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Abstract
A major issue regarding biodiversity offset schemes is uncertainty about conservation 
and its costs. Although the demand for market expansions for biodiversity banking has 
increased in the past few decades, they may increase the degree of uncertainty regarding 
the completion of offsets. Therefore, stipulating the rights and responsibilities of stakehold-
ers about the implementation of offsets is important. However, researchers have overlooked 
the behavioral aspects of market participants regarding responsibility and uncertainty. This 
study experimentally investigates the effect of uncertainty and market structure change on 
credit trading behavior in biodiversity banking. First, we verify that uncertainty regard-
ing additional conservation costs provides significant disincentives for bankers to engage 
in trading when they are directly responsible for the costs, leading to the over-reduction 
of transactions. Since developers share the payment for the additional costs through the 
increase in credit prices, it is important to determine the way of sharing the responsibility 
for the costs between market participants and the public/society. Second, the provision of 
insurance to alleviate the uncertainty for bankers may not influence efficiency. Therefore, it 
may be reasonable for the public sector to incorporate insurance schemes into biodiversity 
banking programs. Third, increases in the number of bankers and developers improve effi-
ciency, and this lowers the possibility of over-reduction of transactions. Therefore, when 
market expansions increase degrees of uncertainty, responsibility sharing schemes should 
be linked and revised according to the expansions.
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1  Introduction

Development projects usually cause biodiversity losses in the targeted and surrounding 
areas, and deteriorating ecosystem services cause long-term losses of economic and social 
benefits. Moreover, as people observe indigenous species suffer from habitat loss, they may 
experience as sense of disutility. Then, with public awareness of such environmental issues 
increasing, it has become an important issue for policymakers to consider the concilia-
tion of environmental conservation with the economic benefits of development projects. 
This leads to the widely accepted notion that development projects should be accompanied 
by no net loss (NNL) of biodiversity. Upon observing the momentum of environmental 
conservation issues, numerous countries have been applying the notion of biodiversity off-
set in their development projects. Although several aspects of biodiversity offset schemes 
are often criticized, such as imperfection of metrics and ethical issues, the schemes have 
become popular policy tools and been implemented in several countries.1

A major issue of biodiversity offset scheme design is the degree to which market mech-
anisms are incorporated into these projects. Specifically, while some schemes require 
developers to carry out offsets that do not incorporate market mechanisms (e.g., creation 
or restoration of a habitat), other schemes do not necessarily require developers to work 
on biodiversity creation projects. Instead, the biodiversity creation project can be per-
formed by other economic entities and the developers can obtain credits certified by offset 
schemes. That is, when it is difficult for developers to create net gains, they buy credits 
from biodiversity creators. This scheme type is called biodiversity banking, and the crea-
tors are called bankers.2

1.1 � Trends of biodiversity offsets and banking

Various biodiversity banking programs are currently operative worldwide, and the number 
of biodiversity offset and bank sites has been increasing over the past several decades. For 
example, the first mitigation banking started in the USA in 1984, and as of January 2023, 
there are more than 2,400 bank and in-lieu fee sites.3 Poudel et al. (2019) surveyed con-
servation banking in the USA to find 137 conservation banks conserving 153,000 acres 
of land as of December 2016. Moreover, according to Bull and Strange (2018), 12,983 
biodiversity offset projects were completed or in the process of implementation across 37 
countries in 2018.

Although the environmental mitigation hierarchy involves the (i) avoidance of negative 
impacts, (ii) minimization or reduction, and (iii) offset (Bergès et al., 2020), the spread of 
biodiversity offset programs with banking schemes implies that there is a large demand 

1  Several articles refer to the difficulty of incorporating market mechanisms into offset schemes or criticize 
biodiversity banking on moral and ethical grounds (Ferreira and Ferreira, 2019; Maron et al., 2016; Spash, 
2015). These discussions are important when considering the whole picture of biodiversity conservation in 
society. However, this study focuses on market performance in the presence of uncertainty. Thus, we do not 
delve into moral and ethical issues. Karlsson and Björnberg (2021) list five points of criticism and provide 
suggestions for policy makers and practitioners to improve the design and operation of offset schemes.
2  The actual banking programs have various names, such as mitigation banking and conservation banking. 
In this study, we use the term “biodiversity banking” to refer to offset programs with market mechanisms, 
except when we refer to specific programs or literature.
3  See the site of the Regulatory In-lieu fee and Bank Information Tracking System (RIBITS):
  https://​ribits.​ops.​usace.​army.​mil/​ords/f?​p=​107:2:​14343​41286​9856::​NO::

https://ribits.ops.usace.army.mil/ords/f?p=107:2:14343412869856::NO
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for biodiversity banking programs by authorities. The advantages of biodiversity banking 
compared to command-and-control regulations are that the external cost caused by devel-
opment can be internalized, allowing society to achieve the same environmental goal at a 
lower cost; this is similar to the function of emission trading programs for CO2 emission 
reduction. Still, governments and societies often face budget constraints regarding environ-
mental protection, making cost-effectiveness an important topic when designing biodiver-
sity conservation policies.4

1.2 � Effectiveness and institutional design of biodiversity conservation policies

Upon examining empirical research, it becomes clear that researchers have yet to reach a 
consensus on the evaluation of the achievement of NNL by biodiversity offsets. For exam-
ple, zu Ermgassen et al. (2019) reviewed offset policies in Australia, Canada, the UK, and 
the USA and reported that approximately one-third of them achieved NNL, most of which 
are wetland mitigation. Theis et al. (2020) conducted a four-grade evaluation (over-com-
pliance = 3; full compliance = 2; partial compliance = 1; no compliance = 0) of the compli-
ance for more than 500 offsetting projects in freshwater ecosystems, classifying more than 
50% of projects into over-compliance or full compliance. For example, the mean scores for 
river, lake, and wetland projects were 1.81, 2.00, and 1.38, respectively.

Although researchers have different opinions on actual compliance ratio levels, many 
highlight the importance of institutional designs for improving NNL achievement of these 
offset projects (e.g., Arquitt & Johnstone, 2008; Grimm, 2020; Grimm & Köppel, 2019; 
Koh et  al., 2019; Levrel et  al., 2017; Maron et  al., 2012; Needham et  al., 2019). When 
designing biodiversity banking programs, several important points should be considered, 
as follows: what to trade, measures, trading ratios, compensation timing, transparency and 
monitoring, market scales, and uncertainty. Regarding the first five points, progress in the 
fields of biology, genetics, ecology, and economics over the past several decades has con-
tributed greatly to the improvement of related institutional designs. For example, Habitat 
Hectare, developed in Victoria, Australia, is an important synthesized method for measur-
ing the quality and quantity of native vegetation,5 and many studies provide lists and com-
parisons of metrics and valuation methodologies (e.g., Gerber, 2011; Laurila-Plant et al., 
2015; Gamarra et al., 2018; Marshall et al., 2020; McVittie and Faccoli, 2020). Moreover, 
Southwell et al. (2018) examine the optimal timing of offsetting, and Millon et al. (2021) 
and Oliver et al. (2021) provide up-to-date metrics that incorporate various factors of bio-
diversity. Thus, advancements in the scientific analysis of biodiversity can contribute to the 
derivation of desirable trading ratios or time spans.

However, relatively few researchers have focused on the behavioral aspects of biodiver-
sity banking, such as the effect of market structure and uncertainty on transaction behav-
iors. Nemes et al. (2008) investigated the desirable institutional design for the electronic 

4  The OECD (2001) also refers to these points. See also the page on mitigation banks in the website of 
the US Environmental Protection Agency: https://​www.​epa.​gov/​cwa-​404/​mitig​ation-​banks-​under-​cwa-​secti​
on-​404.
5  See Parkes et al. (2003) for the details of this method. See also the Biodiversity Information Explanatory 
Document published by the Department of Environment, Land, Water and Planning of the Victoria State 
Government, available from the department website at.
  https://​www.​envir​onment.​vic.​gov.​au/​native-​veget​ation/​native-​veget​ation/​biodi​versi​ty-​infor​mation-​and-​site-​
asses​sment.

https://www.epa.gov/cwa-404/mitigation-banks-under-cwa-section-404
https://www.epa.gov/cwa-404/mitigation-banks-under-cwa-section-404
https://www.environment.vic.gov.au/native-vegetation/native-vegetation/biodiversity-information-and-site-assessment
https://www.environment.vic.gov.au/native-vegetation/native-vegetation/biodiversity-information-and-site-assessment
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BushBroker exchange regarding efficiency improvements, conducting simulations to com-
pare the institutional designs while considering the behavior of market participants. These 
authors listed the following factors as being important in establishing biodiversity offset 
programs: regulations, definition of property rights, trading rules, contract designs, market 
mechanisms, and recording systems. Farmers and landholders are often important stake-
holders and various studies investigated their incentives to participate in biodiversity off-
set schemes (Calvet et  al., 2019; Cason et  al., 2003a; Vaissière et  al., 2018). Moreover, 
Higashida et al., (2012, 2019) examined the effect of inter-regional or -project credit trad-
ing on efficiency. Despite the importance and contribution of these studies for the field, 
more research on the behavior and incentives in biodiversity banking are warranted.

1.3 � Focus of this study

This study focuses on three factors regarding the institutional design of biodiversity bank-
ing: uncertainty, market structure, and responsibility. The purpose of this research is to 
clarify the effect of changes in these three factors on transaction behavior and efficiency. 
Particularly, we elucidate the following issues and the relationships between them.

First, the current status of biodiversity offsets indicates that there are two types of 
uncertainties. For one, even if the original biodiversity offset project is considered com-
pleted, additional negative impacts on biodiversity may arise during offsetting processes.6 
For example, habitat creation may have a negative impact on non-targeted species in the 
area surrounding the offset site. For another, as Nemes et al. (2008) and Bull et al. (2013) 
state, it is uncertain whether biodiversity offset projects can achieve their desired outcomes 
because they usually require a long period for completion. For example, climate change, 
technological problems, or both may have negative effects on the smooth creation of biodi-
versity at an offset site. When these uncertainties are present, authorities should carefully 
incorporate responsibility schemes for failure or delay in the achievement of NNL into 
banking programs.7 In fact, Damiens et al. (2021) indicated that NNL cannot be achieved 
unless the long-term impact of development is considered. White et al. (2021) also referred 
to uncertainty as one of the serious challenges of present and future offset schemes.

Second, unlike CO2 emissions trading, biodiversity is heterogeneous. This is because 
stakeholders, researchers, and policymakers hold different views and opinions regarding 
the benefits, costs, and value of biodiversity banking, and these differences have led to con-
troversy regarding the incorporation of market mechanisms into offset programs. Since the 
target areas of many projects are small, many of these projects have a small number of 
potential bankers and developers, one-on-one transactions occur often, and even policy-
makers may mediate these transactions and connect a banker with a developer. For exam-
ple, Froger et al. (2015) categorized biodiversity banking programs according to the degree 

6  Considering the existence of over-compliance in Theis et al. (2020), the additional impact on biodiversity 
may be positive. Because our focus is on the risk of failure of NNL, we concentrate on the negative addi-
tional impact caused by economic development.
7  Martin (2021) further classify the second uncertainty into two types: uncertainty about the length for 
offset completion and on the possibility of failure. Then, he compares two credit-awarding schemes, one 
at the initiation and the other at the completion of the restoration, in terms of cost-effectiveness. Drechsler 
(2022) also conducted a simulation based on a generic, agent-based, ecological economic model and com-
pare two types of credit awarding; this author demonstrated that the award-initiation scheme may fail to 
achieve NNL.
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of public sector involvement: private, hybrid, and commercial banking programs. Because 
of these characteristics, Boisvert et al. (2015) and Needham et al. (2019) remark that the 
market structure (e.g., the area and number of participants) of biodiversity banking should 
be carefully determined.

Third, Primmer et al. (2019) mentioned that it is important for offset scheme developers 
to stipulate the rights and responsibilities of all stakeholder types, as well as that research 
on desirable institutional designs regarding rights and responsibility is insufficient and 
incomplete. Moreover, it is possible that the desirable sharing of responsibility for direct 
conservation and indirect social costs across stakeholders of biodiversity banking projects 
is related to the projects’ market structure.8

Observing these important issues regarding the offset market, we set up the following 
three research questions: (i) what is the relationship between efficiency and the conserva-
tion cost that is uncertain as of credit awarding? (ii) Who should be responsible for the 
additional conservation cost that is uncertain as of credit awarding, and how is this cost 
shared across the offset market? (iii) What is the relationship between market expansion 
and responsibility share in biodiversity banking schemes?

Moreover, this study considers an additional factor: insurance for the risk of additional 
conservation cost that is generated after credit awarding. This kind of insurance may 
encourage credit trading because it removes the risk for sellers and buyers responsible for 
the compensation of additional conservation costs. This means that implementation of 
insurance schemes after credit awarding may influence the desirable design of the biodi-
versity banking project, particularly on the aspects of responsibility and market structure.

1.4 � Role of laboratory experiment

This study used the laboratory experiment method with a university student sample. Prior 
laboratory experiments in the economics field have contributed to testing theories and 
evaluating policies for dealing with environmental and resource issues. In fact, the Inter-
governmental Panel on Climate Change refers to laboratory experiment as effective an 
approach for capturing the key aspects of policy effects, particularly when data for ex-post 
evaluations are not available (Intergovernmental Panel on Climate Change, 2014, p.1157). 
Furthermore, Muller and Mestelman (1998) discuss the role of laboratory experiments on 
emission trading and show that this method can be used to examine the design and effi-
ciency of programs. Friesen and Gangadharan (2013) also provide a survey of experimen-
tal studies on environmental markets and clarify their contribution for designing effective 
environmental programs. These authors particularly emphasized the importance of investi-
gating the behavioral aspects of market participants.

Many experimental studies on emission trading and individual transferrable quotas 
investigate institutional designs and the behavior of market participants (e.g., Cason, 2003; 
Cason & Gangadharan, 2006; Cason & Plott, 1996; Cason et al., 2003b; Murphy & Stran-
lund, 2007; Tanaka et al., 2014). Ben-David et al. (2000) examine the effect of uncertainty 
on efficiency and demonstrate that uncertainty reduces the function of market mechanisms 

8  Bidaud et  al. (2018) focused on the case of the biodiversity offset program of the Ambatovy nickel 
mine in eastern Madagascar and referred to the responsibilities for social and environmental impacts, and 
the importance of considering the costs for local people whose daily lives are dependent on biodiversity 
resources. Vatn (2018) discussed the introduction of market mechanism for dealing with environmental and 
resource problems and the roles of public and private actors.
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by impeding investment in efficient emission abatement technologies. Other researchers 
studied the influence of uncertainty on the effectiveness of public goods provision (Gan-
gadharan & Nemes, 2009) and the enforcement of penalties for violating emission stand-
ards (Luengo et al., 2020). A common finding in these studies is that uncertainty reduces 
the effectiveness of institutions or policies.9

Thus, we conducted a laboratory experiment to investigate important aspects of the effi-
ciency and institutional design of biodiversity banking programs. First, we verify whether 
a similar inefficiency arises across the markets of biodiversity banking programs, which 
usually have a small number of market participants. Second, we assess whether the effect 
of uncertainty regarding additional conservation costs on efficiency is influenced by (i) the 
existence of insurance and/or (ii) additional conservation cost (ACC) type. In doing so, this 
study complements and extends the results of the study by Nemes et  al. (2008) through 
providing experimental evidence, as we explicitly compare four institution designs from 
the perspective of uncertainty and responsibility.

Another possible method is a lab-in-the-field experiment, in which subjects are real 
stakeholders. However, in the real world, the backgrounds and skills of stakeholders vary 
greatly, which may induce biased results. It is difficult to control these factors in terms 
of precise comparisons among institutional designs or market structures. Meanwhile, an 
advantage of laboratory experiments in the context of biodiversity banking is that they can 
yield data that are comparable to that in the experimental literature in other environmental 
markets. Thus, we adopt a laboratory experiment to precisely observe the functions of bio-
diversity banking markets and the behavior of participants.

The remainder of this paper proceeds as follows. Section 2 describes the experimental 
design. Section 3 examines the results of the experiment, and Sect. 4 discusses the implica-
tions for policies and institutional designs. Section 5 concludes the paper.

2 � Method

2.1 � Experimental design

2.1.1 � Bilateral transactions under uncertainty

We begin with the sessions of bilateral transactions, each with six, eight, 10, or 12 partici-
pants. In the sessions, two participants were randomly paired, and the partners remained 
the same throughout the session. In each pair, one participant is a seller and the other is a 
buyer. For example, when 10 participants were in a session, five were sellers and five were 
buyers (i.e., five pairs).

Each session had 20 rounds. The first half (rounds 1–10) of each session was the same 
for all sessions. In each round, a seller can make a profit by selling one unit of own product. 
The production cost is 100 and the profit is the transaction price minus the production cost. 
Meanwhile, a buyer can make a profit by buying one unit of product from the seller and 
reselling it. The resale price is 180, and the profit is the resale price minus the transaction 

9  The term uncertainty has been used to represent risk, ambiguity, or both. As we explain later, our experi-
mental setting regarding uncertainty is equivalent to the topic of risk. However, considering the reality of 
biodiversity offset schemes, there may be uncertainty related to non-monetary costs (See Sect. 4). Thus, we 
use the term uncertainty throughout the paper.
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price. The production cost and resale price are private information of the seller and buyer, 
respectively.

In each round, each seller can sell only one unit of the product to the trading partner, 
and each buyer can buy only one unit of the product from the trading partner. When the 
buyer and seller make a deal, the product is automatically resold in the market; otherwise, 
the seller does not need to pay the production cost.

Two points are noteworthy. First, each participant cannot deal with a participant who is 
a member of another pair. This setting implies that the market for each pair is completely 
segmented from the other markets in the same session. This allows us to assume extreme 
heterogeneity between the products in different markets, and reflect the important charac-
teristic of biodiversity, which is far from a homogeneous good.

Second, the profits from development, represented as the resale price in the experiment, 
are not always greater than the cost of biodiversity creation in the real world. However, no 
participant would make a deal in such a setting without a subsidy in a laboratory, because 
either a buyer or a seller would obtain a negative profit. We excluded this situation, in 
which the resale price is less than the production cost, to focus on the effect of institutional 
frameworks on transaction behaviors.

At maximum, exchanges opened for 80  s in each round. The basic mechanism is a 
double auction, that is, both the buyer and seller can make offers. During the transaction 
period, each seller and buyer can ask and bid for a product any number of times, respec-
tively. Since only one unit can be transacted in each pair’s exchange in each round, the deal 
is made (i) when the seller accepts the bidding price or (ii) when the buyer accepts the ask-
ing price. The exchange is closed when either there is a deal or 80 s elapses without a deal. 
When all pairs make deals or 80 s elapses, each participant sees the result of her or his own 
and partner on the screen.

2.1.2 � Treatments

We adopted four treatments for the experiment on bilateral transactions. The conditions 
for the second half (rounds 11–20) of the session differed between treatments. The first 
treatment is the Banker-Responsibility-No-Insurance (BNI), in which, at the beginning of 
round 11, an additional instruction is distributed and the following information is men-
tioned: (1) After the transaction is completed, an ACC may arise because of changes in 
standards, specifications, or both regarding the product10; (2) the probability of the occur-
rence of ACC is 0.5 and the ACC is 80; (3) whether the ACC arises will be revealed after 
the exchanges are closed; and (iv) sellers must bear the ACC when it arises.

As described in the Introduction section, this setting is equivalent to risk, rather than 
ambiguity, because the subjects know the probability of ACC. Using a public goods game, 
Gangadharan and Nemes (2009) examine both known and unknown probability cases 
regarding the return from a contribution to private or public goods. The results of this cited 
study shows that, for both cases, the contribution to private (public) goods is smaller when 
there is uncertainty about the return from the private (public) goods than when there is no 

10  As we explain in Subsection 2.4, we used “preservation cost” instead of “additional conservation cost” 
in the experimental sessions because the term “preservation” has a more neutral connotation than the term 
“conservation” in the Japanese language. Moreover, we adopt the term “changes in standards or specifica-
tions” instead of “additional negative impact on biodiversity” to make the experiment as neutral as possible.
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uncertainty. Since our focus is not on the comparison between risk and ambiguity, we sim-
plify the probability structure. In our experiment, the conditions for buyers are the same as 
those in the first half (i.e., rounds 1–10).

In the BNI treatment, we provide the participants with information about the monetary 
value of the ACC when it is incurred, 80, and the probability of occurrence, 0.5, but leave 
the calculation of the expected cost, 40, to each participant. This information ensures that 
the environmental benefits can be defined in monetary terms. To avoid confusion among 
participants, we provided clear information on the cost. In real-world situations, various 
types of biodiversity banking operate, and the possibility of representing the effectiveness 
of conservation by a single measure depends on the type of banking scheme. For example, 
it may be easy to measure the outcome when the banking program targets the specific habi-
tat of a single species,11 but it may be relatively difficult to use a single measure when the 
program covers various factors, such as forest conservation. However, some offset schemes 
incorporate non-monetary conditions, such as ecological performance standards, which 
means that the credit prices in these schemes may reflect environmental costs and values.12

The second treatment is Banker-Responsibility-with-Insurance (BWI). The conditions 
for the ACC in the BWI are the same as those in the BNI. However, in the BWI treatment, 
sellers can buy insurance when a deal is made before the information about whether the 
ACC arises is revealed. If they buy the insurance, they will not need to pay the ACC if it 
arises. The price of insurance is 40, that is, it is equivalent to the expected ACC. This treat-
ment examines whether regulators can encourage transactions and improve efficiency by 
introducing insurance systems for bankers that may be hesitant to partake in biodiversity 
banking because of uncertain cost burdens.

The third treatment is Banker-Responsibility-Social-Cost (BSC). In this treatment, the 
cost is referred to as a social cost, not ACC. We use this term to provide subjects with a 
clear perception that their transactions may induce social rather than private costs. In the 
BNI and BWI treatments, sellers are expected to perceive that the ACC is associated with 
their products; in the BSC, they are expected to perceive that the social cost is not associ-
ated with their products. For example, as Primmer et al. (2019) summarized (Table 3, p. 
781), biodiversity offset schemes may generate not only direct additional costs related to 
the offset processes themselves but also indirect negative impacts on the local communi-
ties and citizens living in the surrounding area of the offset sites. Despite the identification 
by stakeholders and researchers of these social costs of offset schemes, no consensus has 
been reached thus far on who should be responsible for these costs. Thus, we introduce the 
notion of social cost into BSC. From a pure economic incentive perspective, participants 
face the same situation as that in BNI, meaning that the difference between the BNI and 
BSC is simply in the framing of the cost. However, as aforementioned, when considering 
real-world situations regarding biodiversity banking, these two cost types are clearly dif-
ferent from each other. In the BSC, we do not provide a more detailed explanation on the 
difference between ACC and social costs to avoid unexpected biases caused by the subjec-
tive interpretation of social costs. The conditions for the other aspects of the experiment, 

11  The Bobolink project is one such conservation program. For more on the project, refer to the study by 
Swallow (2018).
12  Bankers may not be able to completely account for these non-monetary costs and values. Thus, it would 
make for an interesting extension to give participants relatively vague information on environmental costs 
or benefits in non-monetary terms.
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including the probability, cost amount, and responsibility for cost, are the same as those in 
the BNI.

The fourth treatment is Public-Responsibility-Social-Cost (PSC). As in the BSC treat-
ment, social cost arises with a probability of 0.5 in the PSC, but neither the seller nor 
the buyer must bear the responsibility for the social cost, which implies that the public 
sector pays the social costs. From a pure economic incentive perspective, transactions are 
expected to be encouraged in PSC because subjects do not include the social cost in their 
trading decisions. In the real world, it is possible that the public/local communities, which 
are neither buyers nor sellers of the credits, share this type of cost. Thus, this treatment 
examines whether excess transactions, and accordingly, excess development occurs in 
terms of social surplus when it is not explicitly internalized in the credit market of biodi-
versity banking.

2.1.3 � Additional treatment with multiple sellers and buyers

When regulators consider programs that cover large areas or inter-project trading, multiple 
bankers and developers participate, and this may induce competition in the credit market. This 
penetration of market mechanisms into biodiversity banking schemes influences the desirable 
design of banking programs.13 This makes investigations as to the effect of competition among 
bankers and developers on trading volumes and efficiency an important endeavor. Thus, we 
conduct an additional treatment, named Multiple-Sellers–Multiple-Buyers (MSMB), with 
multiple sellers and buyers, and introduce heterogeneity into the production cost for sellers, 
reflecting differences in the size of the areas that is required to obtain a unit of credit in differ-
ent conservation banking programs. In this treatment, each seller and buyer can take the same 
actions through the session as those allowed in the first half of the sessions for bilateral trans-
actions; the difference of the MSMB is that they observe all bids and asks by all sellers and 
buyers in the same session and can choose any offer to make a deal.

There were four MSMB sessions, among which three sessions had 11 participants (with 
five buyers and six sellers) and one session had 12 participants (with six buyers and six 
sellers). In these MSMB sessions, the production cost of three randomly chosen sellers is 
100 (i.e., the same as in the bilateral transaction treatments), while that of the other three 
sellers is 140. Although this treatment does not explicitly include ACC or social costs, sell-
ers whose production cost is 140 are considered to face a certain amount of ACC.

2.1.4 � Procedure

We conducted two sessions for each bilateral transaction treatment and four sessions of the 
MSMB treatment in November and December 2016. The participants in each session were 
undergraduate students from Kwansei Gakuin University or Musashi University (Table 1).14

13  Biodiversity banking institutions that cover various offset sites may be necessary to ensure the connec-
tivity of different sites and achieve NNL effectively; this is because territorial management of offset projects 
makes it possible for the authority to create green corridors and rich ecosystems. See, for example, Tarabon 
et al. (2021).
14  All the data we use in the current study were obtained through the series of laboratory experiments we 
conducted. Because of research ethics issues, we do not include in this report any type of raw data. Still, the 
z-tree programs and data sets that were used are available from the corresponding author upon reasonable 
request.
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Each participant participated in only one session. We did not exclude students from any 
department. Thus, our sample covers students specializing in various fields, including busi-
ness, economics, law, literature, and social studies. The incentive scheme for the real pay-
ment of participants was based only on their profit in the experiment, and the minimum 
was 2,700 Japanese Yen (JPY). The average was 3,283 JPY.

At the beginning of each session, the subjects had approximately 10  min to read the 
instructions. Then, to ensure their understanding, the instructor read the instructions aloud. 
Each session took approximately 90 min.15

To describe the experimental design and results of this study, we use technical terms 
specific to the topics of biodiversity and offsets. In the experiment, however, participants 
received information with more neutral terminology. For example, we use “preservation” 
instead of “creation,” “restoration,” or “prevention.”

We conducted the experiment using the University of Zurich’s z-Tree (Fischbacher, 
2007), which is one of the major applications for implementing laboratory experiments. 
After the experiment, the application automatically outputs each participant’s decision 
making data (transaction data) as the CSV style between sessions.

Table 1   Description of the experiment sessions by treatment, date, participants, locations, and rounds

* BNI: Banker-Responsibility-No-Insurance
* BWI: Banker-Responsibility-With-Insurance
* BSC: Banker-Responsibility-Social-Cost
* PSC: Public-Responsibility-Social-Cost
* MSMB: Multiple-Sellers–Multiple-Buyers

Treatment Date Number of partici-
pants

Location Rounds

BNI 11/14/2016 8 Musashi University 20
BNI 12/2/2016 12 Kwansei Gakuin University 20
BWI 11/21/2016 12 Musashi University 20
BWI 12/9/2016 12 Kwansei Gakuin University 20
BSC 12/15/2016 12 Kwansei Gakuin University 20
BSC 12/21/2016 8 Musashi University 20
PSC 11/25/2016 8 Kwansei Gakuin University 20
PSC 12/19/2016 6 Musashi University 20
MSMB 12/16/2016 11 Kwansei Gakuin University 20
MSMB 12/20/2016 12 Kwansei Gakuin University 20
MSMB 12/21/2016 11 Kwansei Gakuin University 20
MSMB 12/21/2016 11 Kwansei Gakuin University 20

15  All procedures were performed in compliance with the guidelines of Kwansei Gakuin University Regu-
lations for Behavioral Research with Human Participants, and this study was approved by Kwansei Gakuin 
University Institutional Review Board for Behavioral Research with Human Participants (2021–84). All 
participants that partook in each session provided informed consent.
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2.2 � Efficiency

The major index for our analyses using experimental data is efficiency, which is also 
referred to as social surplus. Efficiency is defined in this study as follows,

where RP, PC, and RMC denote the resale price, production cost, and sum of the realized 
ACC, respectively. It is emphasized that this efficiency includes the ACC, which serves as 
a form of external cost. When the cost is social (BSC and PSC), RMC is the sum of the 
realized social costs. Thus, social surplus here represents not pure economic benefits but 
welfare, including environmental costs/benefits. Based on the ACC of 80 in the experi-
ment, the expected social surplus is larger when a deal is made than when it is not.

2.3 � Convergence prices

Moreover, as a robustness check, we examine convergence prices. The analysis and inter-
pretation of experimental market data can be difficult because individual markets often 
exhibit a convergence process that is not consistent with theoretical predictions. To statisti-
cally characterize the processes of price convergence for each treatment, we use the econo-
metric model suggested by Noussair et al. (1995) and Myagkov and Plott (1997), taking 
the last trading price of each round of the sessions for each treatment as one observation16:

where Pkt is the last price of round t in session k; Dm is a dummy variable equal to 1 for 
m = k, and zero otherwise; βm is a parameter that indicates the convergence price; and ukt is 
a normally distributed disturbance term with zero mean. Other recent analyses also apply 
this estimation method (Kotani et al., 2019; Tanaka et al., 2020). In our experiments, trans-
actions occurred only once in each pair in each round in the BNI, BWI, BSC, and PSC 
treatments. Therefore, we use actual transaction prices as samples for these treatments.

3 � Results

Figures  1 and 2 show the average transaction price and volume, respectively, of each 
treatment. Because the number of participants varies across sessions, we use the ratio 
of deals made to the number of pairs in each round to capture trading volumes. Figure 3 
shows the efficiency of each treatment. First, we verify the differences in transaction 

Efficiency =
(RP − PC) × Number of Deals − RMC

(RP − PC) × Number of Pairs − RMC
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16  Noussair et al. (1995) discussed how to capture the laboratory market convergence index using a regres-
sion model. They mention that the convergence process could not be perfectly understood from a theoretical 
perspective. Further, many empirical studies suffer from some critical problems regarding their statistical 
procedures, such as serial correlation and heteroscedasticity issues, when attempting to reveal the conver-
gence process of each market outcome using market data. Based on these theoretical and empirical prob-
lems, Noussair et  al. (1995) propose the regression model procedures based on the study of Ashenfelter 
et al. (1992).
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prices, volumes, and efficiency in the first half (rounds 1 to 10) between treatments. We 
adopt the Wilcoxon–Mann–Whitney rank-sum test and Welch’s t-test to compare treat-
ments and rounds.17 Tables 2 and 3 summarize the comparisons for the former (z-val-
ues) and latter (t-values) tests, respectively.

Fig. 1   Trading price in each round by treatment

Fig. 2   Trading volume in each round by treatment

17  We implement Welch’s t-test to consider the unequal variance between the treatments.
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When a value is significantly positive (negative), the value in the vertically enumer-
ated treatment is greater (smaller) than that in the horizontally enumerated treatment. 
There were no significant differences in trading volumes and efficiency between the four 
treatments (BNI, BWI, BSC, and PSC), implying that there are no intrinsic differences 
in the characteristics of participants between treatments. Although there are significant 

Fig. 3   Efficiency in each round by treatment

Table 2   Wilcoxon–Mann–Whitney test results of the comparisons of trading price, trading volume, and 
efficiency for the first half between each treatment (Z-values)

The superscripts ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels

Trading price BWI BSC PSC MSMB

BNI 0.756 3.628*** 1.965** −0.151
BWI 2.721*** 1.323 −0.378
BSC -1.058 −3.447***
PSC −1.890*

Trading volume BWI BSC PSC MSMB

BNI 0.837 0.518 −1.296 −3.814***
BWI −0.535 −1.741* −3.805***
BSC −1.724* −3.832***
PSC −1.847*

Efficiency BWI BSC PSC MSMB

BNI 1.222 1.076 0.493 − 3.612***
BWI − 0.344 − 0.647 − 3.805***
BSC − 0.076 − 3.817***
PSC − 3.204***
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differences in average trading prices, considering the relatively small sample sizes, it is 
possible that outliers explain these differences.

Table 3   Welch’s t-test results of the comparison of trading price, trading volume, and efficiency for the first 
half between each treatment (T-values)

The superscripts ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels

Trading price BWI BSC PSC MSMB

BNI 0.7692 2.2277* 0.3957 1.0256
BWI 2.6174** − 0.1379 0.3322
BSC −1.1670 −4.9262***
PSC 0.2795

Trading volume BWI BSC PSC MSMB

BNI 1.3575 0.3721 0.6858 − 4.9308***
BWI −1.1774 −0.5585 −4.8544***
BSC 0.4618 −6.8469***
PSC −4.0327***

Efficiency BWI BSC PSC MSMB

BNI 1.3314 0.7127 0.5951 − 4.4195***
BWI − 0.8988 − 0.6100 − 4.8544***
BSC 0.1081 − 7.1793***
PSC − 3.8039***

Table 4   Wilcoxon–Mann–
Whitney test results of the 
comparison of efficiency, 
trading price, and trading 
volume between the first and 
second halves of each treatment 
(Z-values)

The superscripts ***, **, and * indicate statistical significance at the 
1%, 5%, and 10% levels

Treatment Trading price Trading volume Efficiency

BNI −1.436 2.715*** 3.561***
BWI −1.739* 1.803* 2.809***
BSC −2.570** 3.492*** 3.803***
PSC 0.718 0.472 1.861*
MSMB 0.680 0.117 0.117

Table 5   Welch’s test results of the comparison of efficiency, average trading price, median trading price, 
and trading volume between the first and second halves of each treatment (t-values)

The superscripts ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels

Treatment Efficiency Average trading price Median trading price Trading volume

BNI 6.2693*** 0.2932 −2.1086* 4.6212***
BWI 4.1234*** −0.9035 −4.4935*** 2.1019*
BSC 8.0867*** −3.2961*** −3.6565*** 5.4269***
PSC 1.7628* 0.9662 0.9094 0.3464
MSMB 0.2934 0.8255 −1.6335 0.2934
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Table 6   Wilcoxon–Mann–Whitney test results of the comparison of trading price, trading volume, and effi-
ciency for second half between each treatment (Z-values)

The superscripts ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels

Trading price BWI BSC PSC MSMB

BNI 0.454 2.873*** 3.402*** 3.024***
BWI 3.250*** 3.628*** 3.250**
BSC 1.890* −1.058
PSC −2.948***

Trading volume BWI BSC PSC MSMB

BNI −1.567 −0.232 −3.132*** −3.832***
BWI 0.885 −3.147*** −3.832***
BSC −3.294*** −3.824***
PSC −2.379**

Efficiency BWI BSC PSC MSMB

BNI − 0.076 − 0.608 − 2.429** − 3.819***
BWI 0.228 − 2.694*** − 3.817***
BSC − 2.731*** − 3.817***
PSC − 3.822***

Table 7   Welch’s t-test results of the comparison of trading price, trading volume, and efficiency for the sec-
ond half between each treatment (t-values)

The superscripts ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels

Trading price BWI BSC PSC MSMB

BNI 0.2668 3.8563*** 5.7168*** 3.8177***
BWI 4.2124*** 6.4446*** 4.5914***
BSC 1.9361* −1.1612
PSC −3.8651***

Trading volume BWI BSC PSC MSMB

BNI −0.9122 −0.0000 −3.2008*** −10.0555***
BWI 1.0604 −3.1222*** −16.7930***
BSC −3.5271*** −12.2490***
PSC −6.0719***

Efficiency BWI BSC PSC MSMB

BNI −0.2060 −0.2932 −3.1202*** −11.5263***
BWI −0.0622 −3.0448*** −12.2440***
BSC −3.3975*** −17.0796***
PSC − 6.9503***
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We obtain four interesting results. First, Tables  4 and 5 report the results of the two 
types of tests, comparing the first and second halves of each treatment. A positive value 
implies that the value in the first half is greater than that in the second half. Introducing 
uncertainty in the ACC or social cost significantly reduces trading volumes and efficiency 
in the BNI, BWI, and BSC treatments. However, the difference is relatively unclear in the 
PSC treatment. Thus, the trading volume of the PSC treatment is significantly larger than 
that of the other three treatments. The test results for the second half (11 to 20 rounds) of 
the PSC treatment support this fact (Tables 6 and 7).

Table 8 shows the convergence prices of both halves for each treatment. Tables 9, 10, 
and 11 show the results of the Wald tests for the first half between the treatments, for the 

Table 8   Convergence prices for 
each treatment

The values in the parentheses are the number of transactions (samples)

BNI BWI BSC PSC MSMB

1–10 rounds 130.3375 139.5749 130.5537 114.004 156.4878
(74) (76) (72) (48) (36)

11–20 rounds 164.3492 159.2762 148.5831 137.547 149.8962
(43) (58) (43) (46) (40)

Table 9   Wald test results of 
the comparison of convergence 
prices for the first half between 
treatments (F-values)

The superscripts ***, **, and * indicate statistical significance at the 
1%, 5%, and 10% levels

BWI BSC PSC MSMB

BNI 0.42 0.00 1.30 3.33*
BWI 1.03 8.26*** 3.61*
BSC 13.07*** 32.09***
PSC 9.64***

Table 10   Wald test results of 
the comparison of convergence 
prices for the second half 
between treatments (F-values)

The superscripts ***, **, and * indicate statistical significance at the 
1%, 5%, and 10% levels

BWI BSC PSC MSMB

BNI 1.21 11.69*** 33.79*** 9.82***
BWI 13.93*** 57.83*** 10.72***
BSC 6.98** 0.10
PSC 4.25**

Table 11   Wald test results of 
the convergence prices for the 
two halves in each treatment 
(F-values)

The superscripts ***, **, and * indicate statistical significance at the 
1%, 5%, and 10% levels

Treatment

BNI 5.63**
BWI 4.90**
BSC 15.51***
PSC 2.96*
MSMB 1.92
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second half, and for the two halvesin each treatment, respectively. The results for conver-
gence prices clearly support the results obtained by Wilcoxon–Mann–Whitney test and 
Welch’s t-test.18 Together, these descriptions lead to the first interesting result:

Result 1. The existence of uncertainty regarding ACCs or social costs hinders the credit 
transactions if the bankers bear these costs. Insurance does not affect this outcome.

The values in the parentheses are the number of transactions (samples).
Second, the result for efficiency is similar to that for trading volumes. The average effi-

ciency in the second half is less than 0.3 in the BNI, BWI, and BSC treatments, and greater 
than 0.5 in the PSC treatment. Tables 6 and 7 reveal a significant difference in efficiency 
between the PSC and the other bilateral transaction treatments. In the BNI, BWI, and BSC 
treatments, bankers bear the responsibility for ACCs or social costs, and this makes their 
expected profits to be clearly smaller than those of the participants in the PSC treatment. 
Thus, the responsibility for ACCs or social costs weakens the incentives of market partici-
pants to make deals. This leads to the second interesting result:

Result 2. The existence of uncertainty regarding ACCs or social costs reduces social 
surplus if bankers bear these costs. Insurance does not affect this outcome.

Third, we observe similar trends for the average trading price in the BNI and BWI treat-
ments. Tables 6 and 7 indicate that the average prices in these two treatments are signif-
icantly higher than those in the BSC and PSC treatments. This finding that the average 
trading prices under BNI and BWI are higher than that under PSC is intuitive, and this is 
because bankers bear the ACC or insurance cost in the former two treatments, but not in 
the latter. However, because bankers bear the costs (regardless of whether ACC or social 
cost) in BNI, BWI, and BSC, it is not intuitive that the average prices under BNI and BWI 
are higher than those under BSC. This provides us with the third interesting result:

Result 3. The average trading prices are higher when there is ACC than when there is 
social cost.

Fourth, the MSMB treatment provides important findings. Figures  1, 2, and 3, and 
Tables from 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 present the general results. In the MSMB treat-
ment, the average price is slightly over 140, which is also the production cost for three of 
the six sellers; almost all sellers and buyers make deals; and the efficiency is almost 100%. 
These results imply a simple, yet important, fact: the market is perfectly competitive, even 
if each seller and buyer can transact only one unit of the product.

Result 4. Efficiency in the MSMB treatment is significantly greater than in any of the 
four bilateral transaction treatments.

The result for efficiency in our study is comparable to and supports the findings of the 
study by Nemes et al. (2008). Their simulation shows that the surplus under multilateral 
transactions can be much greater than the surplus under bilateral transactions. Accordingly, 
our experimental evidence supports their results.

18  The correlation between D
m
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)

 and t
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)

 relies on sample size (the number of participants and ses-
sions) in each treatment. The lowest coefficient correlation between the variables is -0.623 in the PSC treat-
ment, and the highest coefficient correlation is -0.430 in the BNI treatment.
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4 � Discussion

In this section, we discuss the relationship between responsibility for ACC and transaction 
behavior in the context of biodiversity banking and consider its application to institutional 
designs.

First, the comparison of the results between the first and second halves in the bilateral 
transaction sessions and the comparison of the results for the second half between the PSC 
and the other bilateral transaction treatments reveal that transaction volumes are smaller 
when bankers are responsible for ACC than when they are not. According to the experi-
mental design, social surplus is greater when a deal is made than when no transaction takes 
place (even when the expected ACC is positive), but efficiency is reduced in the presence 
of ACC (Result 2). We do not explicitly examine the case in which buyers are responsible 
for ACC in our experiment because we follow the product liability rule. However, analo-
gously, buyers taking responsibility for ACC may also work to reduce transactions.

The analyses of convergence prices, shown in Tables 8 and 9, also clearly reveal that the 
trading prices increase when the sellers are responsible for ACC, with the increase in the 
amount being approximately a half of the ACC. This implies that part of the responsibil-
ity for ACC is shared by buyers through changes in credit prices; namely, even when the 
rule stipulates that buyers take responsibility directly, sellers may share the responsibil-
ity through market transactions. Primmer et al., (2019, p. 781) summarized the rights and 
responsibilities of stakeholders (e.g., offset buyers, sellers, authorities, and citizens). Our 
results suggest that as far as ACC is concerned, the cost burden is shared between sellers 
and buyers through credit transactions, and this is regardless of whether the rule formally 
delegates the responsibility to sellers or buyers. However, as Cole et al. (2022) mentioned, 
the communities and the citizens in the area targeted by the offset project and those in the 
surrounding areas are influenced by the offsets, and the market mechanism cannot ensure 
the share of responsibility between market participants and the public/society, which may 
be interested local communities. Thus, an important point here is to determine that the way 
of sharing the responsibility between the market participants and the public/society.

Second, the banker-responsibility scheme may result in an over-reduction of transac-
tions in terms of social surplus. Even in the second half of the experiment of all treatments, 
there is a chance for both the seller and the buyer to make profits from a transaction. How-
ever, in the BNI, BWI, and BSC treatments, the trading volumes suddenly decrease in the 
11th round. A possible reason for this is as follows. Each participant can transact only one 
unit of credit in each session of the experiment. When market participants can sell and 
buy as many units as they want, they may make decisions based on the expected profits 
gained from each transaction. However, when market participants can sell or buy only one 
unit of credit, they may consider avoiding losses even when the worst case occurs. In our 
experimental sessions of the BNI and BSC treatments, the total cost for sellers when the 
ACC or social cost arises is 180. Thus, even if the expected total cost is 140, sellers’ offers 
may be 180 or higher, and this makes it difficult for buyers to accept the offers. In the BWI 
treatment, the same situation arises when bankers do not buy insurance. Further, even if 
sellers buy insurance, their offers are 140 or higher. As aforementioned, the possibility of 
a transaction is lower when sellers may have to bear the ACC or social cost than when this 
burden does not exist.

Third, Fig.  2 and Result 4 reveal that efficient situations arise in all rounds of the 
MSMB treatment. Although the production cost of three random sellers is 140, which is 
significantly higher than that of the other three sellers, this cost heterogeneity does not 
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inhibit efficient market outcomes. Unlike in the case of bilateral transactions, deals in 
the MSMB treatment are made unless the expected profits are negative. Furthermore, in 
this treatment, the higher production cost can be considered to be similar to the inclu-
sion of an ACC. This result, particularly based on the comparison between the results 
of the PSC and MSMB treatments, implies that the greater the number of buyers and 
sellers in a biodiversity banking program, (i) the weaker the transaction reducing effect, 
(ii) the less likely it is for over-reduction to arise, and (iii) the greater the efficiency 
achieved, including the value of biodiversity. Simpson et al. (2021) apply their concep-
tual model of an offset market to the UK region to examine whether the offset mecha-
nism can achieve NNL. Their results show that (i) developers gains more than bank-
ers and (ii) the larger area the offset market covers, the greater efficiency is achieved 
because the number of participants become larger. Our experimental results are con-
sistent with their results. In our study, the convergence prices in the first half of the 
BNI, BWI, BSC, and PSC treatments are lower than 140 (Table 8), and the correspond-
ing prices for the second half are lower than 160, except for the BNI treatment. These 
prices indicate that buyers generally gain more benefits than sellers do, and our Result 
4 reveals that the larger the number of participants, the more efficient the outcome that 
the credit market achieves; this is because the trading volume of the MSNB treatment is 
clearly greater than that of the other treatments.

The second and third points discussed here suggest that the relationship between mar-
ket structure and the responsibility scheme should be considered in biodiversity banking 
programs. Various researchers have been criticizing market expansion efforts, and many 
mention that biodiversity banking programs with credit transactions have not been able 
to achieve NNL, which is the major goal of these programs; Kalliolevo et  al. (2022) 
demonstrated that biodiversity surveys in Finland were not adequate for meeting the 
requirement of biodiversity offsets. Two other articles describe the necessity of long-
term monitoring of offset schemes, something that has not been implemented thus far 
(Damiens et al., 2021; Josefsson et al., 2021). Drechsler (2022) conducted a simulation 
based on a generic, agent-based, ecological economic simulation model, with the find-
ings indicating the possibility that NNL is not achieved under award-initiation schemes. 
Moreover, in the context of Uganda, Kigonya (2022) demonstrated that the practition-
ers’ perceptions and understanding of offset schemes are different from the original con-
cept and, accordingly, NNL may not be achieved. In such situations, market expansion 
may aggravate the problem of biodiversity loss (e.g., Zu Ermgassen et al., 2020). The 
other important criticism among academicians regarding market expansion in the con-
text of biodiversity banking programs is regarding equity. For example, Sponagel et al. 
(2022) referred to polarization between urban and rural areas using the case study of the 
Stuttgart Region in Germany. Moreover, Tupala et  al. (2022) pointed out the unequal 
outcome of offset schemes, particularly for local people in the Global South, because 
they may lose their livelihoods when the offset project is executed in an area far from 
the place of the development project.

However, the demand for the expansion of biodiversity banking programs to other areas 
has increased over the past few decades (e.g., Theis & Poesch, 2022). Although the market 
expansion of biodiversity banking programs may increase the degree of uncertainty regard-
ing offset completion, the economic efficiency under award-initiation schemes is greater 
than under award-completion schemes when the achievement of NNL is uncertain. This 
makes market expansion a viable option for environmental authorities. Moreover, research-
ers have been making steady progress regarding the metrics and evaluation of biodiversity 
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values. We can observe this progress in the literature even when reviewing recent research 
(Doka et al., 2022; Marshall et al., 2022; Maseyk et al., 2016; Yan et al., 2022).

Our comparison of the results for the PSC treatment and other bilateral transaction treat-
ments (BNI, BWI, BSC) reveals that, as the metrics and evaluation techniques of biodi-
versity offset schemes improve, it may be more reasonable for the public sector to take 
responsibility for ACC. However, market expansion may increase the seriousness of the 
biodiversity loss caused by uncertainty. Moreover, as demonstrated by Cole et al. (2022), 
people consider that a larger compensation site is needed when the offset scheme is exe-
cuted far away from the actual development project. Accordingly, biodiversity banking 
should consider not only economic and ecological costs and benefits but also the effects 
of the transactions on the local society. Thus, when the market of a biodiversity banking 
program covers a large area, the program should include the rule that either bankers or 
developers must take direct responsibility for ACC.

Third, our results show that insurance does not influence trading volumes nor reduces 
efficiency. In the BWI treatment, the maximum possible total trading volume was 120, but 
the actual volume was 58, among which 39 sellers chose to buy insurance. This implies 
that insurance contributes to an increase in sellers’ subjective payoffs, as well as that insur-
ance does not significantly influence efficiency in the BWI treatment when compared to 
that in the BNI and BSC treatments. That is, the share of responsibility through the imple-
mentation of insurance schemes can be dissociated from efficiency.

One of the applications of the banker-responsibility scheme is through the design of 
the trading ratio or multipliers (Moilanen et  al., 2009; Curran et  al., 2014; Bull et  al., 
2017; Needham et al., 2019; zu Ermgassen et al., 2019; Bergès et al., 2020). Various offset 
schemes and banking programs have applied the notion of offset ratios, relative quantity, 
and quality of the biodiversity compensation and damaged areas. Considering the uncer-
tainty and time lag, multipliers are often greater than one. zu Ermgassen et al. (2019) show 
evidence that, when multipliers are greater than one, the possibility of NNL achievement 
is high, and Bull et al. (2017) provide a list of multipliers for various types of offset pro-
grams. When offset programs incorporate banking schemes, the multipliers are applied to 
the trading ratios. In our experiment, the notion of trading ratios greater than one can be 
applied to the use of insurance. The additional compensation requirement based on a regu-
lated trading ratio is considered as a situation in which sellers must pay ACCs in advance 
to avoid the risk of additional loss of biodiversity. In the context of biodiversity banking, 
researchers have discussed multipliers mainly regarding biological uncertainty, externality 
to surrounding sites, and ethical issues. Our results show that, in addition to these aspects, 
for stakeholders to obtain the desirable multiplier for each offset program, behavioral 
aspects related to uncertainty and market structure should also be considered.

Moreover, past scholars have discussed that when a banker fails to complete an offset 
and, as a consequence, an unexpected biodiversity loss occurs, an adequate compensation 
should be provided (e.g., Moreno-Mateos et al., 2015). However, when the public shares 
the responsibility for this unexpected biodiversity loss, the use of a public sector insurance 
scheme may serve as a reasonable option.

Fourth, we would like to emphasize the topic of ethical cost. Jacob et al. (2017) show 
in their experimental study that moral costs inhibit rational behavior and reduce efficiency. 
Although we exclude ethical costs from the experimental design, the PSC treatment may 
still provide some indications for participants regarding the link between transaction 
behavior and ethical cost. Our results for the PSC treatment show no significant difference 
between the two halves, revealing that it is difficult for market participants to consider the 
social cost during transactions unless they perceive it as their own cost. Still, this study 
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does not delve into the desirable degree of incorporation of ethical costs into biodiversity 
banking programs; if society reaches a consensus on the desirable degree of incorpora-
tion, this would mean that schemes for internalizing ethical costs into the credit market are 
required. However, even in such a case, because our experimental results show that effi-
ciency can be way lower than 100% when bankers are responsible for the ACC, behavioral 
aspects of offset schemes and biodiversity banking should be considered when attempting 
to balance development and conservation.

5 � Conclusion and policy recommendations

Focusing on behavioral aspects, this study conducted a laboratory experiment to inves-
tigate the effect of uncertainty and market structure changes on credit transactions in 
biodiversity banking programs. To ensure the desirable institutional design of off-
set schemes, it is important that we accumulate not only theoretical but also practical 
knowledge on the behavior of market participants. Our experiment clarifies the incen-
tive effects of ACCs on bankers’ credit trading, showing that uncertainty regarding 
ACCs significantly reduces transaction volumes. At the same time, if the additional cost 
is a social cost and is not borne by bankers, the credit market cannot internalize the 
cost. Moreover, when the biodiversity banking market is competitive, the existence of 
ACCs and uncertainty do not affect transaction behavior, and the market achieves an 
efficient situation. It may be tempting to try and evaluate all types of costs using a single 
measure, such as in monetary terms, but other kinds of costs (e.g., ethical costs) may 
also exist. Thus, stakeholders should carefully consider the institutional design of the 
internalization of ACCs.

Our experimental results provide important policy recommendations. It is important for 
practitioners to stipulate the responsibility for the cost and a method for sharing the costs 
caused by development projects and their compensation schemes. As explained in detail in 
Sect. 4, the ACC may be shared between sellers (bankers) and buyers (developers) through 
credit transactions, and the credit’s price plays a key role in such sharing. However, the 
market does not have the means to distribute the responsibility between market participants 
and other stakeholders, such as local communities. Thus, it would be ideal if stakeholders 
developed policies that ensure the sharing of responsibility for ACCs and social costs of 
biodiversity banking programs between market participants and the public. In such situa-
tion, behavioral aspects of biodiversity banking programs should be carefully considered, 
and it may be desirable for the public sector to bear the ACC. Moreover, the larger the 
area of an offset scheme, the greater the number of possible market participants; thus, the 
responsibility of these market participants (i.e., developers and bankers) should also be 
greater.

This study has several limitations. First, although the ACC is set at 80 in our experi-
ment, the degree of inefficiency may depend on the size of the ACC, social cost, and 
insurance cost. The behavior of market participants may also depend on the combination 
of the degree of uncertainty and market structure. Second, we have not included various 
stakeholder types into the experiment, and the behaviors of other stakeholders may change 
according to the changes in institutional designs. This makes future research observing 
their behaviors in a laboratory experiment.

Third, although we conducted a series of laboratory experiments to observe and evalu-
ate the relationship between credit trading behavior, uncertainty, and market structure, our 
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results could and should be completed by future natural or field experiments. Their data are 
likely to help us to more accurately identify the factors that inhibit the smooth implementa-
tion of new schemes in real biodiversity banking programs. Fourth, it would be interesting 
to incorporate non-monetary factors, such as ethical benefits and costs, into a laboratory 
experiment. Experimental methods can be used to measure the intrinsic preferences of sub-
jects, such as altruism and trust. Combining these experiments and information-differenti-
ated treatments, it is possible to uncover behavioral characteristics that are specific to the 
credit market of biodiversity banking.

Finally, social responsibility related to environmental conservation behavior correlates 
with the preference for environmental conservation, and high schools and universities in 
developed countries have introduced educational programs to promote the growth of envi-
ronmental consciousness. Kurokawa et al. (2023) frevealed that environmental education 
increases awareness of environmental issues. Meanwhile, our results rely on experimental 
data collected in 2016, and students’ sensitivity to social costs in current days may differ 
from that in 2016. Thus, future researchers could examine the role of environmental con-
sciousness on the behavior of market participants in the context of biodiversity banking 
programs; they could also assess sensitivity to social costs among current-day students.
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