4 have higher environmental values than those
in Zones 2 and 3. Within a zone, EVs are the same for all parcels. In the experiment, subjects
were provided with a map of the landscape with colour-coded parcels depicting the relative EV's

between zones?.
[Figure 1 here]

The government formalizes its management goal of improving the connectivity between the
two habitats by computing Total Environmental Value (TEVj) generated by the jth

corridor/stepping stone as follows:

TEV, =S EV, +(n,~ 1 *K ()

i=1

Where EV, denotes environmental value of parcel i, and n, represents the number of

horizontally connected parcels that are set aside for conservation in the jth corridor/stepping
stone. K is a constant increment in environmental value that is obtained due to spatial
connectivity (i.e., we assume the value of K=100). The objective function (/) indicates that
habitat fragmentation could be mitigated by having longer horizontal connectivity between the

two habitats leading to higher environmental value. In the TEV, formula (1), while (n-1)?

reflects an increasing marginal environmental value, (n—1)>*K represents “connectivity value”

or “ecological gain” of spatial coordination. In case the offer is a single parcel (n;= 1), there
will be zero connectivity value. Total Environmental Value derived from the conservation

auction is computed as follows:

TEV =3 TEV,

J=1

Where m is the number of corridors/stepping stones obtained from a conservation program.
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Auction design

We employed the format of a repeated, multiple-round, discriminatory-price auction with a
budget constraint and unknown end-points. Six rounds of auctions were run. However,
landholders were not informed of the number of rounds. They were only informed that they
would participate in a multiple-round auction, with one of the rounds being randomly chosen
for payment. The rounds are independent from each other. Landholders kept the same parcels
across rounds. Multiple-round auctions facilitate landholders to identify connectivity between
farms. The OC and EV values associated with each parcel were the same for all rounds. The
OC values were drawn from a uniform distribution on (20,150)°. These values were considered
heterogeneous as the parcels have different crop gross margins due to different crops being
grown and farmers’ management skills being heterogeneous. Similarly, the EV value for Zones
1 and 4 was 200, while that of Zone 2 and 3 was 100*. The pairwise values of OC and EV for
each landscape type (positively correlated, negatively correlated, uncorrelated) were derived
through a process of shuffling opportunity costs and environmental values to generate the
expected degree of correlation between them. The degree of correlation between OC and EV
values was calibrated in such a way that Spearman correlation coefficients equal 0.5 for the
positive landscape type, -0.5 for the negative landscape, and zero for the uncorrelated

landscape’®.

The specified total budget (B=$$1500)° was unknown to landholders, however they were
informed that not all bids can be accommodated within the budget’. The spatial environmental
scoring rule was concealed from or revealed to the subjects depending on the treatments, so that
they were unaware/aware of the existence of ecological gain from spatial coordination in the
selection process of winning bids. Note that we did not present the subjects the exact details of
the environmental objective function (7). Instead, only the abstract description of the function

was disclosured®. Accordingly, the subjects were told that the government places higher
10
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environmental values on the longer horizontal connectivity of conserved farmlands. In all
treatments, the subjects were asked to retire their parcels to establish corridors or stepping
stones to provide landscape connectivity between the wildlife habitats A and B. Landholders
freely chose which parcels they were willing to offer for conservation. They incurred a
submission fee of $$10 for each submitted bid. This reflects transactions costs for preparing
and submitting bids. Bids below opportunity costs were not allowed. Landholders were

informed that a benefit-cost ratio (BCR) is used to select successful bidders.

The government’s optimisation problem entailed selecting corridors/stepping stones that
generate the highest environmental value per dollar spent (i.e., max BCR))) until the budget (B)
was exhausted. To solve the government’s optimisation problem, we implemented a computer
algorithm for evaluating the offers (corridors/stepping stones). The algorithm computed the
benefit-cost ratios of all offers, ranked these ratios in descending order, and finally accepted the
offers with the highest benefit-cost ratios, subject to the budget constrainst. In the case that
multiple corridors/stepping stones had equal benefit-cost ratios and the budget was insufficient

to acquire all of them, the government randomly selected one from among those.

M BCR TEY,
ax; =
T ! Z:lil bldl

nj

=1

11
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where i is a parcel in the jth corridor/stepping stone. M is a set of offered corridors/stepping

stones.

At the end of each round, landholders were informed of the winning parcels across the
landscape and how much they earned from the auction. Information about their neighbors’

earnings was not revealed.

To evaluate and compare auction performance across different treatments, we use the following

criteria: mark-up rate, degree of spatial coordination, and cost-effectiveness’. Mark-up rate

indicates how much bidders inflate their bids relative to the opportunity costs: (%). The

number of connected parcels is used as a proxy to measure the degree of spatial coordination.

Cost-effectiveness reflects the cost incurred to supply one unit of environmental benefit

Ywinners'bids
C— )
YTEV

3. Experimental procedures

The lab experiments were conducted online with 180 agriculture students at Kiel University,
Germany, from November 2021 to March 2022 via Ztree -Unleashed (Duch, Grossmann, &
Lauer, 2020). Using context-free approach is commonly considered as a way to achieve
experimental control. However, the literature also suggests that neutral instructions are still
subject to construal in which people might interpret the instructions in subjective ways (Voors
et al., 2012). Our experiments were framed in the context of an agricultural landscape where
two habitats are fragmented from each other due to intensive farming on privately-owned land.
We deliberately chose a contextualised experiment in order to provide a context the students
would be familiar with. This would help them improve their understanding and make their

choices more consistent and strategic (Krawczyk et al., 2016). As recommended by Alekseev,

12
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Charness, and Gneezy (2017), contextualised experiments are either useful or produce no
change in behaviour.

The students participated in a stylized conservation auction, a lottery game, and a questionnaire
survey. We employed the block randomisation method (Suresh, 2011) to randomly assign

subjects into six treatment groups that result in equal sample sizes (see Table 1).

[Table 1 here]

Each treatment consisted of five sessions with six subjects per session (i.e., 30 subjects per
treatment)'?. Before the sessions started, we presented the experimental instructions to the
subjects via Zoom (See section A.l. in the Appendix for the details of the experimental
instructions). After the instructions had been explained, the students took part in a quiz to
confirm their understanding of the instructions before proceeding to the main experiments. The
students received their earnings in the form of cash payments. The experiments followed a
three-by-two design varying by: (i) spatial configuration of landscape (uncorrelated, positive,
and negative) and (ii) the information disclosure policy (concealment/disclosure of the spatial
environmental scoring rule). The between-subject design allowed us to avoid the confounds
caused by order effects across the treatments. In all treatments, the subjects were provided with
a communication option in which they could freely choose with whom they wanted to
communicate. However, communication was costly ($$15 per neighbor contacted). Given the
landscape set-up shown in Figure 1, each subject had either one or two direct neighbors with
whom they could communicate to coordinate their offers'!. Communication was conducted via
a chat room with a limited time duration of 3 minutes in each round. We allowed one-way
communication between the subjects. That is, the messages could still be delivered to a direct
neighbor with whom the subject wanted to communicate, even when the direct neighbor did

not select the communication option in the first place'”>. The communication content was

13
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recorded to support interpretation of the results. A summary of the auction procedure is
presented in section A.2. of the Appendix.

To help us understand bidding behavior, we measured risk preferences and environmental
attitudes for each participant. In order to assess the risk preferences of individual subjects, we
ran lottery-based experiments using the Eckel and Grossman method (Eckel & Grossman,
2002) (See Table A.3. in Appendix). In the survey questionnaire, we used the Environmental
Attitudes Inventory protocol proposed by Milfont and Duckitt (2010) to assess the subjects’
environmental attitudes. The subjects were asked to rank a series of statements on a structured
five-point Likert scale (1 = strongly disagree, 5 = strongly agree). A Factor Analysis (Child,
2006) was employed to create latent factors reflecting eco-centric concern, anti-environmental

behavior, and environmental threat (See Table A.4. in the Appendix).

4. Experimental Results

The descriptive statistics presented in Appendix A.6 indicate that, for both the concealment and
disclosure of the spatial environmental scoring rule, the average submitted bid value per round
was highest for the positive landscape among the three landscape types. As a result, the positive
landscape type also exhibited the highest average accepted bid value per round. On average,
each bidder offered 3.79 out of 6 parcels, with 2.4 parcels being selected, representing 65% of
the offered parcels. The effect of revealing the spatial environmental scoring rule on the number
of selected parcels per bidder per round varied across the three landscape types. While an
increasing effect was observed in the uncorrelated landscape, a reduction was found in the

negative and positive landscape types.

The summary statistics suggest that the effects of information disclosure on auction
performance differ across landscape types. In this section, we therefore analyze the data at

auction level, individual landholder level, and parcel level to examine the performance of

14
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information disclosure across landscape types. Additionally, we investigated the effect of
information disclosure policy on landholders’ willingness to incur communication costs.
The main hypotheses tested in our study are as follows:

Hypothesis 1:

The effects of information disclosure on auction performance vary across landscape types.
Hypothesis 2:

Information disclosure increases landholders’ willingness to incur communication costs for
coordinating conservation efforts in all three landscape types.

Table A.5 in the Appendix provides the details of the treatments and datasets used to test the

hypotheses.

4.1. Effects of information disclosure and its dependence on landscape type

Non-parametric tests

We conducted a Mann-Whitney test using auction-level data to examine the effect of
information disclosure policy on mark-up rate, spatial coordination, and cost-effectiveness in
each landscape type (Table 2). The results shown in Table 2 suggest that the effect of revealing

the spatial environmental scoring rule varied across landscape types.

[Table 2 here]

Particularly, we found that information disclosure significantly reduced mark-up rates by 9%-
points (from 40% to 31%) at 1% level of significance in the uncorrelated landscape. Similarly,
information disclosure alleviated rent-seeking behavior in the negative landscape type.
However, the effect on rent-seeking seems to be weaker, compared to the uncorrelated
landscape type. The difference in the mark-up rates between information concealment and

disclosure in the negative landscape was only 1%-point (from 47% to 46%) at the 10%

15
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significance level. Conversely, rent-seeking behavior was considerably enhanced in the positive
landscape when the spatial environmental scoring rule was revealed. Bidders were likely to

increase their bids by 7%-points at 1% significance level.

Table 2 also reports that information disclosure significantly increased the degree of spatial
coordination obtained in both the uncorrelated and negative landscapes. The average number
of connected parcels increased from 10.43 to 12.57 in the uncorrelated landscape and from 6.70
to 8.80 in the negative landscape. The results suggest that the positive effect of information
disclosure on spatial coordination in the uncorrelated landscape is statistically significant at the
1% level, which is more pronounced than the effect observed in the negative landscape, where
significance is achieved only at the 5% level. By contrast, information disclosure significantly
reduced spatial coordination (from 11.20 to 9.53) in the positive landscape at the 1%

significance level.

In terms of cost-effectiveness, while revealing the spatial environmental scoring rule was found
to improve auction cost-effectiveness in the uncorrelated landscape, there was no effect of
information disclosure on auction cost-effectiveness in the other two landscape types. The
insignificant effects of information disclosure on auction cost-effectiveness in the negative and
positive landscapes could be explained by how changes in mark-up rate and spatial coordination
interacted within these landscape types. Specifically, in the negative landscape, the effects of
information disclosure, namely, the reduction in mark-up rate and the increase in spatial
coordination, were not pronounced enough together to lead to a significant improvement in
cost-effectiveness. In contrast, in the positive landscape, the combined effects of an increased
mark-up rate and a decreased spatial coordination due to information disclosure were not

substantial to worsen auction cost-effectiveness.

Regressions

16
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The contradictory effects of information disclosure on auction performance across the three
landscape types could have cancelled out each other, leading to the non-significant effect of
information disclosure when the data of the three landscape types was pooled, as shown in

Table 3.

[Table 3 here]

Indeed, the non-significant coefficients associated with the Information Policy variable in the
regressions of mark-up rate, spatial coordination, and cost-effectiveness suggest that the
information disclosure policy did not significantly impact any of the performance criteria.
Revealing the spatial environmental scoring rule did not change individual bidding behavior,
enhance spatial coordination, and improve the auction’s cost-effectiveness. However, the
results provided by Table 3 indicate that landscape type is an important factor driving auction

performance.

Specifically, the results derived from the regression of mark-up rate suggest that people tend
to seek more rents in the negative landscape than in the uncorrelated landscape at the 5%
significance level. Similarly, the positive landscape exhibited higher mark-ups than the
uncorrelated landscape at the 10% significance level. We found that the coefficient associated
with the interaction of negative landscape and information policy was statistically insignificant
(P-value = 0.71). This suggests that revealing the spatial environmental scoring rule was likely
to mediate the differences in mark-ups between the negative and uncorrelated landscape. On
the contrary, such information disclosure significantly increased the rent-seeking rate among
bidders in the positive landscape, compared to the uncorrelated landscape. The coefficient on
the interaction of positive landscape and information policy was statistically significant (P-

value = 0.02).

17



Downloaded from by guest on July 17, 2026. Copyright 2024

Regarding the degree of spatial coordination, the negative landscape performs more poorly
than the uncorrelated landscape in establishing conservation linkages at 1% significance level.
By contrast, the results reveal no differences in spatial coordination between the positive and
uncorrelated landscapes. However, the difference in spatial coordination between the negative
and uncorrelated landscape became insignificant when the spatial environmental scoring rule
was revealed. Unexpectedly, information disclosure significantly reduced spatial coordination
among bidders in the positive landscape, compared to the uncorrelated landscape. In terms of
cost-effectiveness, no significant differences were found between landscape types, both in the

concealment and disclosure of spatial environmental scoring rule.

Table 3 reveals that, in addition to landscape type, more communication among bidders'® did
not significantly affect bidding behavior; however, it promoted spatial coordination at 5%
significance level. No improvement in auction cost-effectiveness was observed as a result of
the communication effect. The coefficients associated with the interactions of landscape
dummies and communication were statistically insignificant in all the regressions, indicating
no significant differences in the effects of communication on auction performance between
landscape types. The non-significant coefficients associated with ROUND in the three
regressions reveal that there was no evidence to support learning effects (ROUND) on auction

performance'®.

The above analyses taken together suggest:

Result 1:

The effect of revealing the spatial environmental scoring rule on auction performance is subject
to landscape configuration. Information disclosure led to reduced mark-up rates and improved
spatial coordination in the uncorrelated and negative landscapes. By contrast, it introduced

undesirable consequences in positive landscapes, negatively affecting both mark-up rates and
18
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spatial coordination. Information disclosure improved auction cost-effectiveness in the

uncorrelated landscapes, with no such effect found in the negative and positive landscapes.

In online appendix A.8, we provide further results from an analysis of bidding behavior at
individual farm level. We found that bidders sought rents more aggressively in the positive
landscapes than in the other landscape types when the spatial environmental scoring rule was
disclosed. The intensity of rent-seeking behavior increased over time and was influenced by
bidders’ environmental concerns as well as the selection ratio of their offered parcels in the

previous round.

4.2. Analysis of bidding behavior at parcel level

Non-parametric tests

In this section, we examine how revealing the spatial environmental scoring rule influenced the
way landholders place bids in different environmental zones'>, and whether such influences

vary across landscape types.

To do so, we plotted the mark-ups for the two information treatments in the high-EV and low-

EV zones'® across each landscape type (See Figure 2).

[Figure 2 here]

We found that in the negative landscape type, the bidding strategies on the high-EV and low-
EV zones were opposite when the spatial environmental scoring rule was revealed: bid shading
increased in the low-EV zones, while it decreased in the high-EV zones. The former may occur
because the bidders were aware of the critical location (center location) of the parcels in the
low-EV zones for establishing corridors/stepping stones. The latter could be attributed to the

winning bid incentive in which the reduced rents on the parcels in the high-EV zones could
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help increase the probability of winning the auction. The Mann-Whitney U tests revealed that
the increased rent seeking on the low-EV parcels is not significant (P-value = 0.443). By
contrast, the reduced rent seeking on the high-EV parcels was found to be statistically
significant at the 1% level (P-value =0.000). In other words, the dominant bidding strategy in
the negative landscape was to lower rents on the high-EV parcels when the spatial

environmental scoring was revealed.

In the positive landscape, we observe the same bidding strategies on both low- and high-EV
parcels. That is, bidders extracted more rents when the spatial environmental scoring was
revealed. The level of extraction was found to be significantly greater on the low-EV parcels,
which are also low-cost parcels and have essential locations for contiguous land management
between farms (Mann-Whitney U test P-value = 0.021), than on the high-EV parcels which are
also high-cost parcels (Mann-Whitney U test P-value = 0.091). By contrast, in the uncorrelated
landscape, revealing the spatial environmental scoring rule led to a considerable reduction in
mark-up rates on both high-EV (Mann-Whitney U test P-value = 0.026) and low-EV parcels

(Mann-Whitney U test P-value = 0.054).

Regression

To closely examine the effects of information disclosure among other factors, such as landscape
type, environmental zone, and outcome in the preceding round on bidding behavior, we
employed a random effects regression model in which observations were clustered at parcel

level!’

(Table 4). We found no significant effect of information disclosure on mark-up rates at
parcel level. However, the significant and positive coefficient associated with environmental
zones suggest that landholders tended to inflate their bids more in the high environmental value

(high-EV) zones than in the low environmental value (low-EV) zones. Our results echo the

findings from the Conservation Reserve Schemes (Kirwan, Lubowski, & Roberts, 2005).
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[Table 4 here]

Rent-seeking behavior was more intensive in the negative landscape type than the uncorrelated
landscape type. Interestingly, when we interacted negative landscape with information policy,
the non-significant and positive coefficient reveals that disclosing the spatial environmental
scoring rule made mark-up rates in the negative landscape no longer significantly greater than
those in the uncorrelated landscape. In other words, such information disclosure could
potentially help mitigate rent-seeking behavior in the negative landscape. We found that rent-
seeking rates in the negative landscape type tended to be higher in the high-EV zones than the

low-EV zones. This pattern was observed irrespective of the information policy.

By contrast, disclosing the spatial environmental scoring rule fostered more aggressive bidding
in the positive landscape compared to the uncorrelated landscape. The significant and negative
coefficient associated with the interaction between positive landscape and environmental zone
shows that bidders sought higher rents on the parcels in the low-EV zones, which are also low-
cost parcels than on the parcels in the high-EV zones, which are also high-cost parcels. The
results also suggest that the information disclosure did not significantly alter the interaction

effect of the positive landscape type and environmental zone.

Additionally, as shown in Table 4, we did not find statistically significant effects of round and
winning status in the previous round on mark-up rates. The results suggest that there is no

evidence indicating the presence of a learning effect on parcel-level bidding behavior over time.

Result 2: Disclosing the spatial environmental scoring rule had contrasting effects: it increased
rent seeking behavior in the positive landscape and decreased it in the negative landscape,
relative to the uncorrelated landscape. When the spatial environmental scoring rule was
revealed, bidding strategies on the high-EV and low-EV zones differed across landscape types.

Specifically, in the negative landscape, bidders elevated their bids in the low-EV zones while
21
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reducing their bids in the high-EV zones. In contrast, in the positive landscape, bidders aimed
for higher rents on both the low-EV and high-EV parcels. Meanwhile, in the uncorrelated
landscape, bidders, in response to the information about the environmental scoring rule,

strategically opted to lower their bids on both the low-EV and high-EV parcels.

4.3. Willingness to incur communication costs

Since we found evidence supporting the effect of communication on boosting spatial
coordination of conservation efforts, we were interested in examining whether revealing the
spatial environmental scoring rule could work as a nudge to boost landholders’ willingness to
incur communication costs!®. Table 5 shows the estimates derived from a random-effects
regression model, where the dependent variable is individual bidders’ communication costs.
Observations were clustered at the individual bidder level. The results suggest that revealing
the spatial environmental scoring rule increased landholders’ willingness to incur
communication costs. However, the extent to which information disclosure promoted

communication among bidders varied across landscape types.

[Table 5 here]

Indeed, revealing the spatial environmental scoring rule significantly boosted bidders’
willingness to communicate in the negative landscape type, relative to the uncorrelated
landscape. By contrast, no significant effect of information disclosure on bidders’
communication expenditure was found in the positive landscape, relative to the uncorrelated
landscape. Bidders in the negative landscape type expressed the least interest in using the
communication option compared to other landscape types when the spatial environmental
scoring rule was concealed (see Figure A.12. in the Appendix). This could be because bidders
perceived the probability of low-EV, high-cost parcels being selected in the negative landscape

to be low. On the contrary, when bidders were aware of the spatial environmental scoring rule,
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their willingness to communicate with their direct neighbors to coordinate their bids

significantly increased.

We conducted communication content analysis for each landscape type using the qualitative
analysis software (Atlas ti). Each message from the bidders was reviewed line by line and
categorized into specific segments through code assignment. These codes were then grouped
into the primary themes. Specifically, we identified three main themes discussed by bidders
when opting for the costly communication option across all three landscape types: the interest
in building corridors and/or stepping stones with their direct neighbors, deliberations on bidding
strategies (i.e., auction rules, offered parcels with associated bids, and the most effective
winning strategies), and expressions of agreement or disagreement regarding the bidding

strategies.

The results suggest that the average communication expenditure was highest in the negative
landscape, followed by the uncorrelated and positive landscape types when the spatial
environmental scoring rule was disclosed (see section A.12. in the Appendix for details of
bidders’ communication expenditure across the landscape types). It is worth noting that the
results of Levene’s test confirmed unequal variances in communication expenditure across the
three types of landscapes when the spatial environmental scoring rule was disclosed at the 10%
significance level (W=2.819, P =0.06). The largest variance occurred in the positive landscape,
followed by the negative and uncorrelated landscapes. The results suggest a higher degree of
heterogeneity in bidders’ willingness to incur communication costs in the positive landscape.
Our results are in line with the findings of Groth (2008) and Weber (2011) indicating that ex-
ante private transaction costs in a German biodiversity conservation auction vary between

farmers.

Bidders with more direct neighbors and those concerned about the environment spent more on

communication expenditure. Risk attitude was found not to have any significant effect on
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bidders’ willingness to communicate. When we accounted for ROUND, bidders were less likely
to communicate with their neighbors over time. This could be because bidders gained more
experience in coordinating bidding strategies with their neighbors over the auction rounds, thus
reducing the need for frequent communication, which in turn lowered communication costs
over time. The results corroborate the findings of Coggan et al., (2013) and Coggan et al., (2015)
who showed that farmers having past experience with agri-environmental schemes spent less

on private transaction costs.

Result 3: Overall, revealing the spatial environmental scoring rule could enhance bidders'
willingness to bear communication costs, thereby facilitating coordinated bidding for adjacent
parcels. This effect was notably prominent in the negative landscape, followed by the positive
landscape. In contrast, no such significant effect was observed in the uncorrelated landscape.
As a result of a learning process, the willingness to communicate among bidders decreased

over time.

In sum, Results 1 and 2 provide empirical evidence supporting Hypothesis 1, while Result 3
supports Hypothesis 2 in the negative and positive landscapes, but not in the uncorrelated

landscape (See Table A.5 in the appendix).

5. Discussion

Our experimental work investigates the effect of disclosing the spatial environmental scoring
rule in promoting landscape-scale environmental outcomes across three landscape types. The
results lend experimental support to the positive effect of information disclosure in the
uncorrelated landscape type: reducing rent seeking, enhancing spatial coordination, and
improving auction cost-effectiveness. The results are in line with those obtained in Fooks et al.
(2016). However, they differ from the findings presented by Banerjee et al. (2015) suggesting
withholding the information to avoid increased rent-seeking behavior. It is worth noting that

although these two studies examined the effect of disclosing the spatial environmental scoring
24



Downloaded from by guest on July 17, 2026. Copyright 2024

rule in the uncorrelated landscape type, they used different spatial landscape networks. Banerjee
et al. (2015) adopted a symmetric landscape network (i.e., a circular network) without location
advantage across parcels. By contrast, Fooks et al. (2016) used an asymmetric landscape
network where the parcels with different geographical locations (i.e., corner, interior, and edge)
have different comparative location advantages in building connected conservation lands. It is
worth noting that different network types (e.g., circular, line, or lattice networks) are likely to
provide different strategic settings, thereby different strategic uncertainties for spatial
coordination (Banerjee et al., 2017). Therefore, it could be possible that the contradictory
findings between Fooks et al. (2016) and Banerjee et al. (2015) are partly attributed to the
differences in spatial landscape networks. Similar to Fooks et al. (2016), our landscape network
was structured asymmetrically to closely reflect real agricultural landscape networks. This
might explain why we found consistent findings with those of Fooks et al. (2016), but not with
those of Banerjee et al. (2015). However, to accurately unravel the role of network structure on
the performance of information disclosure policy, future work is needed to provide a systematic

investigation.

We also found that revealing the spatial environmental scoring rule had a positive effect on
auction performance in the negative landscape type, but the effect was not as salient as it was
in the uncorrelated landscape. Specifically, we found a slightly reduced mark-up rate and
increased spatial coordination but no improvement in cost-effectiveness. Unexpectedly, we
found that revealing the spatial environmental scoring rule accelerated rent seeking in the
positive landscape type. These results further support those of Cason et al. (2003) and Cason
and Gangadharan (2004), who also found evidence against disclosing environmental values to
bidders. Note that these studies did not incorporate the aspect of spatial coordination in the
environmental scoring rule. We, therefore, need more rigorous empirical investigations on the

effect of revealing the spatial environmental scoring rule across landscape types. This would
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enable us to obtain more generalized lessons.

Within the scope of our study, the experimental analyses at the parcel level allowed us to gain
insights into the underlying causes of the conflicting effects of revealing the spatial
environmental scoring rule on auction performance across the three landscape types. Given our
landscape setup, the parcels located in the low-EV zones (interior areas) have comparative
location advantages in establishing spatial connectivity. Therefore, when bidders were aware
of the auctioneer’s preferences for coordinated conservation efforts, they tended to adjust their
bids on their low-EV parcels upwards. Our results are in agreement with Fooks et al. (2016)’s
findings showing that bidders tend to seek more rent on the interior parcels located at the
landscape center than the corner parcels. In our study, the low-EV parcels were likely to be
low-cost parcels in the positive landscape type, but likely to be high-cost parcels in the negative
landscape type. This explains why rent-seeking behavior was more strongly intensified in the
positive landscape type than in the negative landscape type regarding the low-EV zones. Our
results corroborate the findings of previous work suggesting that bidders tend to seek more rent
on low-cost parcels than on high-cost parcels (Latacz-Lohmann & Schilizzi, 2005; Iftekhar,

Hailu, & Lindner, 2012).

Moving on to the parcels in the high-EV zones (edge areas), our results are consistent with
Fooks et al. (2016) indicating that bidders were likely to tender lower bids to increase the
probability of being accepted when the spatial environmental scoring rule was revealed. The
effect of information disclosure on bidding behavior was found to be more prevailing in the
high-EV zones than the low-EV zones in the negative landscape; we thus observed a decreasing
tendency in the rent-seeking rate. On the contrary, in the positive landscape the information
disclosure has a more significant effect on the low-EV zones than on the high-EV zones. This
resulted in an increased rent-seeking rate in the positive landscape type. Our results suggest that

reducing information asymmetry regarding the spatial environmental scoring rule between
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landholders and environmental agencies might make the environmental agencies worse off due

to bidders’ strategic behavior in the positive landscape.

Our study has shown that auction outcomes in different landscape configurations are highly
sensitive to the choice of information policy. The results suggest that the optimal information
disclosure strategy should be tailored to specific contextual characteristics. As observed in real-
world conservation auctions, different information disclosure strategies have been applied. For
instance, in Bush Tender, which aimed to achieve nitrogen and salt reduction in Australia, the
auctioneer chose to withhold the information about environmental benefits associated with land
management options from landholders (Cason & Gangadharan, 2004). Note that Bush Tender
did not target spatial coordination of conservation efforts. By contrast, in the Conservation
Reserve Program, which pays landholders to take environmentally sensitive cropland out of
production, landholders were given abstract information about the environmental scoring rule
(i.e., the Environmental Benefit Index (EBI)). The EBI consists of several components'’,
including “conservation priority areas” which specifies the targeting areas where lands have
higher environmental value. However, the weights associated with the EBI components were
not made public and they could be modified to reflect the changing priorities of the program
(Szentandrasi et al., 1995). Whether the current choices of information disclosure strategy in
these examples of real-world auctions are optimal is still an empirical question for future work.
It is worth noting that the current EBI metric included a spatial targeting component
(“conservation priority area”), which may or may not achieve spatial coordination of
conservation efforts (Hellerstein, 2017). One might be interested in examining whether the
inclusion of a “spatial coordination of offered bids” component in the EBI affects the optimal
choice of information disclosure strategy. Moreover, changing the weights associated with the
EBI components would alter the strategic environment (Dooley, 2018) and therefore might

affect, to some extent, the performance of a particular information disclosure policy. This would
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be an interesting area for further investigation. Our study has demonstrated that landscape
configuration and information disclosure policy could jointly shape auction performance.
Therefore, the government’s decision to reveal or conceal the spatial environmental scoring
rule should be well-informed by a good understanding of the landscape configuration facing
landholders. It would be desirable for future work to replicate our study using subjects from the

farming population to examine external validity of the results.

Our study has only looked at the effect of revealing abstract information about spatial
environmental scoring rule. Future work could vary the degree of explicit preference signaling
(i.e., concealment, abstract revelation, and full revelation) and examine the relative performance
of these information disclosure policies. It should be noted that auction format (e.g., uniform
vs discriminatory) may influence the optimal choice of information disclosure policy (Cason &
Gangadharan, 2004). More work is needed to understand the interplay effect between pricing
rule and information disclosure policy on the performance of spatially-targeted auctions across

landscape types.

Our study provides suggestive evidence for the potential effect of revealing the spatial
environmental scoring rule in nudging landholders to overcome insurmountable private
communication costs. This contributes to boost landholders to coordinate and enroll land in a
spatially-coordinated manner in the uncorrelated and negative landscape types. The finding
matches those observed in previous studies (Banerjee et al., 2017; Warziniack, Shogren, &
Parkhurst, 2007) indicating that interpersonal communication among landholders is vital for
successful coordinated conservation efforts. This finding has important implications for
improving auction performance, especially in the negative landscape configuration?® where the

degree of spatial coordination was the lowest among the three landscape types.

Along similar lines within the literature (e.g., Banerjee (2017) and Kuhfuss et al., (2022)), we

found evidence to support the idea of using a non-pecuniary approach (i.e., highlighting the
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amplification of ecological benefits gained by spatial coordination among landholders) to
enhance landscape-scale environmental outcomes in the uncorrelated and negative landscape
types. Future work could involve the comparison of the performance of the two approaches:
endogenous approach (non-pecuniary approach) and exogenous bonus (pecuniary approach,
such as Agglomeration Bonus) on auction performance across three landscape types. It is
particularly interesting to explore whether unlike an endogenous bonus, an exogenous bonus

could effectively improve auction performance in the positive landscape type.

6. Conclusions

In sum, revealing the spatial environmental scoring rule in conservation auctions as a top-down
information nudge (i.e., policy-makers communicating with landholders) could effectively
enhance the peer-to-peer nudge (i.e., landholders communicating with landholders) for
achieving better environmental outcomes at landscape scale. Landscape configuration is
fundamental in shaping the desirability of revealing the spatial environmental scoring rule. It
could be an effective approach to improve auction performance in the uncorrelated or negative
landscape types. However, it could backfire on auction performance in the positive landscape.
Reducing uncertainty about the environmental scoring rule is not always a good strategy for
auctioneers. This study would be of useful assistance to the design of optimal information

disclosure policy for more effective auction design.
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Tables

Table 1: Experimental treatments

Treatments Spatial correlation of opportunity costs and environmental
(Between-subject design) benefits

Uncorrelated Negative Positive
Information concealment 5 sessions 5 sessions 5 sessions

(Conceal the spatial

environmental scoring rule)

(Treatment T1 0)

(Treatment T1 _N)

(Treatment T1 _P)

Information disclosure
(Reveal the spatial

environmental scoring rule)

5 sessions

(Treatment T2 0)

5 sessions

(Treatment T2 N)

5 sessions

(Treatment T2 P)
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Table 2: Effect of information disclosure policy on auction performance across different types of landscape

Mean Value Mann-Whitney test results:
(Standard Deviation) Prob > |z|
Uncorrelated | Uncorrelated | Negative Negative Positive Positive
landscape landscape | landscape | landscape | landscape | landscape
+ + + + + +
Information | Information |Information [Information|Information|Information
concealment | disclosure |concealment| disclosure |concealment| disclosure
(T1) (T4) (T2) (TS) (T3) (To) T1 vs T4| T2 vs TS| T3 vs T6
1.397 1.314 1.471 1.455 1.408 1.480
Mark-up (0.161) (0.129) (0.183) (0.175) (0.200) (0.152) |0.007***| 0.086* |0.008%**
Spatial 10.433 12.567 6.7 8.8 11.2 9.533
coordination (1.906) (1.942) (3.153) (2.497) (1.648) (2.27)  |0.000%**| 0.010%* |0.005%**
Cost- 0.332 0.32 0.378 0.348 0.345 0.357
effectiveness (0.044) (0.066) (0.072) (0.059) (0.041) (0.044) |0.008***| 0.101 0.185

Note: *, ** *** indicate significance at 1%, 5% and 10% levels of significance, respectively
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Table 3: Parameters estimates for random effects regression on auction performance

Markup Spatial coordination Cost-effectiveness

Coeff Std.Err. ~ P-value  Coeff Std.Err.  P-value  Coeff Std.Err. P-value
Round 0.01 0.01 0.12 0.02 0.02 0.11 -0.01 0.01 0.87
Information policy (Baseline: Information concealment) -0.01 0.03 0.89 -0.02 0.08 0.79 -0.01 0.02 0.51
Negative landscape (Baseline: Uncorrelated landscape) 0.13%* 0.05 0.01 -0.43%%* 0.11 0.00 0.03 0.02 0.28
Positive landscape (Baseline: Uncorrelated landscape) 0.08* 0.05 0.09 -0.13 0.08 0.13 0.02 0.02 0.29
Negative landscape x Information policy 0.02 0.05 0.71 -0.08 0.16 0.59 -0.01 0.04 0.82
Positive landscape x Information policy 0.14%* 0.06 0.02 -0.38*** 0.11 0.00 0.01 0.03 0.69
Communication 0.01 0.01 0.24 0.01%* 0.01 0.04 0.01 0.01 0.98
Communication x Negative landscape -0.01 0.01 0.23 0.01 0.01 0.45 0.01 0.01 0.66
Communication x Positive landscape 0.01 0.01 0.86 0.01 0.01 0.89 0.01 0.01 0.54
Constant 1.27%** 0.04 0.00 0.98#** 0.08 0.00 0.34#%* 0.02 0.00
Wald Chi 23.16 118.69 6.18
Obs 180 180 180

Note: *, ** *#* indicate significance at 1%, 5%, and 10% levels, respectively
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Table 4: Effect of environmental zone and information disclosure policy on mark-up rate at parcel level

Coefficient Robust Std.error P value
Round 0.001 0.004 0.701
Environmental Zone (1=High; 0 = Low) 0.152%** 0.045 0.001
Negative landscape (Baseline: Uncorrelated) 0.146%** 0.047 0.002
Positive landscape (Baseline: Uncorrelated) 0.029 0.035 0.404
Negative landscape x Environmental Zone 0.618*** 0.094 0.000
Positive landscape x Environmental Zone -0.217*** 0.070 0.002
Winning status in the previous round @ 0.014 0.011 0.184
Information policy (1= Disclosure; 0 = Concealment) 0.056 0.046 0.221
Negative landscape x Information policy 0.126 0.095 0.184
Positive landscape x Information policy 0.171%* 0.070 0.015
Negative landscape x Environmental Zone x Information
policy -0.149 0.139 0.286
Positive landscape x Environmental Zone x Information
bolicy 0.014 0.139 0.918
Constant 1.389%** 0.031 0.000
Sigma(u) 0.492
Sigma(e) 0.222
Rho 0.831
Wald Chi? Chi’>= 158.01 Prob > Chi’>=0.000
Obs 3362

Note: *, ** #** indicate significance at 1%, 5% and 10% levels of significance, respectively. Non-offered parcels were excluded from the
analysis. @ Winning status in the previous round was assigned a value of 1 if the parcel was selected in the previous round; otherwise, it
was assigned a value of 0. The winning statuses of parcels were coded starting from round 2. Therefore, observations associated with
Round 1 were excluded from the analysis.
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Table 5: Factors affecting bidders’ willingness to incur communication costs

Coeff Robust Std.Err P-value

Round -0.094*** 0.014 0.000
Information policy (1= Disclosure; 0 = Concealment) 0.201** 0.084 0.017
Negative landscape (Baseline: Uncorrelated) -0.033 0.072 0.651
Positive landscape (Baseline: Uncorrelated) -0.041 0.078 0.602
Negative landscape x Information policy 0.373%* 0.144 0.010
Positive landscape x Information policy 0.246 0.165 0.137
Selection ratio in the previous round! -0.006 0.072 0.931
Number of direct neighbors 0.253%** 0.051 0.000
Risk 0.008 0.015 0.608
Eco-centric concern -0.023 0.043 0.586
Anti-environmental behavior -0.085%* 0.047 0.076
Environmental threat 0.011 0.047 0.811
Constant 0.434%** 0.114 0.000
Wald Chi? 69.31 Prob Chi? = 0.000
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Note: *, ** *** indicate significance at 1%, 5% and 10% levels of significance, respectively. ! Selection ratio is the

proportion of selected parcels compared to the total number of offered parcels.
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Figures

Figure 1: Stylized agricultural landscape set-up. Source: Nguyen, Latacz-Lohmann, and
Hanely 2024, fig. 1.

Figure 2: Comparison of mark-up rates between the two information treatments in the high-

and low-environmental value zones

Footnotes

' Wildlife corridors and stepping stones in our experiments were formulated based on the
definitions of wildlife corridors/stepping stones provided in the conservation literature (Baum,
Haynes, Dillemuth, & Cronin, 2004; Kramer-Schadt, S Kaiser, Frank, & Wiegand, 2011).
Accordingly, wildlife corridors are connections across the landscape that link up areas of habitat
to allow movement of species. Stepping stones are relatively small patches connecting to each
other. While stepping stones are unable to allow the movement of some species, such as land
mammals and crawling insects, they facilitate the movement of other species, such as birds and
flying insects. The ecological benefit of a corridor is therefore greater than that of a stepping
stone. However, Wu, Zhang, Luo, Wang, and Zhao (2022) also highlighted that preserving
continuous corridors on private lands is more challenging compared to preserving stepping
stones.

Banerjee and Conte (2018) suggested that revealing the relative form of environmental benefit
information reduces rent premiums sought by landholders and improves auction cost-
effectiveness than revealing the parcels’ absolute EVs.

3 Gross margins of arable crops in Germany range between €200 and €1500 per hectare.

4 Landscapes are often characterised by uneven distribution of environmental values and costs of
supplying environmental services (Thomson et al., 2020). Banerjee et al (2009) in their theoretical
study introduced heterogeneity in environmental values and indicated that spatial location of
parcels with similar magnitudes of environmental benefits influences the likelihood of achieving

desirable spatial configuration of conserved parcels. In our study, we focus on the landscapes
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where parcels with similar magnitudes of environmental values are geographically dispersed (i.e.,
similar types of parcels are not horizontally situated to each other).

3 Due to the information asymmetry between the regulator and private landholders regarding
farmers’ opportunity costs, adopting fixed-payment schemes poses the risk of
overcompensating landholders for low-cost and high-EV parcels. In addition, fixed payment
schemes might not be attractive enough to enroll high-cost and low-EV parcels, thus failing to
achieve spatially targeted environmental outcomes such as the establishment of wildlife
corridors. These jeopardize the cost-effectiveness of the schemes. Therefore, one would opt to
run conservation auctions when opportunity costs and environmental values are negatively
correlated rather than fixed payment schemes.

% The budget is calibrated as follows: we assumed the scenario that bidders would submit bids
equal to the parcels' opportunity costs. To reflect the situation where the government often faces
budget constraints and cannot accommodate all bids, we first assumed that the government’s
budget was only 30% of the total opportunity costs available. We then further increased this
budget amount by 50% to account for a rent premium of 50% on the offered parcels. This
calculation resulted in a budget of $$1500 set for our experiments.

" Bidding behavior was found to be sensitive to budget information (Messer, Duke, & Lynch,
2014; Messer et al., 2017). However, little is known about the optimal budget information
disclosure strategy. This could be an interesting area for future work.

8 The subjects were not informed about the absolute value of K relative to transaction costs
(submission and communication costs). Their willingness to coordinate depended on their
perceived relative variability of environmental value compared with costs. We hypothesize that
subjects' willingness to coordinate would be greater when they are aware of the potential
ecological gains from spatial coordination. Our stylized landscape is designed such that the
spatial variability of total costs exceeds that of total environmental values. As the subjects learn

across rounds, we anticipate variations in their bidding strategies. In other words, knowing
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about the ecological gains from spatial coordination does not necessarily guarantee a higher
degree of spatial coordination over time.

? Other potential performance criteria for assessing auction performance, such as the Payment-
Budget ratio (the total payments divided by the budget), Ask-payment ratio (the sum of bids
divided by the sum of payments), and Percentage of Optimal Cost-effectiveness Realized (the
ratio of environmental benefits obtained per dollar to the maximum achievable at the optimal
allocation, where landholders' bids equal opportunity costs). We conducted analyses using these
criteria as well but did not uncover any additional insights beyond our current findings.

19We conducted two pilot experiments to test the experimental design and the results from the

Y:bids
>0Cs

pilot testing were used as priors for means and standard deviations of mark-up rate ( ) from

the treatments. The sample size was determined via sample size calculation given by Canavari,
Drichoutis, Lusk, and Nayga Jr (2019) to ensure 80% chance of correctly rejecting the null
hypothesis (i.e. a power (1-5) = 0.8).

! Direct neighbors are those whose parcels are horizontally adjacent to each other. For instance,
subject ID1 has one direct neighbor that is subject ID4, while subject ID4 has two direct
neighbors including subject ID1 and subject ID2 (see Figure 1). Most experimental designs in
the literature on economic incentives for spatial coordination employed the spatial set-up that
could help avoid asymmetric neighborhood structure, such as a circular network. However, a
circular network setting does not reflect many real-world landscape settings. In addition,
different network types, for instance line networks and lattice networks, will provide different
strategic settings as landholders will have different numbers of neighbors, thereby facing
different strategic uncertainties for spatial coordination (Banerjee, 2017). Exploring strategic
interactions between landholders for spatial coordination on line networks with asymmetric
neighborhood structure is, therefore, recommended. It might provide more insights into how

landholders will respond differently to the information about spatial environmental scoring rule,
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given different degrees of strategic uncertainty. We examine whether bidding behavior of
landholders located at the edge of the landscape, who have fewer direct neighbors, differ
significantly from other landholders (the edge effect).

12 In the study by Banerjee, Cason, de Vries, and Hanley (2017), optional and costly
communication was treated as an exogenous treatment. In the non-communication treatment,
subjects did not have the option to communicate with their neighbors. By contrast, in the
communication treatment, subjects could choose to communicate at their own cost. However,
this differs from our study. In all treatments of our study, subjects could freely choose to
communicate or not. This reflects the reality where communication decisions are not
exogenously determined by anyone else but are solely determined endogenously by landholders
themselves. Our focus was not to investigate whether the availability of optional and costly
communication influences auction performance. Instead, we focused on whether landholders’
willingness to communicate, as measured by the total communication costs they incurred for
communication, affects auction performance.

13 In each round, communication cost incurred by each landholder was computed by multiplying
the total number of direct landholders with whom each landholder chose to communicate by
the cost associated with each communication, set at 15 Experimental Dollars. Total
communication cost for a given round is then computed by summing up the communication
costs of all landholders in that round.

4 To further examine whether a learning effect occurs in any landscape type, we conducted
Cuzick’s tests to examine whether mark-up rates, spatial coordination, and cost-effectiveness
consistently exhibit tendencies to increase or decrease over time in different landscape types.
While the results derived from Cuzick’s test suggest a lack of clear trends in mark-up rates over
time in the uncorrelated landscape type, improvements in spatial coordination and cost-
effectiveness were notably observed over time with statistical significance of 10% and 5%,

respectively. Conversely, for the other landscape types, no evident trends in mark-up rates,
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spatial coordination, and cost-effectiveness were discerned. See Appendix A.7.

5" We employed a random effects probit model to examine whether knowledge about the
spatially environmental scoring rule help increase the probability that bidders offer the interior
parcels (located in Zones 2 and 3) across landscape types so as to increase spatial coordination
of conservation efforts. We found that revealing the spatial environmental scoring rule enhances
the probability of offering the interior parcels located in critical locations for contiguous land
management in the negative landscapes compared to the uncorrelated landscapes. This
facilitates the establishment of spatial connectivity of conservation efforts. Conversely, no such
effect was found in the positive landscapes. See Appendix A.9 for details.

16 Subjects’ decisions on whether or not to offer a particular parcel over 6 rounds may not be
independent. Therefore, “parcel” is chosen as the cluster level.

17 The results derived from the Mann-Whitney tests examining the significant differences of
mark-up rates between the two bonus treatments in the high-EV and low-EV zones are provided
in Section A.10 of the Appendix.

18 Transaction costs borne by bidders include submission and communication costs. We also
estimated the effect of revealing the spatial environmental scoring rule on bidders’ willingness
to offer parcels (i.e., their willingness to incur submission fee). However, our results reveal a
non-significant effect (See Appendix A.11 for details).

19 Environmental Benefit Index consists of five environmental components, a cost component
and the conservation priority area component (FSA, 2012)

20 Biodiversity conservation programs often operate in landscapes where the spatial correlation
of opportunity costs and environmental values is negative. Biodiversity tends to be higher in
areas with less intensive farming or less disturbed ecosystems, implying lower opportunity costs

(Lundberg, Persson, Alpizar, & Lindgren, 2018).
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