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Abstract: Forestry infrastructure plays a critical role in promoting tree growth to achieve carbon-
neutral targets. However, as a quasi-public good, it faces challenges because of its non-excludability,
meaning that everyone can use it whether they pay for it or not, which results in a phenomenon
known as ‘free-riding’ and poor supply. In China, the government can regulate the supply behaviour
by adjusting information feedback approaches, such as disclosing the supply value and revenue.
This study examined three information feedback approaches: full feedback (disclosing supply and
revenue), half feedback (disclosing only supply), and no feedback (no disclosure). It then combined
these three information feedback methods with other three groups of variables, namely whether
there was a reward or punishment mechanism, whether the return rate of forestry infrastructure was
certain, and whether the foresters could communicate with each other, and 20 policy scenarios were
designed. Using experimental economics, foresters’ supply behaviours in these policy scenarios were
simulated. The results revealed that: (1) The scenario yielded the highest supply, which is with half
feedback, certain return rate of forestry infrastructure, with a reward or punishment mechanism,
and no communication. (2) When there is no reward or punishment mechanism, no communication,
and the return rate of forestry infrastructure is certain, no feedback increases the supply. In the
presence of rewards and punishments, half feedback leads to the highest supply. If there are no
rewards or punishments but with a certain return rate and communication, full feedback results
in the highest supply. (3) Implementing a reward or punishment mechanism and information
feedback simultaneously increases the supply more effectively. The theoretical analysis and policy
recommendations of this study aim to improve the supply status of forestry infrastructure.

Keywords: information feedback approaches; experimental economics; supply; behaviour; free-riding

1. Introduction

Forestry infrastructure encompasses both natural and man-made features that facilitate
the management, utilisation, and protection of forest resources [1]. It includes various
elements such as forest roads, trails, bridges for accessing remote areas, management
buildings for equipment and supplies, and fire lookout towers and suppression systems
for wildfire control and so on.

Forestry infrastructure plays a vital role in promoting tree growth and enabling the
ecological functions of forests [1]. Recently, the global concern over climate change and its
association with greenhouse gas (GHG) emissions [2—4] has underscored the importance
of forests in purifying the air [5,6] as the trees absorb carbon dioxide, a major GHG,
which leads countries and regions worldwide to focus on conserving and expanding forest
resources. In this context, forestry infrastructure has attracted considerable attention, as it
serves as a fundamental material foundation for maintaining healthy forests [7-11]. For
example, forest roads, trails, and bridges provide access to various areas for activities such
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as tree planting, thinning, and monitoring. Fire lookout towers and suppression systems
help prevent and control forest fires.

However, forestry infrastructure is considered a ‘quasi-public good” with non-
exclusivity [1], which means it is jointly used by foresters and funded through cooper-
ation, resulting in a phenomenon known as ‘free-riding’, where foresters try to avoid
paying for infrastructure, hoping that others will contribute more. This discourages
foresters and results in a poor supply of forestry infrastructure [12-14].

The government can modify information feedback to regulate foresters” supply be-
haviour [15]. Studying the supply behaviour of foresters under different feedback methods
can help determine which approach would minimise the ‘free-riding’ phenomenon and im-
prove the overall supply. In this study, three modes of information feedback were designed,
namely full feedback (disclosing both supply and revenue), half feedback (only disclosing
supply), and no feedback (no information disclosed).

Numerous studies have discussed the importance of forestry infrastructure and pro-
posed suggestions for improving its supply [7,8,16-23]. However, such studies have not
systematically analysed how to improve the supply or addressed the supply behaviour
of foresters. Our previous work studied the mechanisms of the private voluntary [24]
and leader supply [1] of forestry infrastructure, highlighting the character of forestry in-
frastructure as quasi-public goods and analysing how to reduce the free-riding behaviour.
These studies have provided valuable foundational research into the supply mechanisms
of forestry infrastructure. However, the scenarios set up in these studies were simple. They
only explored whether information feedback could enhance the supply without studying
which information feedback method would be more conducive to improving the supply by
classifying information feedback methods.

Experimental economics can model how human behaviour changes in different scenar-
ios. This method is widely used to study how to change the supply behaviour of suppliers
of public goods. For example, Reeson and Tisdell [25] used experimental economics to
analyse the impact of revenue inequality on public goods provision. Coricelli et al. [26]
used experimental economics to examine the effect of partner selection on voluntary contri-
butions to public goods. Nowell and Tinkler [27] discussed the impact of gender on public
good provisions using experimental economics. Lotito et al. [28] analysed the impact of
two types of relational goods on voluntary contributions to public goods. Peters et al. [29]
examined the supply of family public goods using experimental economics.

A series of economic experiments were carried out in this study to understand the
effect mechanism of information feedback approaches on the forestry infrastructure supply.
First, in order to simulate as many supply scenarios as possible to be close to reality, be-
sides information feedback methods, we selected three sets of variables, namely whether
foresters can communicate with each other before supplying, whether there is a reward or
punishment mechanism [1], and whether the return rate of quasi-public forestry infrastruc-
ture is certain [1]. Then, the four sets of variables were arranged and combined in various
ways, and 20 scenarios were designed. Finally, volunteers were selected to play the role of
foresters, and the changes in the supply and free-riding behaviours of foresters in different
experimental scenarios were systematically analysed, and the factors influencing behaviour
changes were discussed.

This study contributes to the literature in a two-fold manner. (1) It proposes different
designs for various information feedback methods, and (2) thoroughly discusses the impact
of information feedback methods in terms of the supply and free-riding.

The rest of this paper is organised as follows. Section 2 outlines game theory, the design
of the scenarios, experimental progress, selection principles, and statistical characteristics
of the volunteers. Section 3 discusses the influence of different information feedback
approaches on foresters’ supply behaviour. Finally, the conclusions are summarised in
Section 4 together with a brief discussion and policy implications.
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2. Methodology and Data

Regarding the research methods, we first used game theory to analyse the equi-
librium results of the supply behaviour of foresters without policy intervention. Then,
experimental economics was used to simulate how foresters’ supply behaviour would
change under different policy scenarios. Specifically, this section begins with a game the-
ory analysis, followed by descriptions of the detailed experimental design and process,
the volunteer selection process, and statistical characteristics. Then, the results” analysis
methods are introduced.

2.1. Game Theory

As a quasi-public good, forestry infrastructure is jointly supplied by two or multiple
foresters. Due to the non-exclusive nature of quasi-public forest infrastructure, there is a
phenomenon of ‘free-riding’, which leads to a game relationship between foresters.

To analyse this game relationship, we used two foresters as examples to describe
their supply process, and the simplified game process is described by the payment matrix
(Table 1). In this payment matrix, forester A and forester B choose game strategies according
to the cost and the revenue brought by forestry infrastructure. We assumed that forester A
and forester B are in the same forest area and that they both have a good understanding of
the functions and construction process of forestry infrastructure.

Table 1. The payment matrix.

Forester B

Suppl No Suppl
Forester A upPly 0 supply
Supply rl-c, 12-c r1-2c, 12
No Supply 11, r2-2c 0,0

Note: The underline represents the strategy selection of foresters, for example: (r1, r2-2c) represents Forester A's
strategy is “No Supply”, and Forester B's strategy is “Supply”.

Here, 11 refers to the revenue of forester A from supplying forestry infrastructure,
and 72 refers to the revenue of forester B. The cost of constructing the facility is 2c, and if
both foresters supply it simultaneously, the cost is shared equally, resulting in each forester
bearing a cost of c.

When the revenues of foresters obtained from supplying forestry infrastructure out-
weigh the supply costs (i.e., ¥1-2c > 0 & r2-2c > 0), then the game equilibrium results will be
(Supply, No Supply) or (No Supply, Supply). If the revenues from these facilities are lower
than the supply costs (i.e., r1-2c < 0 & 12-2¢ < 0), then the equilibrium result will be (No
Supply, No Supply).

Based on these equilibrium results, unless the revenue brought by the facility to
foresters exceeds the cost of building it, their strategic choice, in the absence of government
intervention, is likely to be ‘No Supply’. Therefore, it becomes crucial to explore the policies
that should be implemented to incentivise foresters to increase their supply.

2.2. Experimental Scenarios Design

As analysed using the game theory above, when there was no policy intervention, the
supply willingness of foresters was lower. Experimental economics could simulate how
the supply behaviours of foresters changed under different policy scenarios. We used this
method to study how the supply behaviour of foresters could change when the government
adopts different information feedback methods to analyse which information feedback
methods would be the most conducive to improving supply.

Information feedback refers to the process of government disclosure of the supplies
and revenues of foresters. This study designed three types of information feedback methods,
namely, no feedback (NF), half feedback (HF), and full feedback (F). If nothing is disclosed, it
is considered no feedback (NF). If only supply information is disclosed with no disclosure of
the revenue, it is half feedback (HF). If both supply and revenue information are disclosed,
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it is considered full feedback (F). As already mentioned, in order to simulate as many
supply scenarios as possible to be close to reality, we considered three additional sets of
variables alongside the information feedback methods, namely whether the foresters could
communicate with each other before supply, whether there was a reward or punishment
mechanism [1], and whether the return rate from forestry infrastructure was certain. Then,
the four sets of variables were arranged and combined in various ways, and 20 scenarios
were designed in the simulation game. The reward or punishment mechanism [1] refers to
the implementation of rewards or punishments on foresters to reduce free-riding behaviour.
The same person would not receive both rewards and punishments but would either
be rewarded or punished. If a forester engaged in free-riding behaviour, he would be
punished by other members. In contrast, if the member’s supply level was high with no
free-riding, other members would reward him. The reward or punishment mechanism can
only be implemented in situations of HF and F scenarios, as only in these two situations
could the foresters see the supply of others. Reward and punishment behaviours were not
implemented in the NF scenario. Finally, there were only four scenarios (NF1-NF4) in the
NF scenario, whereas eight scenarios (HF1-HF8 and F1-F8) were designed in the HF and F
scenarios (Table 2).

Table 2. Detailed experimental scenarios.

Categories Experiments-NF (10 Rounds)  Experiments-HF (10 Rounds)  Experiments-F (10 Rounds)
First category NF1: NF x NU x NP x NC HF1: HF x NU x NP x NC F1: F x NU x NP x NC
Second category NF2: NF x NU x NP x C HF2: HF x NU x NP x C F2: F x NU x NP x C
Third category NF3: NF x U x NP x NC HF3: HF x U x NP x NC F3: F x U x NP x NC
Fourth category NF4: NF x U x NP x C HF4: HF x U x NP x C F4:F x U x NP x C
Fifth category HF5: HF x NU x P x NC F5: F x NUxPxNC
Sixth category HF6: HF x U x P x NC F6: F x U x P x NC
Seventh category HF7: HF x NU x P x C F7: Fx NU x P x C
Eighth category HF8: HF x U x P x C F8: F x U x P xC

Note: C indicates that communication is allowed, whereas NC indicates that communication is not allowed.
U indicates that the return rate from forestry infrastructure is certain while NU indicates that the return rate
from forestry infrastructure is uncertain. P indicates that there is a reward or punishment mechanism, while
NP represents no reward or punishment mechanism [1]. In order to discuss the impact of information feedback
approaches, 20 scenarios were divided into eight categories, in which all variables were the same except for
different information feedback approaches. Specifically, the first category, including NF1, HF1, and F1, explored
the impact of information feedback approaches on supply under a certain return rate, no reward or punishment
mechanism, and no communication available. The second category, including NF2, HF2, and F2, compared the
different supply results under an uncertain return rate, no reward or punishment mechanism, and communication.
The third category, including NF3, HF3, and F3, examined the supply with different information feedback
approaches under a certain return rate, no reward or punishment mechanism, and no communication. NF4,
HF4, and F4 (from the fourth category) studied the supply under a certain return rate, no reward or punishment
mechanism, and communication. HF5 and F5, included in the fifth category, studied the impact under an
uncertain return rate, with reward or punishment mechanism, and no communication. HF6 and F6, included in
the sixth category, studied the effect on the supply results under a certain return rate, with reward or punishment
mechanism, and no communication. The seventh category, including HF7 and F7, examined the influence of
information feedback approaches under an uncertain return rate, with reward or punishment mechanism, and
communication. Lastly, HF8 and F8, included in the eighth category, studied the supply effect under the conditions
of a certain return rate, with reward or punishment mechanism, and communication.

2.3. Experimental Process

The experimental economic operation was realised using the z-Leaf and z-Tree [30]
programs. Before the experiment, we thoroughly explained the concept of quasi-public
forestry infrastructure and the experimental instructions to each volunteer. The volunteers
were asked to sit for paper-based tests to ensure they fully understood the rules of the
experimental process, and the basic operations of the z-Leaf and z-Tree were also introduced.
Please refer to Supplementary Materials and reference [1] for the experimental instructions
and tests. Then, all volunteers were moved to a laboratory, and each sat before a computer
that had z-Leaf installed. The person in charge of the experiment had a computer with
z-Tree installed and could control the interface of z-Leaf through coding.
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During the experiments, multiple volunteers were selected to play the role of foresters,
and a public account was constructed to simulate quasi-public forestry infrastructure. Each
volunteer has 50 initial chips. The supply of forestry infrastructure was simulated when
the volunteer invested chips into a public account. The revenues received by the volunteers
from the public account represented the revenues received by foresters from supplying
forestry infrastructure.

The formula for calculating the revenue (Figure A1) [15], obtained by supplying
quasi-public forestry infrastructure, is given below.

IT = xjy + BGy = -8t + BY_git, 1)

where IT refers to revenue of the member obtained from supplying the forestry infrastruc-
ture. Xj; represents the retained chips of member i in round t after supplying into public
account. G; refers to the total chips of public accounts, e refers to the initial chips of each
member, g;; is the supply in the public account, and f is the return rate from the public
account, where 0 < S < 1.

2.4. Selection and Statistical Characteristics of Volunteers

Three principles guided the selection of volunteers [15]: (1) the ability to read and
understand the experimental rules; (2) having computer operating skills; and (3) having
knowledge of quasi-public goods forestry infrastructure.

To ensure the rationality and reliability of the experimental results, each policy scenario
was simulated four times, and four participants were selected for ten rounds of gaming
each time. Each volunteer could only participate in one experiment scenario and could not
participate repeatedly.

In this study, the volunteers were foresters selected through field investigations, and
the locations of the field investigation were the same as in a previous study [1]. Table 3,
which was derived from reference [1], describes the gender, nationality, age, loans availed,
part-time jobs, and other characteristics of the participants, which were obtained through
a questionnaire survey. For a detailed description of the questionnaire, please refer to
reference [1].

Table 3. Statistical analysis of the characteristics of the volunteers.

Variables Mean S.D. Min  Median Max

Gender 0.300 0.200  0.000  0.000  1.000

Are you an ethnic group? 0950 0211  0.000 1.000  1.000
Are you a communist? 0250 0115  0.000  0.000  1.000
Have you ever taken a loan? 0.200 0400 0.000 0.000  1.000
Have you ever worked part-time? 0.400 0500 0.000 0500  1.000

Have you ever participated in an experiment? 0.050  0.261 0.000  0.000  1.000
What is your average monthly household income? ~ 3.021  0.813  1.000  3.000  4.000
Evaluation of self-reliability 3500 0500 2.000 4.000 5.000
Evaluation of stranger’s credibility 2600 0684 1.000 3.000  4.000

Note: 0 in gender means the volunteer was female and 1 means male; 0 in ethnic group means the volunteer
was an ethnic minority and 1 means Han; 0 in communist or not means the volunteer was not a communist
and 1 means yes; 0 in with or without a loan indicates that the volunteer did not have a loan and 1 means they
did; 0 in have ever worked part-time indicates the volunteer has not worked part-time and 1 means they had; 0
in have ever participated in the experiment indicates the volunteer had not participated in experiments before
and 1 means they had; 1-4 in average household income per month refers to four different levels of income:
0-3000 RMB, 3001-6000 RMB, 6001-9000 RMB, and more than 9000 RMB; 1-5 in evaluation of self-reliability
refers to the sequential increase in self-reliability (i.e., 1 = quite untrustworthy; 2 = untrustworthy; 3 = fair;
4 = trustworthy; 5 = very trustworthy); 1-5 in evaluation of stranger’s credibility refers to an increase in trust in
others (i.e., 1 = quite untrusting; 2 = untrusting; 3 = fair; 4 = trusting; 5 = very trusting).

2.5. Mann—Whitney U test and Multiple Linear Regression

After collecting the supply data of foresters using experimental economics, the Mann—
Whitney U test was used in this study to compare the differences in the data between the
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two groups and to discuss the influence of communication, reward or punishment mecha-
nism, and the return rate on supply. If the p-value was less than 0.05, it was considered
that this factor had a significant impact on supply [1]. In addition, the multiple linear
regression (MLR) model was used to analyse the influence factors of volunteers’ next-round
decisions [1].

3. Results

The supply results in 20 scenarios will be compared as well as the free-riding be-
haviours in this section. Then, the detailed analysis will be presented about the influence
of reward or punishment mechanism, communication, and return rate on the supply when
the information feedback methods are the identical. Finally, the factors influencing the next
round of the supply behaviour of foresters in different scenarios were analysed.

3.1. Comparison of Supply and Free-Riding Behaviour in Different Scenarios

The supply trends were all downward in the first and second categories (Figure 1),
which indicated that NF, HF, and F are not conducive to improving the supply in these two
categories. In the third category, only F3 had an upward trend. In the fourth category, the
trends of HF4 and F4 were upward while the trend of NF4 was downward. In the fifth
and seventh categories, the supply trends first declined, then rose, and the supply of HF
was higher than that of F, indicating that HF and F were beneficial to improving the supply.
The supply trends were upward in the sixth and eighth categories, showing that HF and F
could improve the supply levels in these two categories.
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Figure 1. Supply trends in different scenarios.

The supply (Figure 2) was statistically analysed for all 20 scenarios. Overall, the
highest mean supply is under the scenario HF6 (HF x U x P x NC). The reason for
this is that information feedback can provide three pieces of information: the supply of
other members, the relationship between the supply and revenue of each member, and
the relationship between the supply and the rewards and punishments they receive. In
an NF scenario, none of these three pieces of information can be obtained, and decisions
are only made based on the return rate. Moreover, the reward or punishment mechanism
is not considered in NF scenarios, making it impossible to punish free-riding behaviour,
which leads to significant supply differences among members and more free-riding, which
cannot effectively improve the supply. If all three pieces of information are disclosed (F);
by comparing the relationship between the returns and supply of each member, it can be
visually found that the less they invest, the more revenue they receive, which means that
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free-riding can earn more revenue. At the same time, the members realize that only the
person who invests the least receives the most punishment. Therefore, each member tries
to reduce the supply appropriately so that it is close to the lowest supply in the last round,
but not lower than that. When everyone has this mentality, the supply level will decrease.
On the contrary, if HF is used, everyone can only see the supply in the last round, and
cannot visually observe the rule that the less investment, the more the returns. In this case,
rewards and punishments are their biggest concern. In order to obtain more rewards or
avoid punishment, they will choose to increase their supply.
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Figure 2. Statistical analysis of supply in different scenarios.

From the objects of the categories, in the second category, NF2 had a higher mean,
indicating that NF2 was conducive to improving the supply. In the first, sixth, seventh, and
eighth categories, the mean supply in HF1, HF6, HF7, and HF8 were higher, suggesting
that HF1, HF6, HF7, and HES were effective in improving the supply. In the third, fourth,
and fifth categories, the mean supply in F3, F4, and F5 were higher, indicating that F3, F4,
and F5 were conducive to improving the supply.

The standard deviation of the supply results of the subjects was used here to specifi-
cally describe their free-riding behaviour. A downward trend in the standard deviation
over 10 rounds indicated that free-riding behaviour was decreasing. As shown in Figure 3,
in the first category, the standard deviation of HF tended towards zero, revealing that HF
could reduce free-riding. In the second category, the standard deviations of NF2 and HF2
tended towards zero, indicating that NF2 and HF2 could prevent free-riding. In the third
category, the standard deviations of NF, HE, and F all tended towards zero, suggesting that
free-riding would be prevented by all three approaches. In the fourth, fifth, sixth, seventh,
and eighth categories, the standard deviations of HF and F tended towards zero, indicating
that HF and F could prevent free-riding behaviour.
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Figure 3. Free-riding behaviour analysis in 20 scenarios.

Figure 4 depicts the supply and free-riding in the tenth round in different categories.
In the first category, the supply of HF was the highest and the free-riding behaviour was
the lowest. The free-riding behaviour of NF was the highest, and the supply of F was the
lowest. Therefore, HF was superior to NF and F in the first category. In the second category,
the supply of NF was highest and the free-riding behaviour was the lowest. The supply of
HF was the higher. While the supply of F was the lowest, the free-riding behaviour was
the highest. Hence, in the second category, NF was superior to HF and F. In the third and
fourth categories, F had the highest supply and the least free-riding. Consequently, F was
superior to NF and HF in these categories. In the fifth category, HF had the highest supply,
but also exhibited the most serious free-riding behaviour. By contrast, F had the lowest
supply and the least amount of free-riding behaviour. In the sixth and seventh categories,
the supply of HF was greater than that of F, and the free-riding behaviour of HF was less
than that of F. In the eighth category, the supply of F was greater than that of HE, and the
free-riding behaviour of F was less than that of HF; that is, F was better than HF.
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Figure 4. The compare of supply and free-riding.
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3.2. Effects of Communication on Supply with Identical Information Feedback Approaches

We divided the experimental scenarios into pairs (Table 4) to explore the effect of
communication on the supply. Our analysis indicated that in most scenarios, the role of
communication is not significant. Communication significantly affected the supply only
in the HF1&HF2 and HF6&HF8 comparison groups. The means of HF1, HF2, HF6, and
HEF8 were 20.35, 13.35, 24.15, and 20.20, respectively. Specifically, in these two contrasting
groups, communication was found to reduce the supply. This may be because the methods
of information feedback influenced the role of communication.

Table 4. Mann-Whitney U test of communication.

Control Group p Value Control Group p Value Control Group p Value

NF1&NF2 0.570 HF5&HF7 0.677 F5&F7 0.405
NF3&NF4 0.705 HF6&HEFS 0.045 F6&F8 0.289
HF1&HF2 0.001 F1&F2 0.198
HF3&HF4 0.519 F3&F4 0.140

3.3. Effects of Return Rates on Supply with Identical Information Feedback Approaches

We grouped the 20 experimental scenarios into pairs based on the single-variable
principle (Table 5) to investigate the impact of return rates on the supply. It can be observed
that in the four control groups (HF1 and HF3, HE2 and HF4, F2 and F4, and F5 and F6), a
certain return rate significantly impacted supply. Among them, the means of HF1, HF3,
HEF2, and HF4 were 20.35, 16.2, 13.35, and 17.13, respectively. The means of F2, F4, F5, and
F6 were 13.73, 22.08, 22.33, and 14.43, respectively. This indicated that when communication
is not allowed, a certain return rate can reduce the supply. However, when communication
is allowed, a certain return rate can improve the supply.

Table 5. Mann-Whitney U test of return rate.

Control Group p Value Control Group p Value Control Group p Value

NF1&NF3 0.496 HF5&HF6 0.063 F5&F6 0.000
NF2&NF4 0.212 HF7&HF8 0.273 F7&F8 0.545
HF1&HF3 0.001 F1&F3 0.140
HF2&HF4 0.011 F2&F4 0.002

3.4. Effects of Reward or Punishment Mechanism on Supply with Identical Information
Feedback Approaches

We paired the 20 experimental scenarios based on the presence of the reward or
punishment mechanism (Table 6) and discussed their impact on the supply. As shown
in Table 6, reward or punishment mechanism significantly affected the supply in most
scenarios. In the scenarios with a reward or punishment mechanism (HF5, HF6, HF7,
HEFS8, F5, F6, F7, and F8), the average supply ranged from 14.43 to 24.15. In the scenarios
without a reward or punishment mechanism (HF1, HF2, HF3, HF4, F1, F2, F3, F4), the
average supply was between 13.35 and 22.08. The mean value for the scenarios with a
reward or punishment mechanism was higher than that in the scenarios without a reward
or punishment mechanism. This indicated that a reward or punishment mechanism can
significantly increase the supply. In other words, if the reward or punishment mechanism
and information feedback work together, the supply will be higher.

Table 6. Mann-Whitney U test of reward or punishment mechanism.

Control Group p Value Control Group p Value Control Group p Value

HF1&HF5 0.288 HF4&HF8 0.049 F3&F6 0.005
HF2&HF7 0.000 F1&F5 0.007 F4&F8 0.344
HF3&HF6 0.000 F2&F7 0.002
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3.5. Influential Factors on Next-Round Decision-Making

It can be seen from Figures 1 and 3 that in ten consecutive rounds of games, the supply
results always showed a significant increasing or decreasing trend, indicating that some
factors have a potential impact on the subsequent supply, that is, the influence on the next
round of decisions. We selected volunteer factors (EOR, SLR, and DSR), other volunteers’
factors (OMD, NOH, and ONR), and external factors (COD, SOA, SOP, and SPR). The
multiple regression linear model was used to quantitatively analyse these influential factors
in different scenarios (Figure 5).

| Fa F& Fa e F8 ok Fg l o G ¥ F8 F8 Fa
| HFe l HF8 . HF8 HF8 HF8 HFa HF8 HFa HFe |
h F7 | | E7 wa F7 FT ET F7 F7 |
HFT | w7 HF7 HF? ey HF? HF7 HF? = HFT HFT
6 | F& . F6 Fé F& e FB F8 FB B |
HFE | s | G HFE HFE HFg HFE HFg HFS |
F& | F5 l F& FS5 Wk F5 ok FS F5 Fs FS .
- HF5 HF5 HF5 HFS I HF5 | HF5 HF5 HF5 . HF5
‘ 4 4 [ F4 F4 Wk Fa4 " Fa F4 = Fa F4 F4
‘ HF4 | HF4 HFd HF4 HF4 HFd HF4 HF4 HF
NF4 NF4 NF4 NF4 NF4 NF4 [ NF4 NF4 NF&
F3 e B I = o Fa Fa F3 Fa F3 F3
HFs e | e | HF3 HF3 HFa HFa HF3 HF4 HF3
NF3 s s F3 NF3 NF3 NF3 NF3 NF3 NF3
| F2 F2 F2 F2 sk F2 =+ F2 F2 F2 F2
HF2 | HF2 ] HF2 l HF2 =+ HF2 HF2 HF2 HF2 HF2
NF2 * | NF2 B | NF2 MNF2 NF2 NF2 NF2 NF2
F1 F1 F1 F1 Fi = Fy Fi F1 F1
HF1 s | bEr (- HF1 HF1 HF1 HF1 HF1 HF1
NF4 | v HER NF1 NF1 NF1 WF1 NF1 NF1 =
‘20 Q QZU "W I-Z IU 32101 05 0 05 1 l3 -2 I—‘\ 0 ‘1 l2 0 IZ I-‘I 0 I‘I I—T Q “1 -1.5 I-‘\ -‘0.50 “15 05-04-020 0.2
EOR SLI DSER OMD NOH ONR oD S0A sor SPR

Figure 5. Factors affecting the supply of the next round of the game in different scenarios. *** p < 0.001;
**p <0.01; * p < 0.05. EOR is the estimated rate of return. SLR is the revenue of volunteers in the last
round. DSR is the relationship between the volunteer’s supply and revenue (positive relationship = 1;
negative relationship = 0). OMD refers to the lowest supply in the last round. NOH refers to
the number of other volunteers whose supply exceeded their own supply. ONR is the revenue
of other volunteers. COD refers to supply after communication. SOA is the reward received by
volunteers. SOP denotes the punishment received by volunteers. SPR is the revenue after reward
and punishment.

As shown in Figure 5, in the case of no information feedback, the main factors that
affected the supply decision of next round were EOR and DSR. In the case of half feedback
and full feedback, foresters not only referred to their own factors when making decisions,
but also considered the behaviour of other foresters. In other words, they adjusted their
supply behaviour according to the information feedback of others.

Figure 5 revealed that the supply trend of the sixth and eighth categories was upward,
so we focus here on discussing the influencing factors of these two categories. In HF6, the
factors affecting the supply were OMD and NOH. In F6, NOH adversely affected supply,
whereas ONR had a positive impact. In HF8, COD positively affected the supply, but NOH
had a negative effect. In F8, COD, OMD, and NOH had adverse effects on the supply,
whereas NOH positively affected the supply.

In summary, in the case of no feedback or half-information feedback, the factors
influencing the decision-making behaviour of foresters were the estimated rate of return,
the revenue in the last round, and the relationship between revenue and supply in the last
round. When there was full information feedback, the main factors influencing foresters’
decision-making behaviour were the supply and revenues of other foresters.
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4. Discussion and Conclusions

Forestry infrastructure is fundamental to healthy and sustainable forests; however, the
demand for forestry infrastructure exceeds the supply. In China, the government can adjust
the supply behaviour of foresters by regulating information feedback methods. To explore
how to use information feedback to improve the supply, three information feedback modes
were considered in this study: full feedback (F), half feedback (HF), and no feedback (NF).
Subsequently, 20 scenarios were designed in an experimental economics game simulation
following experimental economic protocols. The conclusions of this study are as follows:

(1) The scenario with the highest supply was under the condition when half feedback was
provided along with a certain return rate, with a reward or punishment mechanism,
and no communication among foresters before supplying (HF6: HF x U x P x NC).
This is because in scenario NF, there is no reward or punishment mechanism, and
so the free riding-behaviour cannot be punished and effectively reduced, which is
not conducive to improving the supply. In scenario F, foresters can visually observe
how much revenue free-riding will fetch them by observing the relationship between
the supply and revenue of the other members, which will exacerbate free-riding
behaviour and be detrimental to increasing the supply. In scenario HF, on the one
hand, reward or punishment mechanisms can be implemented, and on the other hand,
due to only disclosing the supply, foresters cannot visually observe the revenues
gained from free-riding, which can reduce some free-riding behaviour and improve
the supply.

(2) The information feedback approaches will have different influences on the supply
of forestry infrastructure in different scenarios. More disclosure does not always
lead to an improvement in the supply. Surprisingly, not disclosing information
(NF) can improve the supply of foresters in certain scenarios; for example, when
there is an uncertain return rate of forestry infrastructure, no reward or punishment
mechanism, and communication is present. Similarly, in scenarios involving a reward
or punishment mechanism and effective communication, HF can lead to a higher
supply. However, governments must disclose both the supply and revenues (F) in the
scenarios including a certain return rate and no reward or punishment mechanism or
in scenarios including an uncertain return rate, a reward or punishment mechanism,
and no communication.

(3) In China, governments should regulate information feedback methods by establishing
a reward and punishment system that can improve the supply.

(4) The relationship between the supply and revenue (DSR), the lowest supply of other
volunteers in the last round (OMD), and the revenue after rewards or punishments
(SPR) were found to be the most influential factors for decision-making behaviour.

The information feedback approach is a major factor that impacts the supply of quasi-
public forestry infrastructure. Therefore, governments should adopt efficient information
feedback methods to boost the supply. For one thing, appropriate information feedback
methods should be selected for different scenarios. When there is no reward or punishment
mechanism, an uncertain return rate, and no communication, it is recommended to use an
NF system. When there is a reward or punishment mechanism, it is recommended to use
an HF system. When there is no reward or punishment mechanism and the return rate
is certain, it is recommended to use an F system. For another, a reward or punishment
mechanism can effectively reduce free-riding behaviour and improve the supply, and the
combination of the reward or punishment mechanism and information feedback methods
can improve the supply more effectively. Therefore, the reward or punishment mechanism
should be better designed. Specifically, foresters engaged in free-riding behaviour should
be punished, whereas those who are not should be rewarded.

Some studies have suggested that information feedback can enhance the supply [15].
In our experimental scenarios, most results supported the idea that HF or F can improve
the supply, which aligns with existing research. Additionally, a few scenarios showed
that NF could increase the supply, which differed from previous research [31]. This was
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mainly because the experiments in this study considered other factors besides information
feedback methods, including whether the forester can communicate, whether there is a
reward or punishment mechanism, and whether there is a certain return rate from forestry
infrastructure. After considering these variables comprehensively, the effects of different
information feedback approaches on the supply were found to differ.

This study has several limitations. First, when designing the scenarios in this study,
four sets of variables were mainly considered, but other variables may affect foresters’
supply behaviours, such as the strength of the rewards or punishments. In future research,
this should receive more attention. Second, in the design of the experimental scenarios,
there was no fund threshold [32], which means that the facility could be built when the
funds raised reached a certain amount. Otherwise, the facility cannot be built, and the
invested funds cannot be refunded. One of the principles of threshold public goods is that
the threshold is higher than the initial funds of any individual, which is applicable to higher
cost public goods. The forestry infrastructure discussed in this study is a comprehensive
concept, which includes both lower-cost streetlamps, rest benches, etc., as well as higher
cost facilities, such as roads and bridges. If thresholds are set generally, the results may
not represent reality. In future research, we plan to refer to the concept of threshold public
goods to subdivide forestry infrastructure into threshold public goods and general public
goods based on the cost to obtain a more comprehensive understanding of the supply of
forestry infrastructure.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/£14071422 /s1. Experimental instructions and z-Tree software packages.
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