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Introduction

Joint bidding auction ▶ Single bidding: each bidder submits single bid.

▶ Joint bidding: two or more bidders submit a single bid. ▶ Existing literature on the role of joint bidding in conservation auction.

▶ A simulation study: joint bidding could be preferable since it helps reduce payment for taking conservation measures if the environmental externalities are positive [START_REF] Calel | Improving cost-efficiency of conservation auctions with joint bidding[END_REF]. ▶ Decontextualized lab experiment: joint bidding could improve environmental outcomes but it can be less cost-effective [START_REF] Banerjee | Spatial coordination and joint bidding in conservation auctions[END_REF].

▶ Our study: role of joint bidding, voluntary vs. involuntary, communication and bonus payment incentives.

Single bidding conservation auction ▶ An agricultural producer i (or a forest owner) has an environmental good (e.g., a parcel of forest land) with an environmental value v i .

▶ Decision: to consume her good (e.g., cut down trees) or to sell it to a policymaker as an ecosystem service (ES). Opportunity cost is denoted as c i .

▶ Participating into an auction: each bidder submits a single bid b i based on his or her private information and the buyer (i.e. the auctioneer) select items (ES) that maximize his or her payoff. 

E [π S i (p i )] = (p i -c i )Pr [x i = 1]. (1) 
▶ expected payoff in a single bidding and winning case

E [π J i,d (p i,d )] = 1 2   p d - i∈d c i   Pr [x d = 1]. (2) 
▶ expected payoff in a mandatory joint bidding and winning case of the team d

max s V (x s ) = s v s + b s p s x s , (3) s.t., s p s x s ≤ W , (4) 
▶ the regulator's program -CES (Cost-Effectiveness Score)

E [π J i,d (p i,d )] ≥ E [π S i (p i )]. (5) 
▶ preferences for joint bidding

E [π J i,d (p J i,d )] = 1 2   p J d + i∈d (b i δ -c i )   Pr [x d = 1]. (6) 
▶ expected payoff in case of bonus payment in a team d

Hypotheses

▶ Hypothesis 1: Joint bidding could be more efficient than single bidding in promoting auction efficiency.

▶ Hypothesis 2: Bidders with lower values and higher costs are more likely to join a team than other counterparts.

▶ Hypothesis 3a: A bonus payment could incentivize joint bidding participation.

▶ Hypothesis 3b: A bonus payment could encourage higher auction efficiency.

▶ Hypothesis 4: Communication during the experiment could positively impact joint bidding auction efficiency. ▶ Contextualized: each subject has a parcel of forest land to harvest or conserve for biodiversity.

▶ 10 subjects per treatment and control.

▶ Each subject participates in an 8-periods auction game.

▶ Subjects will receive a different and symmetric set of items and be assigned to different teams with different partners across periods ("perfect strangers").

▶ A total of 300 students at the University of Strasbourg were recruited for the experiment from February to March 2022 (60 subjects per treatment).

▶ More efficient bids in joint bidding than in the baseline (single-bidding auctions ▶ Subjects receiving a high-value and low-cost item (i.e., the best situation) are making rational bidding decisions by being more likely to play solo.

▶ The number of bidders participating in a voluntary joint bidding design is significantly lower compared to the mandatory design. ⇒ The reduction in the number of joint bidding teams makes the auction efficiency ambiguous.

▶ Social acceptance of conservation measures; Adherence to common objectives and compliance: the drivers of motivations to participate to a program (Mitani. Y & Lindhjem. H, 2015).

▶ Obtaining a permanent change in consumers' behavior: new ways to behave.

▶ Designing Public Policies and adapt them to spatial and temporal variations. 

Econometric specifications

Bid i = β 0 + β k K k=1 Treatment k + η l L l=1 Item l + λ m M m=1 Control m + ϵ i , ( 7 
)
Pr (Join i = 1|Treatment T 4, Control i ) = F (

TreatmentsFigure :

 : Figure: Four treatments and one control treatment (baseline).

  α H High value (8) + α L Low value + α HL High value * Low value + α T 4 Treatment T

Table :

 : Estimation results of joint decisions and probability of winning. p < 0.10; * * p < 0.05; * * * p < 0.01.

	Joint decisions -1.523 * * * (6) -1.094 * * * (7) (0.257) (0.350) -1.543 * * * -1.122 * * * (0.259) (0.348) --0.921 * * (0.429) 5.164 5.163 (164.942) (163.067) --0.184 0.219 (0.272) (0.274) 2.426 2.720 (3.167) (3.186) 0.575 0.800 (0.496) (0.401) -0.225 <0.001 0.694 0.924 (0.462) (0.265) -0.230 <0.001 ▶ Bonus payment seems to be effective in encouraging subjects Winnings Variables (8) (9) High value 2.093 * * * 1.042 * * * (0.235) (0.305) Low cost 2.220 * * * 1.248 * * * (0.208) (0.268) High value*Low cost -1.945 * * * (0.412) Bonus value 4.324 * * * 4.650 * * * (0.740) (0.746) Team 16.076 * * * 17.080 * * * (3.030) (3.041) Voluntary & Com & Bonus (Treatment T4) --Intercept -2.152 -1.467 (2.160) (2.210) Treatment T3 489 0.853 0.916 (0.350) (0.277) Difference-in-mean 0.278 0.341 P-value <0.001 <0.001 Treatment T4 489 0.858 0.900 (0.351) (0.301) Difference-in-mean 0.164 0.206 P-value 0.002 <0.001 ⇒ Adverse effects of bonus payment on auction outcomes leading to higher PES should be carefully considered! ▶ Communication helps facilitate coordination and improving overall auction efficiency. Hypothesis 4 is satisfied. ⇒ A well-designed joint bidding auction with communication is important! ▶ Voluntary joint bidding auction is less effective than the involuntary joint bidding auction in promoting auction Results Bidding item's value and cost High value Mean probability (SD) N Low cost High cost Low cost High cost but Hypothesis 3b is satisfied. Low value to submit more efficient bids. Hypothesis 3a is not satisfied, efficiency.

* 

* p < 0.10; * * p < 0.05; * * * p < 0.01.

Conservation auction

▶ Conservation auction is a reverse auction.

▶ Auctioneer: policymakers (e.g., GOs, international GOs or NGOs). ▶ Bidders: agricultural producers (e.g., forest owners).

Auction game ▶ Single bidding auction: 10 bidders bid individually. ▶ Joint bidding auction:

▶ Subjects are randomly assigned into team of two. ▶ They receive their private information and their partners' ones (i.e., cost, value and bonus). ▶ Voluntary: Decide to joint a team. ▶ Communication: Each member in a team has two minutes to discuss with his or her partner via a chatbox. ▶ Subjects will be invited to give a bidding price for their team. ▶ The average/mean price will be the joint bidding price.

▶ How are winners selected? Discriminatory pricing rule.

▶ selection of the 4 highest CES in every auction round

Discussions and conclusions

▶ Joint bidding auction is more efficient than single bidding auction. Hypothesis 1 is satisfied. ⇒ Promote joint participation in conservation auction.

▶ A strategic situation: high-cost and low-value participants always have a lower probability of winning when they play as a single bidder than joining a team with their partner.