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Abstract

The agglomeration bonus (AB) has been advocated as an
incentive mechanism to boost spatially coordinated con-
servation efforts, where such coordination is thought to
be beneficial to achieving biodiversity or other ecological
outcomes. Specifically, an AB is paid to individual land-
holders if their conserved habitats are spatially connected
to the conserved habitats of adjacent neighbours. This
paper employs a series of controlled lab experiments with
agriculture students to investigate the performance of
AB in budget-constrained discriminatory-price auctions
across different landscape types. We focus on the spatial
correlation of opportunity costs and environmental ben-
efits as one potentially important aspect of the landscape.
We set up a stylised agricultural landscape where the
conservation agency aims to connect fragmented wildlife
habitats by incentivising farmers to enrol land in a con-
servation programme. We investigate the effects of an AB
in landscapes where opportunity costs and environmental
benefits are uncorrelated, negatively correlated or posi-
tively correlated over space. We found that the benefits
of an AB in improving landscape-scale environmental
outcomes were significant in the positive correlation land-
scape. However, the AB resulted in worse outcomes in the
uncorrelated and negative landscapes.
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1 | INTRODUCTION

Agri-environmental schemes (AES) have gained increasing prominence in agri-
environmental policy as a means to financially incentivise farmers to provide biodiversity
and ecosystem services on private farmland (de Vries & Hanley, 2016; Hasler et al., 2022).
However, the success of AES at achieving environmental targets has been questionable.
Recent AES evaluation studies warn that AES have often failed to generate environmental
improvements and that the degradation of farmland biodiversity continues at an alarming
rate (Ait Sidhoum et al., 2022; Cullen et al., 2021). Attempts to understand the barriers to
effective AES design and implementation are essential to reconcile agricultural production
and nature conservation.

One of the critiques of conventional AES is that incentive mechanisms do not reward higher
connectivity of conserved farmland (Groeneveld et al., 2019; Westerink et al., 2015). Farmers
usually select their least productive parcels for conservation, typically leading to spatially
fragmented conservation patterns. This inhibits AES from exploiting the full potential of en-
vironmental gains obtained by spatial coordination across landholdings in many settings. In
many situations, the more fragmented the conserved habitats are, the less their contribution
to sustaining wildlife populations (Naidoo et al., 2018; Wiinscher et al., 2008). When spatial
coordination of conservation efforts is a prerequisite for achieving environmental targets, such
as for establishing wildlife corridors, failing to spatially coordinate conservation actions at the
landscape scale would likely result in a high risk of not achieving the environmental targets
(Leventon et al., 2017).

To overcome such spatial scale issue of AES design, landscape-scale oriented AES have been
promoted as the way forward for the next generation of AES (Barral & Detang-Dessendre, 2023).
Economists have proposed two incentive mechanisms for achieving landscape-scale environ-
mental outcomes. These are spatially targeted conservation auctions and the agglomeration
bonus (AB). The former ranks bids in a conservation auction according to environmental scor-
ing rules which take into account the additional environmental benefits of spatial contiguity
of conservation efforts (Banerjee et al., 2015; Krawczyk et al., 2016). The latter is a two-part
subsidy scheme. Farmers earn a bonus for enrolling land that is adjacent to other conserved
farmlands. This bonus is paid on top of the standard payment in fixed-payment schemes or
on top of the winning bid amounts in conservation auctions (Drechsler, 2023b; Liu et al., 2023;
Nguyen et al., 2022).

Experimental analyses suggest that spatially targeted conservation auctions are effec-
tive in promoting spatial coordination of conservation auctions (Banerjee et al., 2015; Fooks
etal., 2016; Iftekhar & Tisdell, 2014). Although the real-world applications of spatially targeted
auctions are scant, few existing schemes have provided the evidence base confirming the posi-
tive results obtained from experimental studies. For instance, the spatially targeted auctions in
the Southern Desert Uplands and the Eastern Mount Lofty, Australia, successfully incentivise
the creation of corridors of protected native vegetation for which conservation actions occur-
ring on neighbouring farmlands are required for the environmental outcomes to be achievable
(Bond et al., 2019; Rolfe et al., 2008; Windle et al., 2009).

The AB was first introduced by Smith and Shogren (2001). Parkhurst et al. (2002) conducted
the first experimental study demonstrating the potential effectiveness of AB in achieving spa-
tial coordination. Since then, there has been an increasing number of studies examining AB
performance, both outside of and within auction mechanisms. Most of these papers use ex-
perimental approaches. It is worth noting that the discussion of the AB in auctions for spatial
coordination is still in its infancy (Liu et al., 2019). In particular, there is very limited empirical
evidence regarding the performance of AB in spatially targeted conservation auctions (e.g.,
Banerjee et al., 2021; Fooks et al., 2016; Liu et al., 2023). As yet, no real-world scheme has in-
corporated AB in a spatially targeted conservation auction.
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To date, the performance of AB has been the subject of debate. Liu et al. (2019) sug-
gests that bidders reduce their rent seeking to earn the bonus. However, it is not always
the case that the average reduction in bid amount significantly offsets the bonus payments.
A low level of bonus capitalisation in bids would likely erode AB performance (Banerjee
et al., 2021; Dijk et al., 2017; Fooks et al., 2016). These findings are contrary to those of
another stream of the literature, which suggests that AB can improve spatial coordination
and auction cost-effectiveness (see e.g., Banerjee et al., 2014; Kuhfuss et al., 2022; Parkhurst
et al., 2002; Parkhurst & Shogren, 2007, 2008). These conflicting results imply that more re-
search is needed to identify the conditions under which positive or negative outcomes of AB
are likely to occur.

Driving factors affecting the performance of AB such as network size (Banerjee et al., 2012),
transaction costs (Banerjee et al., 2017), type and amount of information provided to bidders
before bid submission (Banerjee et al., 2015), and the spatial autocorrelation of opportunity
costs (Bareille et al., 2023) have been investigated. However, much less is known about how
spatial correlations of opportunity costs and environmental values affect the performance of
AB. This seems a significant gap in the literature (Drechsler, 2023a; Nguyen et al., 2022), since
a priori we might expect such spatial correlation to be an important factor determining both
farmers' willingness to participate in an AES scheme, and the bid they enter in a conservation
auction.

The spatial distribution of these two contextual factors is often assumed to be uncorrelated
in the existing literature. Yet, the empirical evidence suggests that opportunity costs and envi-
ronmental benefits could be either negatively correlated (i.e., the high environmental benefit
parcels tend to be the low-cost parcels), or positively correlated (i.e., the low environmental
benefit parcels tend to also be the low-cost parcels; Babcock et al., 1996). 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 et al. (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.

In a seminal work, Ferraro (2003) demonstrated how ignoring spatial correlations be-
tween opportunity costs and environmental values in designing mechanisms for selecting
participating landholders could reduce the effectiveness of agri-environmental schemes.
Specifically, when benefits and costs are positively correlated, a selection mechanism based
solely on the environmental benefit index, ignoring the costs of enrolled farmland, produces
less than 50% of the maximum potential benefits that could be achieved. Conversely, this
effect would be only minor (approximately 10%) when benefits and costs are negatively
correlated.

Along a similar line, Banerjee et al. (2009), in their theoretical work, demonstrated for the
first time how the nature of spatial correlations between opportunity costs and environmental
values (cost—benefit correlations) would affect the likelihood of achieving the desired spatial
configuration of selected bids in the context of spatially targeted conservation auctions. The
results suggest that in the landscapes where similar parcel types (i.e., similar magnitudes of
environmental benefits) are situated adjacent to each other and costs of land management for
habitat protection are positively correlated with the environmental benefits from land preser-
vation, spatially targeted conservation auctions would better promote spatial connectivity of
conservation efforts than non-spatially targeted (conventional) auctions. By contrast, when
similar parcel types share common borders and costs and benefits are negatively correlated,
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non-spatially targeted auctions could perform as well as spatially targeted auctions in terms of
spatial coordination of conservation efforts.

The contribution of this paper is to systematically examine the effect of cost—benefit cor-
relations on the performance of budget-constrained, spatially targeted auctions where an AB
is paid to connected plots. We consider two types of AB: a bonus for connected parcels within
the farm (within-farm bonus) and a bonus for connected parcels between neighbouring farms
(between-farm bonus). Whereas most prior theoretical and experimental studies focused on
the effectiveness of either spatially targeted conservation auctions or the AB in promoting
landscape-scale environmental outcomes, this article considers both of these coordination
mechanisms. It sets out, for the first time, to overlay the different spatial configurations of
landscape with and without AB in a spatially targeted conservation auction. We hypothesise
that: (1) AB would promote more connected parcels to be offered because it increases the
monetary reward to winning bidders with connected parcels, and thereby induces the desired
contiguous spatial pattern of conservation efforts; (2) In the presence of AB, bidders would
reduce their bids at different levels depending on the nature of cost—benefit correlations (since
reducing their bid increases the competitiveness of their offer); and (3) The performance of AB
in achieving spatial coordination and improving auction cost-effectiveness and social welfare
will vary depending on cost—benefit correlations. We refer to (1) as a connectivity effect, (2) as
a bid shading effect, and (3) as a performance metric effect.

We found experimental support to the positive effect of the AB in boosting willingness to
coordinate contiguous habitats across landholders (the connectivity effect). However, the ex-
tent to which bidders capitalise the bonus in their bidding decisions—the bid-shading effect—
varied across landscape types. The costs incurred by the AB payment were likely to weaken
the positive effects of AB on cost-effectiveness. The presence of AB also leads to a decrease
in social welfare (the performance metric effect). The results support the adoption of AB in
landscapes where opportunity costs and environmental benefits are positively correlated to
enhance spatial coordination. However, the results warned against using AB in landscapes
where opportunity costs and environmental benefits are uncorrelated or negatively correlated.

2 | EXPERIMENTAL SET-UP

We conducted a series of controlled lab experiments with agriculture students at Kiel
University, Germany. The students participated in a stylised discriminatory-price conserva-
tion auction where the government, with a limited budget, selected offers of land retirement to
establish wildlife corridors and/or stepping stones. Offers (auction bids) were ranked based on
the ratio of environmental values to procurement costs. The scoring rule that generated this
environmental value incorporated weights associated with different degrees of spatial coordi-
nation of conserved farmlands. The experiments followed a three-by-two design with varying
spatial correlations of opportunity costs and environmental values (uncorrelated, positive and
negative), and the presence or absence of an AB (with and without bonus) in a stylised agricul-
tural landscape. In the experiment, the subjects could choose to communicate at a cost with
their neighbours to negotiate/coordinate their conservation activities and bidding strategies.
Table 1 summarises the experimental design.

2.1 | Landscape structure and environmental management goal
We set up a stylised agricultural landscape with six landholders each owning six parcels of land,

for example landholder ID1 owns parcels 1-6 (see Figure 1). There are two wildlife habitats, A
and B (black areas), which are separated from each other by intensively used farmland owned
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TABLE 1 Experimental design.

Design elements Descriptions
Participants » 180 participants
Sessions * 30 sessions

Landscape set-up

Auction mechanism

Submission fee

Communication

Private information

Public information

Agglomeration bonus

Average earnings

Average time

A grid stylised landscape of 36 parcels

6 participants (landholders) per group. Each possesses 6 parcels of
land.

Each parcel is assigned an opportunity cost (OC) and an
environmental value (EV)

Heterogeneous OCs

Heterogeneous EVs (similar magnitudes of environmental benefits
are not horizontally situated adjacent to each other)

A multiple-round discriminatory auction with a budget constraint
and unknown end-points (6 rounds and a limited budget of $$1500
each round) (Note: $$ signifies Experimental Dollars)

$$10 per each offered parcel

Optional (yes/no)
Costly ($$15 per each neighbour)

Each participant knows absolute OC values and relative EV values
associated with their own parcels

The general environmental management goal: establish corridors
and/or stepping stones to reduce habitat fragmentation.
High and low environmental zones across landscape

Within-farm bonus ($$30)
Between-farm bonus ($$40)

€23.50 per participant

2h per session

Zonel Zone2 Zone3 Zone4
1 2
3 4 19 20
5 6 21 22
7 8 23 24
9 10 25 26
11 12 27 28
13 14 29 30
15 16 31 32
17 18 33 34
35 36

FIGURE 1 Stylized agricultural landscape set-up.

by the six landholders. The landscape in Figure 1 is made visible to all participants. The govern-
ment aims to reduce fragmentation between the two wildlife habitats by establishing corridors
and stepping stones for wildlife migration between the two habitats. A corridor is formed only
when four parcels are connected horizontally. Stepping stones are formed when a single parcel
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is offered or a horizontal combination of two or three parcels are connected.! For instance, as
shown in Figure 1, horizontal connection of parcels 9, 10, 25 and 26 forms a corridor, whereas
horizontal connection of parcels 9, 10 and 25 is counted as a three-parcel stepping stone.

Each parcel is assigned an opportunity cost (OC) and an environmental value (EV). The OC
values in Experimental Dollars ($3) reflect the income forgone from taking land out of produc-
tion. 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 benefits than those further from the habitat. Specifically, as shown 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 EVs between zones.”

The government formalises its management goal of improving the connectivity between
the two habitats by computing total environmental value (TE Vj) generated by the jth corridor/
stepping stone as follows:

1
TEV;= Y EV,+ (n,—1)" K (1)

i=1
EV, denotes the environmental value of parcel i, and n; represents the number of horizontally
connected parcels that are set aside for conservation in the Jjth 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 (1) 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, ( - 1) x K represents a connect1v1ty 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 conservatlon auction is computed as follows:

TEV= ) TEV, ?)

j=1

where m is the number of corridors/stepping stones obtained from a conservation programme.

2.2 | Auction design

We employed multiple-round, discriminatory-price auctions with a budget constraint and un-
known end-points.® Six rounds of auctions were run with one of the rounds being randomly
chosen for payment. The OC and EV values associated with each plot were the same for all

'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 et al., 2004; Kramer-Schadt et al., 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. Although 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.

“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 more than revealing the parcels' absolute EVs.

The use of multiple-round auctions over single-round auction could generate efficiency gains where participants are not familiar
with the auction process, and uncertainty accelerates rent seeking (Rolfe & Windle, 2006; Shogren et al., 2000). Multiple-round
auctions without unknown ending point (i.e., the number of rounds is unknown to the bidders in advance) reduce rent-seeking
rates and deliver more cost-effective environmental outcomes than those with known ending point (Reeson et al., 2011).
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rounds. The OC values were drawn from a uniform distribution on (20,150).* The OC values
were 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 de-
gree 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 land-
scape type, —0.5 for the negative landscape and zero for the uncorrelated landscape.

The specified total budget (B=$$1500), which the agency uses to pay for contracts, was
unknown to landholders. However, they were informed that not all bids could be accommo-
dated within the budget. ® Details of the environmental objective function (1) were not revealed
to the landholders (Banerjee et al., 2015). The landholders were asked to retire their parcels to
establish corridors or stepping stones to provide landscape connectivity between the wildlife
habitats A and B. Each landholder could choose to opt out or offer any number of parcels from
1 to 6. Landholders freely chose which parcels they were willing to offer for conservation. The
endogenous entry feature acknowledges the fact that landholders choose to participate in agri-
environmental schemes voluntarily, rather than being compelled (de Vries & Hanley, 2016).
Landholders incurred a submission fee of $$10 Experimental Dollars for each offered parcel.
This reflects the transaction costs for preparing and submitting bids. Landholders were in-
formed that a benefit—cost ratio (BCR) is used to select successful bidders.”

The government's optimisation problem entailed selecting bids that generate the highest
environmental value per dollar spent (i.e., max BCR j) until the budget (B) was exhausted. To
solve this optimisation problem, we implemented a computer algorithm which computes the
benefit—cost ratios of all offers, ranks these ratios in descending order, and finally accepts 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 insuffi-
cient to acquire all of them, the agency randomly selected one from among those.

TEV;,
Max;c,,BCR,; =
Z bid, +w1th1n farm_AB; +between_farm_AB;
3
TEV, = ZEV+n—1) «K ®
i=1
within_farm_AB; =a*k;(0<k; <2)
between_ farm AB;=px1,(1,=0,1)
sty Zbld +axk +5 | <B @)

JjeM \ i=1

4Gross margins of arable crops in Germany range between €200 and €1500 per hectare.

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 EVs 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 where parcels with similar magnitudes of
environmental values are geographically dispersed (i.e., similar types of parcels are not horizontally situated to each other).
(’Bidding behaviour was found to be sensitive to budget information (Banerjee et al., 2015; Messer et al., 2014, 2017). However, little
is known about the optimal budget information disclosure strategy. This could be an interesting area for future work.

"Fooks et al. (2016) also examined the performance of AB in a spatially targeted, budget-constrained conservation auction where
the spatial correlation between opportunity costs and environmental values were uncorrelated. However, in their study,
environmental benefit values were homogeneous across parcels and bids were ranked based on total environmental benefit, rather
than benefit—cost ratio.
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where i is a parcel in the jth corridor/stepping stone. M is a set of offered corridors/stepping stones
GeM).k - represents the number of horizontal connections within the farms which belong to the
Jjth corridor/stepping stone. /. indicates if the jth corridor/stepping stone has a horizontal connec-
tion between neighbouring félrms.8 a and f are within-farm bonus and between-farm bonus pay-
ment rate parameters. Equation (3) computes the within-farm bonus payment amount for the jth
corridor/stepping stone (within_farm_AB)), whereas Equation (4) calculates the between-farm
bonus payment amount for the jth corridor/stepping stone (between_farm_AB.). The cost of buy-
ing the jth corridor/stepping stone comprises two components: the bid payment (i.e., the procure-
ment payment Z:lj:] bid,) and the bonus payment (within-farm bonus payment and between-farm
bonus payment).

In the treatments without an AB, the bonus payment is zero (« and p were set at 0) and the
winning landholders were paid their bid price. In the treatments with the AB, the landholders
could receive a within-farm bonus of $$30 Experimental Dollars for each horizontal connec-
tion within their farm if their bid was selected («=30). They could also earn a between-farm
bonus of $$40 Experimental Dollars for each horizontal connection between their farm and
their neighbouring farm for winning bids ($=40).” In all treatments, landholders were told that
if their offered parcels are not selected, they will receive the payments that are equal to their
parcels' production values (opportunity costs). This mimics land staying in farming and farm-
ers earning an agricultural return and receiving no AES payment. 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 neighbours' earnings was not revealed.

2.3 | Auction performance criteria

To evaluate and compare auction performance across different treatments, we use the perfor-
mance metrics shown in Table 2.!° The ‘mark-up rate’ on the offered parcels indicates how
much bidders inflate their bids relative to their true opportunity costs. When the bonus is
present, mark-up rate on the selected parcels is computed as the ratio of the total payment
made to winners (i.e., sum of the selected bids and any bonus payments made) and opportunity
costs. ‘Participation rate’ reflects the percentage of eligible parcels offered in the auction,
whereas selection rate represents the percentage of offered parcels that are selected in the

8For a corridor, k/ and /;are equal to 2 and 1, respectively. For a three-parcel stepping stone, k]. and /. are both equal to 1. For a
two-parcel stepping stone, if the two parcels belong to one farm, kj and l/are equal to 1 and 0, respectively. If each of the two
parcels belongs to each farm, k/ and l/ are equal to 0 and 1, respectively. For a single-parcel stepping stone, kj and l].are both equal
to 0.

9The challenges arising from strategic uncertainty and transaction costs in coordinating conservation efforts among farmers
contribute to difficulties in achieving cross-farm coordination (Drechsler, 2022). In contrast, when it comes to coordinating
conservation efforts within individual farms, where decisions are made at an individual decision-making level rather than being
contingent on multiple decision-makers, these challenges tend to be more cognitively manageable. In other words, opting for
differential bonus rates is not expected to significantly increase the cognitive burden on landholders compared to using uniform
bonus rates. In both scenarios, the primary source of cognitive burden for landholders mainly stems from the uncertainty
associated with obtaining the between-farm bonus, rather than the within-farm bonus. The experiment conducted by Parkhurst
and Shogren (2007) involved the implementation of differential bonus rates within farms and between farms. Bareille et al. (2023)
suggest that when agglomeration bonus is high enough to cover the coordination costs incurred in cooperation, it would facilitate
conservation coordination among landholders. In our experiment, the between-farm bonus was set to be greater than the
within-farm bonus as between-farm coordination on conservation actions requires higher coordination costs (transaction costs)
than within-farm coordination. The experimental literature suggests a huge variation (i.e., 2%-100%) in bonus size relative to land
values (opportunity costs) (Banerjee et al., 2017; Nguyen et al., 2022). In our experiment, we set the within-farm bonus and
between-farm bonus at about 34% and 45% of the average opportunity costs, respectively.

There are other potential performance criteria for evaluating auction performance, such as Payment-Budget ratio (sum of
payments/budget), Ask-payment ratio (sum of bids / sum of payments), and Percentage of Optimal Cost-effectiveness Realised (the
quantity of environmental benefits procured per dollar / the maximum possible at the optimal allocation where landholders' bids
are equal to the opportunity costs). We have also analysed auction performance using these criteria; however, we found no further
insights to be added to our current results.
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TABLE 2 Auction performance criteria.

Criteria Definition Formula

1. Mark-up rate

Mark-up rate on the The ratio of the sum of submitted bids and X submittedbids
offered parcels opportunity costs X 06
Mark-up rate on the The ratio of the payment made to winners ¥ (selectedbids + bonus)
selected parcels (sum of the selected bids and any bonus X 0Cs
payments made) and the opportunity costs
2. Participation rate The percentage of eligible parcels offered in Number of offered parcels
the conservation programme Number of eligible parcels
3. Spatial configuration Pattern of offered parcels in the conservation * Number of offered corridors
of offered parcels programme * Number of offered three-
parcel stepping stones
* Number of offered two-
parcel stepping stones
* Number of offered single
parcels
4. Selection rate The percentage of offered parcels selected in Number of selected parcels
the conservation programme Number of offered parcels
S. Spatial configuration Pattern of selected parcels in the conservation * Number of selected corridors
of selected parcels programme » Number of selected three-
parcel stepping stones
* Number of selected two-
parcel stepping stones
* Number of selected single
parcels
6. Spatial coordination Number of selected and connected parcels Number of selected corridors
* 44+ Number of selected
three-parcel stepping stones
* 34+ Number of selected
two-parcel stepping stones
*2
7. Cost-effectiveness Average quantity of environmental benefits X TEV
procured per dollar spent % winners'bids + bonus
8. Net welfare Net impact of the conservation programme Total environmental value
on both conservation and agricultural from all selected offers —
production outcomes total income forgone from

agricultural production —
total submission fee — total
communication fee

auction. We also observe spatial configuration of offered parcels and of selected parcels across
the landscapes. These spatial configurations are measured in terms of the number of corridors
and stepping stones offered or selected. The number of selected and connected parcels is used
as a proxy to measure the degree of spatial coordination. Cost-effectiveness is measured as the
average quantity of environmental benefits procured per Experimental Dollar spent. The wel-
fare effect of the conservation programme reflects the net economic impact of the conserva-
tion auction. It is calculated by deducting from the total environmental value generated (1)
total income forgone from agricultural production, (2) total submission fee of all offered par-
cels, and (3) total communication fee."

"The submission fee and communication fee were incurred by landholders and not transferred to the conservation agency; they
represent welfare loss.
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TABLE 3 Experimental treatments.

Spatial correlation of opportunity costs and environmental

benefits
Treatments (between-subject design) Uncorrelated Negative Positive
Without agglomeration bonus S sessions S sessions S sessions
(Treatment T1) (Treatment T2) (Treatment T3)
With agglomeration bonus S sessions S sessions S sessions
(Treatment T4) (Treatment T5) (Treatment T6)

3 | EXPERIMENTAL PROCEDURES

The lab experiments were conducted with 180 agriculture students at Kiel University, Germany
from November 2021 to March 2022 via Ztree-Unleashed (Duch et al., 2020; Fischbacher, 2007).
We used a contextualised setting, as recommended in Alekseev et al. (2017). We employed the
block randomisation method (Suresh, 2011) to randomly assign subjects into six treatment
groups that result in equal sample sizes (see Table 3).

Each treatment consisted of five sessions with six subjects per session.'? Before the sessions
started, we presented the experimental instructions to the subjects via Zoom (see Online
Appendix Al for details of the experimental instructions). After the instructions were ex-
plained, the students took part in a quiz to confirm their understanding of the instructions
before proceeding to the main experiments. The experiments followed a three-by-two design
varying by: (1) the spatial correlation of opportunity costs and environmental values (uncor-
related, positive and negative) and (2) whether an AB was paid to winning bids. The between-
subject design allowed us to avoid the confounds caused by order effects across the treatments.
The students received their earnings in the form of cash payments. Average earnings per stu-
dent were €23.50.

In all treatments, the subjects were provided with a communication option in which they
could freely choose with whom they wanted to communicate before entering the bidding stage
in each round. However, communication was costly ($$15 Experimental Dollars per neighbour
contacted). Given the landscape set-up shown in Figure 1, each subject had either one or two
direct neighbours with whom they could communicate to coordinate their offers. Direct neigh-
bours are those whose parcels are horizontally adjacent to each other. Communication was
conducted via a chat room with a limited time duration of 3min in each round. We allowed
one-way communication between the subjects. That is, the messages could still be delivered
to direct neighbours with whom the subject wanted to communicate, even when direct neigh-
bours did not select the communication option in the first place. Figure 2 presents a summary
of the auction procedure.

4 | HYPOTHESES

Table 4 presents the main hypotheses that will be tested in our study. See the Online
Appendix A2 for a discussion of these hypotheses.

2We conducted two pilot experiments to test the experimental design and the results from the pilot testing were used as priors for
bids

> OCs
calculation given by Canavari et al. (2019) to ensure 80% chance of correctly rejecting the null hypothesis (i.e., a power (1

~B)=0.8).

means and standard deviations of mark-up rate ( ) from the treatments. The sample size was determined via sample size
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FIGURE 2 The procedure of the auctions.

5 | RESULTS
5.1 | Descriptive statistics

The descriptive statistics in Table 5 show that in the absence of AB, the average submitted bid
value per round for the positive landscape type was the highest ($$116.51), while those of the
uncorrelated and negative landscape types were $35113.67, and $$104.47, respectively. We also
observe a similar pattern on the average accepted bid value per round in the presence of an
AB. Each bidder offered an average of 4.02 out of 6 parcels and 2.35 parcels were selected, con-
stituting 59% of offered parcels. Furthermore, in the presence of an AB, we found an increase
in the number of offered parcels and a decrease in the number of selected parcels per bidder
per round across three landscape types. Figure 3, which depicts bid distributions across the
treatments, illustrates that when an AB was introduced, bidders tended to adjust their bids
downward in the uncorrelated and positive landscapes. However, this trend is not as clearly
observed in the negative landscape type.

In the following sections, we evaluate the performance of AB using the experimental data at
the auction level, individual bidder level and parcel level.

5.2 | Analysis of auction performance

5.2.1 | Effects of the agglomeration bonus

In order to examine the effects of AB on auction performance, we conducted Mann—
Whitney U tests using the auction-level data. As shown in Table 6, AB led to a significant
increase in participation rate at the 10% significance level.”* By closely examining the spa-

BThe probability of a parcel being selected in a given round is conditional on the offer decision. We employed a Heckman random
effects probit model to test if AB leads to more parcels offered, subsequently reducing the probability of a parcel being selected in
the budget-constrained auctions (the ‘participation effect’ of AB; see Online Appendix A3). We found that the AB reduces the
probability of a parcel being selected in the auctions.
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TABLE 4 Hypotheses.

Treatment Benchmark treatment Hypothesis
Agglomeration Bonus No agglomeration bonus Hypothesis 1:
The AB will:

Uncorrelated landscape +
Agglomeration Bonus

Negative landscape +
Agglomeration Bonus

Positive landscape +
Agglomeration Bonus

Uncorrelated landscape +
No agglomeration bonus

Negative landscape + No
agglomeration bonus

Positive landscape + No
agglomeration bonus

* Reduce the mark-up rate on offered parcels

» Foster a high level of spatial coordination of
conservation efforts

* And improve the cost-effectiveness and social
welfare of conservation programmes

Hypothesis 2:

The impact of AB on the degree to which
landholders reduce their bids should vary
significantly depending on the specific
landscape types.

» The AB will attenuate rent seeking behaviour

in the negative landscape. However, the effect
is not as pronounced as it is in the uncorrelated
landscape.

* The AB should reduce overbidding in the
positive landscape. The effect is as pronounced
as it is in the uncorrelated landscape.

Hypothesis 3:

In the presence of AB, the degree to which
landholders coordinate conservation efforts
will vary significantly depending on the
specific landscape types.

* The AB will improve the quality of spatial
configuration of offered parcels in all three
landscape types.

* The AB enhances spatial coordination in all
three landscape types. The improved degree of
spatial coordination in the negative landscape
type is not as high as those in other landscape
types.

Hypothesis 4:

The AB will improve cost-effectiveness and
social welfare outcomes in all three landscape
types. However, due to the variability in
bidding behaviour across landscape types,
the performance of AB in terms of cost-
effectiveness and social welfare outcomes also
vary across landscape types.

tial configuration of offered parcels, we found that AB promoted a greater number of cor-
ridors and three-parcel stepping stones to be offered. Bidders significantly lowered their
bids on the offered parcels (i.e., reducing from 1.42 to 1.23) in the expectation of earning the
bonus. However, we found that the AB reduced spatial coordination at the 5% significant
level. AB also reduced auction cost-effectiveness from 2.93 to 2.55. This is partly because
the presence of AB promoted a higher participation rate, but it also significantly reduced
the selection rate at the 5% significance level. The results on the spatial configuration of
selected parcels reveal that AB significantly reduced the number of selected corridors and
three-parcel stepping stones at the 10% and 1% significance level, respectively. By contrast,
more two-parcel stepping stones were selected, while no effect of AB was found on the num-
ber of selected single parcels.
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FIGURE 3 Comparisons of bid distributions across treatments.

The results suggest that AB could be effective in achieving the desirable spatial configura-
tion of offered parcels, but it does not necessarily translate into improved spatial configuration
of selected parcels. We found that when the AB was incorporated into the payment mechanism,
the mark-up rate on the selected parcels (i.e., W) was significantly higher, rising
from 1.42 to 1.49. This suggests that bidders did not substantially include the bonus in their
bid formulation with a significant rent reduction to enhance their bids' competitiveness in the
auction: the reduction in the bids was lower than the bonus paid to adjacent conserved parcels.
The presence of the AB thus makes paying for contracts more expensive for the auctioneer. As
a result, the AB reduced the selection rate from 64% to 59% at the 5% significance level. The
spatial configuration of selected parcels depends not only on spatial configuration of offered
parcels, but also on the extent to which landholders lower their bids in budget-constrained
auctions. The AB was also found to lead to a welfare loss at the 1% significance level.

These results taken together suggest:

Result 1: The presence of AB increases participation rate and enhances the spatial con-
nectivity of offered parcels. However, due to a tight budget constraint and the fact that bid
reduction is lower than the bonus payment, the AB has a negative impact on the spatial con-
nectivity of selected parcels and the cost-effectiveness of the auction compared to the baseline
treatment when the AB is not offered. A significant welfare loss is likely to arise from the AB
programme.
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TABLE 6 Auction-level treatment effects of the agglomeration bonus.

Mann—Whitney test

Without AB With AB results: Prob > |z|
Participation rate 0.62 (0.10) 0.65 (0.09) 0.09%*
Spatial configuration of offered parcels
Corridors 3.06 (1.27) 3.67 (1.29) 0.00%**
Three-parcel stepping stones 0.35(0.56) 0.58 (0.72) 0.02%*
Two-parcel stepping stones 2.57 (1.40) 2.41 (1.59) 0.13
Single parcel 4.03 (2.37) 2.38(2.02) 0.00%**
Selection rate 0.64 (0.12) 0.59 (0.10) 0.05%*
Spatial configuration of selected parcels
Corridors 2.12(0.80) 1.88 (0.84) 0.06*
Three-parcel stepping stones 0.16 (0.40) 0.01 (0.10) 0.00%**
Two-parcel stepping stones 0.22 (0.41) 0.48 (0.79) 0.03**
Single parcel 4.68 (3.52) 5.27 (3.66) 0.35
Mark-up rate on the offered 1.42 (0.18) 1.23 (0.18) 0.00%**
parcels
Mark-up rate on the selected 1.42 (0.19) 1.49 (0.21) 0.00%**
parcels
Spatial coordination 9.43 (3.06) 8.56 (3.04) 0.04**
Cost-effectiveness 2.93(0.38) 2.55(0.30) 0.00%**
Net welfare 3004.67 (58.02) 2619.4 (61.09) 0.00%**

Note: *, ** *** indicate significance at 1%, 5% and 10% levels, respectively. Standard deviations are provided in parentheses.

5.2.2 | Landscape type and its influence on the performance of
agglomeration bonus

To assess whether the aforementioned result (Result 1) holds true consistently across all three
landscape types, we conducted a comprehensive analysis to investigate the influence of land-
scape type on the performance of AB.

Mark-up rates

Using the data at auction level, we computed the performance metrics, including average val-
ues of mark-up rate, spatial coordination, cost-effectiveness, and net welfare across six rounds
for all the treatments. As shown in Figure 4, the introduction of AB leads to a reduction in
mark-up rates on offered parcels in all landscape types. We conducted Cuzick's tests to investi-
gate whether mark-up rates displayed a consistent tendency to either increase or decrease over
time. These results suggest a likelihood of bidders aiming for higher mark-ups over successive
rounds in the negative landscape type, with a statistical significance of 5%. For the other land-
scape types, no noticeable trends in mark-ups were observed.

Table 7 shows the results of a random effects regression model in which the observations
were clustered at the auction level. Auction outcomes including mark-up on the offered par-
cels, spatial coordination, cost-effectiveness, and net welfare were regressed on the following
variables: number of rounds, presence of AB, two dummies regarding landscape type (the
uncorrelated landscape type was chosen as a baseline), and the interaction between landscape
types and AB. The results derived from the regression of mark-up rates suggest a significant re-
duction in mark-ups on the offered parcels in the positive landscape relative to the uncorrelated
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FIGURE 4 Average mark-up rates, spatial coordination, cost-effectiveness, and net welfare over 6 auction
rounds in the different treatments.

landscape at the 10% significance level when AB was present. By contrast, there are no signifi-
cant differences in mark-up rates on the offered parcels between the negative and uncorrelated
landscape, both in the absence and presence of AB.

Together with the direction of the effects, we are also interested in the magnitude of the AB
effects on auction performance across landscape types. We thus conducted Mann-Whitney
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U tests comparing auction performance with and without bonus in each landscape type (see
Table 8). Table 8 shows that AB reduced the mark-up rates on the offered parcels by 28 per-
centage points (from 40% to 12%) in the positive landscape, while only by 14 percentage points
(from 39% to 25%) and 15 percentage points (from 47% to 32%) in the uncorrelated and nega-
tive landscapes, respectively. When the bonus payment was included in the final payment on
the selected parcels, the results show that the mark-ups on the selected parcels increased by
18 percentage points in the uncorrelated and by 9 percentage points in the positive landscape
at the 1% significance level. By contrast, no statistically significant difference in the mark-ups
on the selected parcels was found in the negative landscape when AB was present. These re-
sults clearly show that the bonus payment effect on bidding behaviour varied across landscape
types.

We thus have Result 2 summarising the ‘bid shading effect’:

Result 2: The AB mitigates rent-seeking behaviour to varying degrees, contingent on land-
scape type. The effect of AB in reducing mark-up rates on the offered parcels was most pro-
nounced in the positive landscape type, followed by the uncorrelated and negative landscape
types, respectively. By contrast, the AB significantly increases the mark-up rates on selected
parcels in the uncorrelated and the positive landscapes.

Spatial coordination

Table 8 shows increased participation rates in each landscape type in the presence of AB.
However, these effects were not found to be statistically significant. In terms of the quality of
offers, Table 9 shows that the presence of AB attracted more contiguous conserved habitats.'*
The number of offered corridors increased sharply in the positive landscape at the 1% signifi-
cance level. Similarly, a significant increase in the number of offered three-parcel stepping
stones was observed in the negative landscape at the 1% significance level. The number of
single parcels offered significantly decreases in all three landscape types. The government
procured more corridors in the positive landscape. However, the AB did not affect the spatial
connectivity of selected parcels in the negative landscape. We found that AB reduced the num-
ber of selected corridors in the uncorrelated landscape.

Table 7 suggests that landscape type plays a role in explaining the variation in spatial co-
ordination. Particularly, spatial coordination could be better achieved in the uncorrelated
landscape than in the negative landscape. In contrast, the positive landscape was likely
to generate a higher degree of spatial coordination than the uncorrelated landscape. The
presence of AB did not significantly affect the difference in spatial coordination between
the uncorrelated and negative landscapes. Conversely, the presence of AB significantly en-
hanced spatial coordination in the positive landscape, relative to the uncorrelated land-
scape type.

When we specifically examine the effect of AB within each landscape type, the results in
Table 8 indicate an increase in spatial coordination in the positive landscape at the 10% signif-
icance level, a decrease in the uncorrelated landscape at the 1% significance level, and no sig-
nificant effect in the negative landscape. Regardless of the presence or absence of AB, spatial
coordination achieved through the auctions was highest in the positive landscape, followed by

“In our experiment, offering interior parcels located in Zones 2 and 3 could help bidders earn the between-farm bonus, while
contributing to an increased number of offered corridors or three-parcel stepping stones. We employed a random effects probit
model to test if the probability of offering the interior parcels would increase when AB was introduced (see Online Appendix A4).
The results show that the coefficient associated with ENVIRONMENTAL ZONES (Dummy variable, which equals 1 if parcels
located in Zones 1 and 4 [exterior parcels], otherwise it equals 0) was found to be positive and significant at the 1% significance
level (p-value=0.00). This suggests that the interior parcels were less likely to be offered than the exterior parcels. However, when
the variable ENVIRONMENTAL ZONES was interacted with the variable AGGLOMERATION BONUS, the associated
coefficient became negative. This implies that the presence of an AB was likely to increase the probability of offering interior
parcels, which is needed for enhancing conservation connectivity between farms.
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the uncorrelated and negative landscapes. Figure 4 shows a positive trend in spatial coordi-
nation over the rounds in the treatments of the negative landscape type and in the treatment
of the uncorrelated landscape without the bonus at the 10% significance level (according to
Cuzick's tests for trend). Landholders seem to coordinate their conservation efforts more ef-
fectively over time in these landscape types.

Taken together we thus have Result 3 summarising the ‘connectivity effect”:

Result 3: The AB holds the potential for promoting spatially coordinated conservation
efforts in the positive landscape. By contrast, it is likely to be detrimental to spatial coor-
dination in the uncorrelated landscape, with no observed effect in the negative landscape.
However, interactions among landholders over time could lead to an improvement in their
coordination.

Cost-effectiveness and net welfare
Table 7 suggest that the presence of AB enhances the cost-effectiveness of the auctions and
the resulting social welfare in the positive landscape compared to the uncorrelated landscape.
Conversely, the presence of AB did not significantly affect the differences in cost-effectiveness
and net welfare between the negative and uncorrelated landscapes. Considering the effect of
AB on cost-effectiveness and net welfare within each landscape type, the results in Table 8
show reductions on these two outcomes in the uncorrelated and negative landscape types.
By contrast, no effects of AB on auction cost-effectiveness and net welfare were found in the
positive landscape. The results derived from Cuzick's test indicate a lack of clear trends in cost-
effectiveness and social welfare over time across the treatments (see Figure 4).

Taken together we have Result 4 summarising the ‘performance metric effect”:

Result 4: The AB adversely affects cost-effectiveness and social welfare in the uncorrelated
and negative landscape types, with no significant impact observed in the positive landscape.

In Online Appendix AS we provide further results from an analysis of bidding behaviour,
in terms of how the reduction in bids compares to expected AB payments, and how communi-
cation affects bidding behaviour. We found that bidders do not fully incorporate the AB into
their bids, which tightens the budget for procurement (the ‘budget effect’ of AB). Bidders tend
to internalise the bonus payments into their bids at a greater extent in the positive landscape
than in the other landscape types. We also found that communication could potentially result
in the emergence of collusive bidding.

6 | DISCUSSION AND CONCLUDING REMARKS

The AB is designed to reward spatial coordination of conservation efforts among landholders.
To date, real-world applications of AB are rare, and the best design of AB is still a matter of
ongoing debate (Nguyen et al., 2022), since identifying the facilitating contextual conditions
for AB success is critical (Bareille et al., 2023). This paper demonstrates the importance of tak-
ing spatial correlations between opportunity costs and environmental benefits into account
when policy-makers consider adopting an AB incentive within the context of a conservation
auction. Our paper examined the effect of differing spatial correlations of opportunity costs
and environmental benefits (positive, negative, no correlation) on AB performance in budget-
constrained and spatially targeted conservation auctions.

Our main results were as follows. First, the AB significantly mitigated rent-seeking and ef-
fectively promoted willingness to coordinate among landholders. We found an improved spa-
tial configuration of offered parcels. However, AB payments reduced the number of contracts
actually offered to ‘farmers’ to enrol land in the conservation scheme. Contrary to expecta-
tions, an improved spatial configuration of offered parcels did not translate into an improved
spatial configuration of selected parcels. The AB lowered the degree of spatial coordination.
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With a fixed total budget, offering an AB payment means fewer contracts can be awarded,
ceteris paribus. This effect was also found in Banerjee et al. (2021). However, this budget tight-
ening did not sufficiently enhance bidding competitiveness. We found that the extent to which
bidders capitalise the bonus in their bids was modest. As a result, we did not find supportive
evidence that AB could improve auction cost-effectiveness. These findings differ from previ-
ous research suggesting that a reduced procurement budget could potentially improve auction
competitiveness by mitigating rent-seeking rates (Duke et al., 2016; Messer et al., 2017). Our
results are in line with Fooks et al. (2016), suggesting that AB could result in welfare loss.

Second, the performance of an AB is contingent on landscape type. The AB improved the
spatial configuration of offered parcels in three landscape types at different degrees. The effect
was most salient in the positive landscape, with a significant increase in the number of offered
corridors. However, the results suggest that the AB reduced the selection rate in all landscape
types. This reduction in selection rate was statistically significant in the negative landscape. These
results are likely to be related to the bonus payment effect on the remaining budget for procure-
ment. The extent to which the bonus was capitalised in the bids greatly varied across landscape
types. Bid reduction was largest in the positive landscape, followed by those in the uncorrelated
and negative landscapes, respectively. This discrepancy could be attributed to the fact that in the
negative landscape, rent-seeking on the low-OC parcels remained aggressive even in the presence
of AB, as these parcels are also the high-EV ones. By contrast, in the positive landscape, the AB
was capitalised about 35% on the low-OC parcels. Lowering rents on these low-OC parcels (also
low-EV ones) would increase the chance for the parcels to be selected and rewarded a bonus.

In our experimental design, the within-farm and between-farm bonuses were set at 34%
and 45% of average opportunity costs. We found these bonuses had an unanticipated effect
on spatial coordination in the uncorrelated landscape. The results reflect those of Fooks
et al. (2016), who found that spatially targeted conservation auctions with a smaller agglomer-
ation bonus (10% of the opportunity costs) reduced spatial coordination and auction efficiency
in the uncorrelated landscape. However, our study adds to the findings of Fooks et al. (2016)
by pointing out that AB could be an effective incentive mechanism to foster coordination in
positive landscapes. Adopting a spatial agent-based simulation, Drechsler and Grimm (2022)
suggested that it is more cost-effective to first offer a large bonus in the short term to trigger
a high amount of spatially agglomerated conservation efforts, and then lower the bonus to
exploit the stickiness of conservation coordination among landholders. A future experimental
study could test whether the positive effect of AB on spatial coordination is maintained when
the bonus is lowered in the long term.

In sum, this paper provides fresh insights into the role of the spatial correlation of op-
portunity costs and environmental values in determining the likelihood that AB succeeds or
fails in achieving spatial coordination when included as part of a conservation auction. Given
stringent budget constraints, AB would likely do more harm than good for spatial coordina-
tion in the landscapes where opportunity costs and environmental values are uncorrelated or
negatively correlated. Given our results, adoption of AB can only be recommended to achieve
a desirable spatial configuration of conservation habitats in the positive landscape type. These
findings could be useful to inform refinements in the design of agri-environmental schemes for
better landscape-scale environmental outcomes. Finding out what type of spatial correlation
exists between environmental values and opportunity costs in different landscapes is thus im-
portant for conservation policy designers; yet we know that opportunity costs are often private
information, meaning that the regulator has poor data on one half of this important policy
design parameter.
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