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Abstract

Should the forest be privatized or owned by the government? This is an
important policy question given the fact that deforestation has become a global
concern, especially in developing countries where a substantial amount of forests
are government owned or open access. In the context of China�s forest transi-
tion,we analyze this issue by setting up a regulatory game in which the gov-
ernment has the option to choose some proportion of the land to privatize or
own and contract out to management teams. The results show that it is rational
for the government to take the relative importance of environmental bene�ts and
resource rents, and the ability to manage the forest into consideration when mak-
ing the decision of tenure reform or incentive contract approach. We �nd that
with the possibility to share the economic rent from the logging activity under
the state owned regime, the bureau as the regulator would have less incentive to
decentralize the public forest land and more incline to capture the larger share of
resource rent when the resource rent increases. The rent capturing and environ-
mental concern hypothesis of the decision to choose tenure reform or incentive
contract approach are con�rmed from the data in Chinese forest sector.
JEL: Q15 ;Q28;P21.
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1. Introduction

Starting from 1978, China began the reform of its economic system from
centralized and planned economy to the decentralized and market economy.
Along the two decades economic transition, the management regime in the forest
sector also experienced a remarkable change. The pre-reform forest management
system relied on command and control to implement the central government�s
forest sector plan and did not rely on prices to create incentives for producers to
allocate products e¢ ciently. The reform initiated liberalizing the timber market
and allocating the use right to the household. Even though, in some areas,
especially southern area in China, more than half of forest lands have been
allocated to rural households, there are substantial forest lands still owned by
the government at various levels.The ongoing policy debate among politicians
concerns whether the government should own the forest land or not. If the
answer is yes, under what conditions and how much should they own?

The answer to the question above might be trivial to some people given
the fact that privatization has become a key part of economic policy in many
countries. The last two decades witnessed the great wave of privatizing the
public sectors. Since its introduction by Britain�s Thatcher government in the
early 1980s, privatization now appears to be accepted as a legitimate tool of
statecraft by governments around the world. The privatized sectors range from
competitive industry sectors to the so called strategic sectors such as steel and
defence industries. The government owned forests experienced a rapid defor-
estation in the last two decades.It has been claimed for a long time that the
insecurity of land right contributes to the deforestation process. Based on the
stylized fact and existing experience, it would be easy to conclude that to pri-
vatize forestlands is the better alternative than the government ownership.

However, privatizing forest lands is not the only policy tool available to the
government, the incentive contract approach has also been prevail in manag-
ing forest lands for quite a long time.The most common form of the incentive
contract approach is the forest concession policy. Under this policy, the forest
owner, mostly the government designs a contract with the other party where
the later has a permit to harvest the timber and/ or manage the forest resource
from a speci�ed area in a given period. The forest utilization and forest man-
agement services contract has been found in many countries. For example, in
Gabon, logging concessions cover 11.9 ha, and 56 percent of the forest area in
the country; in Cameroon, it account for 76 percent of the forest area and in
Indonesia, the active concessions in 1998 covered 52.3 million ha and account
for 56 percent of the total harvest of wood(Gray,2000).

It is not clear, to economists which of these two arrangements, i.e incentive
contracts and ownership is more relevant.The importance of property rights to
improve economic e¢ ciency is highly emphasized in the modern economic theory
(Coase, 1937;Williamson, 1985; Grossman and Hart, 1986; and Hart and Moore,
1990). On the other hand, Bardhan and Roemer (1992) claim that contracts
can provide su¢ cient incentives for socialist �rms to become as e¢ cient as their
capitalist counterparts. From the experience in managing socialist state-owned
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enterprises (SOEs), Bardhan and Roemer (1992, p. 102) argue that �...(as far
as) the key incentive and agency problems in the management of a public �rm
have to be addressed; we claim that privatization is not the only or even a better
way of handling those problems.�
The issue is even more complicated for the forest has public goods properties

and provides substantial ecological services. Forests contain over half of the
world�s species, sequestrate a large amount of carbon and play an important role
in soil conservation, the clearing of these forests would have a signi�cant impact
on the earth�s genetic diversity, climate change and agricultural productivity. In
China, a lot of government owned forests are located at the upriver of Yangtze,
Yellow and other important River, which are environmentally vulnerable and
important. One of the main arguments from the supporter for government
ownership of forests is the importance of environmental services.
The economic literature on deforestation is lacking systematic investigation

whether the government should contract out or privatize the land and by how
much. The recently growing literature seems more focus on the topic of tenure
security, and fairly extensive (Kaimowitz and Angelsen 1999). Mendelsohn
(1994) develops partial equilibrium models suggesting that insecure ownership
will lead to land use decisions that reduce forest cover. Deacon (1994) examines
evidence on deforestation and the rule of law, he further gave a strong theoretical
link between resource use and property rights(Bonning and Deacon,2002). Al-
ston, Libecap, and Schneider (1996) show that adjudicated land claims enhance
incentives for agricultural investments in Brazil and caused deforestation.

China provides an interesting case study. The increase of income creates
the demand for environmental services from forest. The government responds
with their struggling for the balance between the government ownership and
decentralized management. In this paper we document the main process of
China�s forest transition and develop a multi-task principle-agent model to an-
alyze this issue. We investigate an economy where the government can use both
the incentive contract and tenure reform as policy tools to manage the forest
resource. We �nd that the ability of private agents to manage forest lands and
relative importance between environmental bene�ts and economic rents of the
forest a¤ect the decision of the government. In particular, for the land of which
the environmental bene�t is higher, it is rational for the government to impose
the logging ban, and it doesn�t matter for the government to choose how large
the share of the rent. However, if resource rents dominate the environmental
bene�t, the government will set the share of the rent based on the proportion of
the land privatized and the relative importance between environment bene�ts
and economic rents. Speci�cally, with less public forest lands or the more impor-
tant environmental bene�t, the government will consider taking more economic
rent and give management team lower share of total pro�ts. In both cases,
the subsidy to the private agent for their preserving e¤ort will depend on the
environmental relevance of the forest and their capability to monitor the forest
preservation e¤ort.

The crucial decision for the government is to choose whether they should
privatize some speci�c land. The analytical results reveal that for the land with
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di¤erent environmental bene�ts and economic pro�tabilities, it would be more
bene�cial for the government to privatize the land with less environmental ben-
e�ts or resource rents. If the rent from the timber or the environmental bene�t
is low enough, the government would privatize the land. As it becomes easier to
monitor the management team, the government is less opt to decentralization.
The empirical part of this paper links the theoretical conclusion with the

data from China. Using the price of timber as the proxy for resource rents
and the variable whether the forest is located in the environmental vulnerable
area as the measurement of environmental bene�ts, we investigate the impact of
resource rents and environmental importance on the process of tenure reform.
The empirical results show that the incentive for the government to allocate
forest lands to rural households will decrease if the resource rent from the land
is high or the environmental bene�t is important.

Section 2 gives a brief survey about the process of transition of forest
management regime in China. In section 3, we develop a model in which the
economy is endowed with some forest lands and the government faces the deci-
sion whether they should privatize the land. In Section 4, the main proposition
and corollary about how the ability to manage the forest land, the environmen-
tal bene�t and the economic rent will a¤ect the structure of incentive contract
and the decision of the tenure reform are established; the choice between the
incentive contract and the tenure reform is also discussed in the subsequent part
of this section. The empirical evidence is documented in section 5. The last
section concludes.

2. Institutional Changes in Chinese Forest

The changes in Chinese forest sector started in the middle of 1980. Before
the reform, the harvesting and non-harvesting activities such as replanting were
completely on the basis of the plan. The goal of timber producers was to meet
the production target. They couldn�t sell the timber in the market, wasted a lot
of residues and had little incentive to protect the forest in terms of harvesting
operation methods. The a¤orestation and replanting goals weren�t successful
neither even though the government put enormous e¤orts. The original intention
of the government to reform the existing regime is to promote more e¢ cient use
of forest resources and improve the incentives in a¤orestation and replanting.
Three policies are especially worth discussion along the process: the timber
market liberalization, land tenure reform and state owned forest farms reform.

2.1. Timber Market and Price Reform
At the beginning of the reform, the market was under the �rmly control of the

government. The government prohibited the entry of new buyers and procured
the speci�ed amount of timber from the forest farm at a price set by them, and
allocate the timber to state owned timber processing �rms according to their
quota. The tight �nancial constrain and the lack of incentive made the system
very ine¢ cient. As the marketization and decentralization in China�s economy
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proceeds, it became more and more costly for the government to maintain the
uniform procurement and selling system, and the system began to collapse.
To increase the incentive to supply timber and promote the e¢ cient use of

forest resources, in 1985 the government opened the free market and allowed
the participation of existing forest farms and timber processing �rms after ful-
�lling their mandated targets. In order to enhance the market to work, the
government even coordinated the transaction of timber by organizing the meet-
ing and inviting suppliers and demanders. The new dual track system for the
timber changed the market structure, and the incentive of existing participants
substantially. The timber price in the free market started to increase and in
most cases, the timber price in the free market was higher than the quota price
set by the government. The arbitrage opportunity encouraged the entry into
the market and made the market very active. The farmer with their own forest
lands could respond to price and adjust their logging behavior according their
expectation about the timber price in the market. The possibility to sell the
above quota timber in the free market created the incentive to save the residue
from the logging and made the e¢ cient farm produce more timber.

2.2. Forest Land Tenure Reform
The delegation of the user right from the government to local farmers was

largely encouraged by the great success of household responsibility system in
agriculture sector, and triggered by land tenure disputes among local govern-
ments and farmers. The decollectization of Chinese rural communes and adop-
tion of household responsibility system was a remarkable reform in rural sector.
It created the incentive for rural households and enabled the growth of output
by 7.7 percent in the early eighties(Lin, 1994). The agricultural reform made
people express serious doubts about the legitimacy of communes under the old
ideology, and enabled reformists in the government to gain larger support. It
became straightforward for reformists to adopt similar approach in the forest
sector.
Land tenure disputes among local people triggered the process of decollec-

tization and accelerated the adoption of forest household responsibility system.
Before the reform, the regional authorities thought the household operation were
too small to support long-run forest development activities and denied house-
holds rights to forest land. The fact that the state had very strong power enabled
the entrenchment of the state forest. These two con�icts were caused by the old
regime where there were no clear de�nition and enforcement of property rights.
The con�ict was so serious that in some cases, the participant even engaged in a
large scale of �ghting and they had to resort to the central government to resolve
the disputes. The central government made their decision to solve the problem
by initializing a profound reform with its aim to solve the disputes and de�ne
the ownership. In order to achieve the goal, the central government de�ned the
property right of unsettled forest land along the boundary of di¤erent regions,
allocated some of the land within regions to farmers as self keeping plots, and
contracted the use right of some of the land to farmers, which was the famous
�three con�rmation�policy in Chinese forest sector.

5



The �three con�rmation� policy was implemented at the beginning of the
reform period in the managed forest area, mainly in southern and northern
China. In southern China, the government promised that whoever planted the
tree in their contracted land would own the property right of the tree for at
least 50 years, the farmer also could transfer or sell the use right of forest land
under the permission of existing rules. In the middle of 1980, the total amount
of land accounted to 69 percent of the total forest land in Southern China. In
the northern China, there were very few natural forests, but some ecological
trees planted by the government to protect the environment. The government
allocated the land to farmers. Whoever owned the land also had the access to
the tree. they could transfer the right by selling the land.

2.3. State Owned Forest Reform
Historically the forest resource is environmentally and economically impor-

tant in Northeastern and Southeastern China, where the forest resource accounts
to 53.4 percent of total area in China. Before the reform, these forest were under
the control of government and the management of these forest is delegated to
state owned forest farms. These farms are better named bureaucracies rather
than companies. Their objective was to meet the government�s production, af-
forestation and other protection targets, not to pursue economic pro�ts and
environmental sustainability.
Contrasting to de�ning property rights and adopting household responsi-

bility forest management system in northern and southern China, the reform
strategy of the government is to delegate the management to state owned for-
est farms, to reconstruct and strengthen the incentive to the state owned forest
farms(China Forest Yearbook, 1949-1986). In order to foster their incentive and
enhance the cost-bene�t perception of the farms, the government changes the
accounting system and charges the farms for their usage of the capital invested
by the government. The government also decentralized the decision and gave
more autonomous decision rights to the management team, who was allowed
to harvest and sell timber in the free market and could retain some share of
pro�ts to invest or increase the welfare of workers. These changes gave much
stronger incentive for the management team to save the cost and harvest e¢ -
ciently. However, they do not provide any incentive for the �rm to protect the
forest and manage the forest in a sustainable way. To make sure the manager
will make e¤orts in replantation, the subsidy from the government to the farms
for their preservation e¤ort and replanting activities is a very common practice
in the regulation scheme.

3. The model

In the model, we consider an economy, where there are some forest land, the
government and the private agent. To simplify the notation, the amount of land
is normalized to one unit. The land could be owned either by the government or
the private agent.It could also be the case that parts of the forest land is owned

6



by the government and the rest is owned by the private. The ownership status
of the land is represented as �, where � 2 [0; 1]. � = 1 means that the land is
privatized, while � = 0 implies that the government owns the land. The real
value between 0 and 1 can be understood as the probability of the government
to privatize a speci�c piece of public forest land, or as the proportion of the
total public forest land in the country that is privatized.
The prevailing institutional arrangement and ownership structure to the forest
land identify a set of boundaries within which all economic activity takes place.
If the government owns the forest land, the important institutional structure
for timber operations are contracts between the government and the industrial
�rms, or the concessionaires, that log and process the timber resource where in
China�s context, the concessionaires are state owned forest farms. The other
important institutional structure for smallholder management and use of the
forest resource is the smallholder�s resource tenure. Tenure may be established
for land with trees or for the trees themselves. It may be held singly by individ-
ual persons, or communally in accordance with specialized set of local rules or
customs. We are interested in forest household responsibility system in which
the use right of forest land is owned by the household for a very long time with
the possibility to transfer.
To model the economy, we have to capture the key feature of the institu-

tional arrangement and ignore other aspects. If the forest land is owned by the
government, the government can�t manage the land by themselves and has to
contract out them to the private agent. In such a regime, it is assumed here
that they share the rent from the logging activity and subsidize the manage-
ment team for their e¤ort in preserving the forest. All these objectives can be
approached by designing a contract specifying the proportion of the rent shared
with the management team and providing the incentive for the management
team to plant the forest. The government can also choose to privatize the land.
Once the forest land is privatized, they give up their right to claim the rent
from the logging and the rent from the logging activity will be kept solely by
the private agent. The representative private agent with some their own land
and the land from the government ful�lls their task in the �re controlling, pro�t
mandate and a¤orestation.

3.1. The government
The payo¤structure of the government under the two regimes shares similar

characteristics and also di¤ers from each other. The government cares about
both the economic bene�t from logging and the environmental service from the
standing forest. Under the contracting system, the government receives the
shared pro�t from the management team, and subsidizes the a¤orestation of
state owned enterprises. However, they receive no pro�t from the privatized
land and give no subsidy once they allocate the land to the private agent.

Under the contract out regime, the government to manage the forest re�ects
the dual objectives of the forest bureau to obtain economic pro�ts from logging
while at the same time to preserve the forests so as to generate long-term eco-
nomic and ecological bene�ts. To simplify our analysis, the payo¤ under the
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linear incentive scheme between the government and the management team is

(1� �)� + (�� �)(Vt � Vt�1)� �0 (1)

, where � is the economic rent from logging; �0 is a �xed payment to state
forest farms to ensure their subsistence; � is the share of pro�t allocated to the
agent, i.e the management team; � is the incentive provided by the government
as the forest regulator to the state forest enterprise for its sustainable operation
which can be understood either as the reward to forest farms for its preservation
e¤orts, or the penalty for under-providing preservation e¤orts; Vt � Vt�1 is the
increase of the volume of standing timber; and � is the parameter transforming
the standing forest into environmental and ecological bene�ts measured in the
monetary metric equivalent. The pro�t is obtained directly from selling the
logged timber, which is p � x, where x is the amount of timber logged and p is
the resource rent, or stumpage value per unit of timber, equal to the di¤erence
between the price and the extraction and delivery costs for the logs. The increase
of forest volume measuring assets and environmental services value Vt � Vt�1,
which can be described as2

Vt � Vt�1 = �Vt�1 � x+ e (2)

where the logging x will decrease the volume and value of forest; the forest in
the last period will increase the stock in the current period; � is the growth
rate of the standing forest, which describes the growth pattern of the forest;
the preservation e¤ort and a¤orestation activity e will increase the stock of the
forest. Under the privatized regime, the government is assumed to receive no
monetary revenue from and give no subsidy to the private agent. However, the
logging activity by the private agent will contribute to the loss of the environ-
mental bene�ts, which is � � x.
The last part of the cost comes from the information rent or the agency cost

caused by the information asymmetry. It is costly for the government to observe
and verify the amount of the rent the private agent gets from the logging and
the e¤ort they put in preserving the forest. It is assumed here that the cost
to observe the �re is trivial since it is very hard for the private agent to claim
there is no �re once the �re outbreaks. The cost of observing the a¤orestation
activity is increasing with the size of the public forestland since it�s found that
with the larger size of the concession, it is more di¢ cult for the government to
supervise. For our analytical simplicity, we assume the total agency cost for
observing newly planted trees is �(1 � �);where � measures the capability of
the government to audit the concession operation in plantation. The agency
cost of observing the resource rent, or the cost for the government to monitor
the amount of timber logged in the economy is assumed to be M(x; t), where
t measures the monitoring technology. The di¢ culty of observing the logging

2The function form assumes that the forest grows at an exponential rate, which is not a
necessary condition for the following conclusion. If it is assumed here that the forest grows
at a logistic way, the conclusion still holds. In order to simplify the notation, we stick to the
exponential rate here.
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activity is increasing with the amount of timber and decreasing with the better
monitoring technology. We assume M

0

x(x; t) > 0, M
0

t (x; t) < 0, M
00

xx(x; t) > 0
and M

00

xt(x; t) < 0:
Considering the bene�ts and costs from both the contracted out land and

the privatized land, the total payo¤ of the government can be written as

a(1� �)[px+ �(�Vt�1 � x+ e)] + a � � � � � (�x)� �(1� �)�M(x; t)� �0
� a(1� �)[� � px+ �(�Vt�1 � x+ e)] + �U (3)

where a is the probability of bad states, such as the �re or insect outbreak; � is
the weight of the representative agent�s utility in the social welfare function and
U is their utility. It is assumed that � 2 [0; 1) due to the dead weight loss of
the transfer and because of the government�s preference for their direct payo¤.

3.2. The private agent
In the economy, there is one representative agent, or a group of people, who

can act as the private people managing the privatized land or the management
team. The amount of land leased by the government to them is 1� �, while the
amount of the private owned land is �.
The revenue for the representative agent contains two parts either from the con-
tracted land or from their own land. Without any other risk, the management
team will receive the shared pro�t and the subsidy from the government under
the contracting regime, which is

(1� �)[� � px+ �(�Vt�1 � x+ e)]: (4)

However, as widely known, the risk of extreme event,such as �re or insect out-
break is especially important in the management of forest resource. The out-
break of �re or insect will destroy the forest and it will take substantial time for
the forest to regenerate. In some countries, the management team will be heav-
ily punished in case of �re or insect break. The people managing the forest has
to put substantial e¤ort in preventing the forest from the outbreak of extreme
event. It is reasonable to claim that the more e¤ort is put in the preservation,the
less probable the extreme event will break out. To catch the economic idea and
simplify the analysis, we assume the probability of outbreak is a linear function
of e¤ort in preserving the forest which can be expressed as following

P (extreme event) = 1� a ; (5)

where a is the e¤ort in �re control, and a 2 [0; 1]. If the �re outbreaks, the
manager gets nothing. So the expected monetary revenue for the contracted
out land is

a(1� �)[� � px+ �(�Vt�1 � x+ e)] : (6)

However the expected revenue from the private land is assumed to depend only
on selling timber, which is a � � � px :
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Apart from the monetary payment from the action taken by the
agent, they also su¤er the disutility from the e¤ort. To measure these e¤ects,
we take the conventional approach, and use 1

2cee
2 and 1

2caa
2 to represent the

monetary measured disutility from the e¤ort in a¤orestation and �re controlling
respectively, where ce and ca measures the ability or skill levels of the agent in
a¤orestation and preservation. For example, the manager with more experience
in �re control has lower cost implementing the same task, the manager with
more human capital or knowledge in a¤orestation has low cost planting the
same seedlings. More speci�cally, the less ce and ca, the more able they are
in a¤orestation and controlling �re. So, the overall objective function of the
representative private agent can be written as

U = �0 + a(1� �)[� � px+ �(�Vt�1 � x+ e)]�
1

2
cee

2 � 1
2
caa

2 + � � a � px (7)

where �0 is the �xed payment to the private agent to assure their participation
in the contract, or the survival due to the limited liability3 :

Under the condition when the government can�t observe the amount of e¤ort
in a¤orestation and �re control put by the private agent, the private agent can
always choose the e¤ort to maximize their utility. First order conditions for the
agent are then

(1� �)[� � px+ �(�Vt�1 � x+ e)] + � � px� caa = 0 , (8)

and

a(1� �)� � cee = 0 . (9)

The economic intuition for the �rst order condition is straightforward. The
�rst equation indicates that the representative agent will increase e¤orts in
preserving forest until the marginal bene�t contributed by the decrease of the
likelihood of extreme event including the bene�t from the contracted land (1�
�) [� � px+ �(�Vt�1 � x+ e)] and the bene�t from the private land � �px , equals
the marginal disutility caa. At the mean time, the representative agent will
choose the amount of e¤ort in a¤orestation at the margin where the expected
marginal subsidy from a¤orestation activity a(1� �)� equals the marginal disu-
tility from the e¤ort cee.

4. The structure of incentive contract and the choice of tenure
reform

As discussed above, the programming problem for the government, as the
regulator is to choose the proportion of land to privatize, allocate the logging

3Since the bene�t and cost of private owned forest land only contains harvest and �re
control decisions, we do not model the a¤orestation decision of private agent, which is believed
to be very important in the long run (Hyde, Amacher, and Magrath, 1996).
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quota and design the structure of incentive contract to maximize their payo¤,
which is the weighted average of the welfare of the representative agent and
the direct welfare of the government including the economic, and environmental
bene�ts, the agency cost, the expense paid to the private agent.

a(1� �)[px+ �(�Vt�1 � x+ e)] + a�� � (�x)�M(x; t)� �(1� �)
��0 � a(1� �)[� � px+ �(�Vt�1 � x+ e)] + �U (10)

However, the contract designed by the government has to ensure the private
agent�s survival or participation in the game, otherwise they would quit from
the contract and �nd some other opportunities, that implies the programming
as to ful�ll the following individual rationality constraint,

U = �0+a(1��)[� �px+�(�Vt�1�x+e)]�
1

2
cee

2� 1
2
caa

2+� �a �px � 0 (11)

The unobservability of the actions taken by the private agent due to the
information asymmetry implies the decision of the government facing the con-
strain (8) and (9).

Lemma 1, The individual rationality constrain (11) has to be binding for
the programming problem of the government.
Proof:
Suppose that the constrain (11) is not binding under the optimal con-

tract choosen by the government. By designing a new contract with less �x
payment �

0

0 and the same subsidy � and sharing scheme �, where �
0

0 is such
that the constrain (11) still holds, the government can increase its payo¤ by
(1� �)(�00 ��0), that is contradictory to the assumption that the original con-
tract is optimal.QED

From Lemma 1, after Substituting for � and �;and rearranging the equation,
the problem is equivalent to the following decision problem,

Max(a;x;�;e)
(y; �) = a(1� �)[px+ �(�Vt�1 � x+ e)] + a � � � x � (p� �)

��(1� �)�M(x; t)� 1
2
cee

2 � 1
2
caa

2 (12)

Assuming interior solution, the �rst order conditions for the programming
problem above are,
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@


@a
= (1� �)[px+ �(�Vt�1 � x+ e)] + �x(p� �)� caa = 0 (13)

@


@x
= a(1� �)(p� �) + a�(p� �)�M

0

x(x; t) = 0 (14)

@


@e
= (1� �)a�� cee = 0 (15)

@


@�
= �a(px+ �(�Vt�1 � x+ e)) + ax(p� �) + � = 0 (16)

Lemma 2: If p � �, then x� = 0.
Proof:
Since

@


@x
= a(p� �)�M

0

x(x; t)

, if p � �, 
 must be a decreasing function of x. From the assumption that x
belongs to [0;1), we have that the optimum point located at x� = 0.
Lemma 1 says that if the total economic bene�ts from the timber can�t compen-
sate the environmental and ecological loss from the logging, it would be better
to stop logging from the government point view.

Proposition 1: 
 is a supermodular function in (a; x;��; e) on the domain
where p > �; if p � � , 
 is a supermodular function in (a;��; e) at x� = 0 .

Proof:
From the theorem 6 in Milgrom and Shannon(1994), we can conclude that if for
the twice di¤erentiable function 
(y; �),



00

yiyj � 0

for any i 6= j, then 
(y; �) is a supermodular function in y. So, what we need
is to check the cross derivatives of 
 over y. If p � �, from lemma 1, we have
x� = 0, so in this case, we only have to check the cross derivatives of 
 with
respect to (a;��; e). The con�rmation of the nonnegative sign of the cross
derivatives when p � � and p > � can be found in the appendix I.QED
The supermodular function has some nice properties in generating compar-

ative statics results, which are very important in the empirical part for testing
the hypothesis. The comparative statics results are summarized in the next
proposition.

Proposition 2: (a; x;��; e) are monotone nondecreasing in the parameters
(p;�ce;�ca; t;��; �; Vt�1) if p > �; and (a;��; e) are monotone nondecreasing
in the parameters (p;�ce;�ca; �; t;��; �; Vt�1) given p � �.
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Proof:
According to the theorem 6.1 from Topkis(1978) or the theorem 5 from

Milgrom and Shannon(1994), it follows that if 
(y; �) is a supermodular function
in y and has nondecreasing di¤erence in the variables (y; �), then

argmaxy2Y 
(y; �)

is monotone nondecreasing with respect to � . Since the nondecreasing di¤erence
in (y; �) is equivalent to 


00

yi�j � 0 for i = 1; � � � ; n; j = 1; � � � ;m for the twice

di¤erentiable function, we only need to prove the nonnegative sign of 

00

yi�j .
From lemma 1 if p � �, x� = 0; we only need to consider the case when
y = (a;��; e). The rest of the proof is left in the Appendix II. QED
To discuss the intuition behind this proposition, suppose resource rents in-

crease and let�s check its e¤ect on the decision of the government and the agent.
The agent�s incentive to control �re will increase due to the immediate increase
of marginal bene�ts following the rise of resource rents. The agent can take
two actions in response to the increase of resource rents: to exert less e¤orts in
a¤orestation so that the subsidy from environmental bene�ts will be reduced
and subsequently the marginal bene�t will decrease, or to put more e¤ort in
controlling �re so that the marginal cost of controlling �re will increase. Since
to reduce the e¤ort in a¤orestation is not in the interest of the agent, he will
choose to exert more e¤orts in controlling �re to increase his utility4 . How would
the government adjust their policy parameters? As the e¤ort in a¤orestation
and �re control increases, it becomes less preferable for the government to allo-
cate more land to the agent since the marginal revenue from privatizing public
forest lands is negative now. They will hold larger proportion of forest lands to
compensate the e¤ect of the price increase on the e¤ort in a¤orestation and �re
control.
The e¤ect of environmental importance of forests on the decision to log

timber, to plant forests and to privatize is slightly di¤erent. When the environ-
mental bene�t is higher than the resource rent, the amount of timber harvest
will be set to be zero. In this case, the marginal revenue to allocate the land to
private agents will be less than zero as the environmental bene�t increases, that
creates the incentive to reduce the amount of private forest lands. The mar-
ginal bene�t of a¤orestation will become larger than its marginal cost with less
private lands and larger environmental bene�ts, in respond to that the private
agent could either reduce their e¤ort in controlling �re or increase their e¤ort
in a¤orestation. However, it is not a rational response to reduce their e¤ort in
controlling �re since such a response will create positive margin to control �re5 .

4To see why this is true, we can substitute the e¤ort in a¤orestation,e in equation (9) into
equation (8) and cancel out e, that leads to the following equation (1� �)[� � px+ �(�Vt�1 �
x)] + � � px� [cace � (1� �)2�2]a=ce = 0: From the second order condition to maximize (7),
we conclude that cace � (1� �)2�2 > 0; so the e¤ort in controlling �re, a will increase. From
equation (9), obviously e must also increase simultaneously and it is not in the interest of the
agent to reduce the e¤ort in a¤orestation.

5Since (1��)� will increase following the rise of environmental bene�ts, if the private agent
reduce the e¤ort in �re control, a the marginal revenue to control �re, (1� �)��Vt�1� [cace�
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When the resource rent is higher, the incentive to own more public forest lands
by the government and allocate larger logging quota will increase and it is not
in the interest of the government any more to impose logging ban. However,
the e¤ect on the e¤ort in a¤orestation and �re control is ambiguous since we
can�t tell whether the marginal bene�t to control �re increases or not. If the
amount of timber logged is small or the forest stock increase is large so that the
marginal bene�t will rise, then both the e¤ort in �re control and a¤orestation
will increase. If on the other hand, a large amount of timber is harvested and
the forest grows very slow, then the private agent will reduce their e¤ort in �re
control and a¤orestation.

Proposition 3: � = � and if p > �;then 1� � = ��
p(1��) .

Proof:
From the incentive compatible conditions, we have

a(1� �)� � cee = 0 (17)

. The optimization problem for the government implies one of the necessary
conditions,

@


@e
= (1� �)a�� cee = 0 (18)

. From the two equations, it immediately follows (1 � �)a� = (1 � �)a�. The
�rst order condition for incentive compatible contracts implies

(1� �)[� � px+ �(�Vt�1 � x+ e)] + � � px� caa = 0 (19)

. Check the necessary condition for the optimization problem of the regula-
tor, we can get

(1� �)[px+ �(�Vt�1 � x+ e)] + �x(p� �)� caa = 0: (20)

The two equations imply

(1� �)[(1� �)px+ (�� �)(�Vt�1 � x+ e)] = ��x: (21)

The left hand side of the equation is the marginal expected bene�t of �re control
from the government owned land, while � � � � x is the marginal gain of �re
control from the privatized land. The equation says that the implanted e¤ort
in controlling �re has to equalize the marginal expected bene�t from the land
owned by the government and the marginal gain from the privatized land. Given
that x 6= 0, it follows that p(1 � �)(1 � �) = ��. From Lemma1, the su¢ cient
condition for x 6= 0 is that p > �.QED
Proposition 3 determines how the subsidy for the a¤orestation e¤ort should

be set for the government owned forest. The agent will increase their e¤ort until

(1� �)2�2]a=ce will become positive, which means that reducing e¤ort in �re control will not
be rational since the utility will decrease.
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her marginal cost equals the marginal bene�t which is the subsidy she gets.If
the subsidy is set higher than environmental bene�ts, the agent will exert more
e¤ort in a¤orestation. Since it is costly for the regulator to compensate the
agent for its e¤ort and he will choose the most preferred e¤ort which equalize
its marginal bene�ts (1 � �)a� with its marginal cost cee. It would bene�cial
for the regulator to reduce the subsidy and induce less e¤ort in a¤orestation.
How large should the share of resource rents be kept by the government?

Since the contract was set such that the the marginal bene�t of controlling
�re including the shared resource rent from sold timber and subsidy from the
government from the public forest and the pro�t from logging from the private
forest for the representative private agent equals the social bene�t of controlling
�re wick is total resource rent minus the bene�t from environmental services.
Given that the subsidy to the preservation is set to marginal social bene�ts of
preservation e¤orts, the share of resource rent have to be set such that the loss
of environmental bene�ts caused by the logging in the private forest will equal
the resource rent the government get from the public forest.

Corollary 1:
� is monotone nondecreasing in the parameters (p;�ce;�ca; t;��; �; Vt�1) .

The choice among the incentive contract and tenure reform:
We discuss the interior solution for the choice of land property rights status

above. It only deals with the situation where the government will allocate parts
of forest land to private people. It would be possible for the government to
privatize all the forest land or own all the forest land. We discuss the corner
solution in the next proposition.

Proposition 4. There exists a locus (p�; ��); such that if p < p�; � = 1;
and if p > p� ; then � = 0 ; under the condition p � �;if � > ��;then � = 0;
and if � < �� then � = 1.
proof:
From the �rst order condition, we have a��cee = 0. The su¢ cient condition

for � = 1 is that

�a(px+ �(�Vt�1 � x+ e)) + ax(p� �) + � > 0 (22)

which is equivalent to �cee2� ce�Vt�1e+� > 0 . Let e�, such that �cee�2�
ce�Vt�1e

� + � = 0, then

e� =

p
(�ceVt�1)2 + 4ce�� �ceVt�1

2ce
: (23)

Since�cee2�ce�Vt�1e+� is a decreasing function in e, if e(�) < e�(�; �; ce; Vt�1),
then � = 1: The rest of the proof is easily concluded from the proposition 2.QED
Proposition 4 says that the government decision whether or not to privatize

a speci�c piece of forest land depends on the economic pro�tability and the
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environmental importance. Given the same environmental service two pieces of
forest land provide, once the economic pro�tability of one land is little enough,
the government will allocate it to the private, however, if the economic prof-
itability is bigger enough, they will keep the land. The same is true if the forest
provides di¤erent environmental service and has similar economic pro�tability.

5. Empirical Analysis

5.1. Hypothesis and Econometric Model
It is concluded in the proposition above that the resource rent and envi-

ronmental bene�t will have very signi�cant e¤ect on the decision whether the
government will privatize public forest lands. As the resource rent increases, the
government is less opt to privatize the land and tends to have hold more public
forest lands. However, if the environmental importance of the land decreases,
the government will have the incentive to allocate the land to the private agent.
These conclusions are very much consistent with the overall management regime
change in China�s forest sector over the last two decades. In the initial stage
of the reform, a large amount of forest lands, especially the barren land previ-
ously owned by the government were allocated to the household. However, the
price of timber increased a lot as the reform proceeded, the Chinese government
claimed that the price increase would cause the household to harvest timber,
which would lead to a large scale of deforestation. So they slowed down, and
even stopped the process of allocating the use right to households and imple-
menting the decollectization, in some area, they even took back the forest land
which has already been managed by households. Until now, the government still
owns a very large proportion of forest lands, among which most are economic
pro�table and some of them are located in environment sensitive areas.
To test the hypothesis implied from the proposition and the story above

empirically, we set up the following linear econometric equation:

yit = �0 + �1 � pit + �2 � �it + 

0
xit + �it (24)

where yit measures the property right status of forest lands, pit measures
the resource rent, �it represents the environmental importance and xit are a set
of control variables.Our primary interest is to check the signi�cance and sign of
the parameter �1 and �2.
We use the proportion of forest lands managed by households as the mea-

surement for yit . Among these forest lands, there are two di¤erent kinds of
forest: managed forest and natural forest. We construct three measures for yit
: the proportion of managed forest lands, natural forest lands and all forest
lands managed by households. As discussed in the second section, the property
right of forest lands managed by households is much more secure than that of
state owned forest lands since the household holds the use right of their land for
a very long time, up to 50 years and with the possibility to transfer and high
priority to continue their right, however, the contract between the management
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and the government to manage the state owned forest is subject to frequent
negotiation and termination.
We use the information on the price of timber, i.e, the nominal price6 divided

by the cost of living index and the quality of forest as proxies for resource
rents pit. The price re�ects the scarcity of timber, and has direct impact on
the revenue of the agent. De�nitely, it will convey the information on the
stumpage value per unit of timber. However, since the resource rent is equal
to the di¤erence between the price and the extraction and delivery costs for
the logs, one has to be aware of its imperfection as a proxy. Another proxy for
resource rents in the regression for over all forest is the ratio of natural forest
land among the total forest land. Since the quality of managed forest is much
lower than the natural forest, the ratio measures the quality of forest, hence
provides the information on the pro�tability of the forest7 .
To measure the environmental importance �it , we use two variables i.e, the

location of forest and the income per capital. The location of the forest is an
important determinant of its environmental bene�ts. Whether the forest is lo-
cated in the environmental vulnerable area has been one of the main concerns
for the government�s decision. We use the dummy variable whether the forest
is located in the upper basin of Yangtze or Yellow river as the measurement of
its environmental importance. Since with the increase of income per capital,
the demand for the environmental service from forest will increase, the envi-
ronmental service of forest will become more important. We expect that the
government will have less incentive to allocate the use right of forest land to
rural households as the demand for environmental services increases.
Other control variable in the model include the process of rural household re-

sponsibility in the agricultural sector. The process of the adoption of household
responsibility system in the agricultural sector has been one of the main impe-
tus for the similar reform in the forest sector. We expect that it has signi�cant
positive impact on the tenure reform in the forest sector.
5.2. The Data
The empirical analysis uses data from various sources.The main source of

data for our empirical analysis comes from China�s National Forestry Census
data. The forestry census contains information of state forest area and tim-
ber volume with the information about tenure. The data has been used by
some researchers in analyzing Chinese forest resource dynamics, and has been
found to be one of the few consistent data about Chinese forest. There are
several reasons that it might be true. Firstly, the primary aim to conduct the
censuses is to aid the government to evaluate the country�s state forest sta-
tus, instead of as an evaluation criterion for the performance of local o¢ cials.
Second, aware of the misreporting from the local state forests, the Chinese gov-
ernment has implemented �ve rounds of independent national forest resource

6Since the price for timber largely depends on the quality and varieties of timer, we use
the price index for timber in our calculation.

7We don�t include this variable in the regression of managed forest and natural forest
since we are not able to �nd good arguments for the ratio of natural forest containing the
information to the managed or natural forest.
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censuses across 28 provinces in the mid of 1970s (QGSLZYTJ 1976), late 1970s
to early 1980s (QGSLZYTJ 1983), mid to late 1980s (QGSLZYTJ 1989), early
1990s (QGSLZYTJ 1994) and late 1990s (QGSLZYTJ 1998). Third, these Na-
tional Forestry Censuses relied on direct observation techniques and sampling
the same permant sites in each census, and the survey results did not pass
through the governmental hierarchy, which is very often a big concern for the
researcher using the Chinese o¢ cial data. We then match the forestry data
with provincial social and economic characteristics. Our data on the price is
from China Market Yearbook (CRSY) at various years. The data on income
per capital and the process of the adoption of rural household responsibility are
from China Statistical Yearbook (SSB) and China Rural Statistical Yearbook
at various years respectively.
The descriptive statistics for the main variables in our regression are pre-

sented in table 1. Since the �rst survey doesn�t contain any tenure information,
we only analyze the data for 28 provinces over later four periods, which con-
tains 112 observations. Table 1 shows that the mean value of the percent of
managed forest, natural and over all forest allocated to household are 68%,57%
and 60%. To have some further information about the forest coverage in China,
a more disaggregate result for two typical areas in China is presented in table2.
From table2, the general pattern of forest cover change can be observed (1)in
northeastern China, the natural dominates the forest and the government owns
most of the natural forest, however, the percent of either managed or natural
collective8 forest is growing, (2) in southern China, the forest is mainly managed
by households, which leaves the magnitute of change very small.

5.4. The result
Table 3 and table 4 report results for the regression of the percent of forest

land decentralized to households and communities for managed forest, natural
forest and over all forest. We run OLS regression �rst and the results are
presented in table 3. The concern for possible regional heterogeneities leads us
to include regional dummies in the equation and run similar regressions, and the
results are presented in table 49 . Given the limited number of observations for
our sample, the high overall �tness for regressions are quite unexpected. The
overall �tness for natural forest and overall forest is especially high, and more
than half of the variation of natural forest and overall forest tenure change can
be explained in some of the regressions.
The signi�cance of the variable, location holds under most speci�cations

except the case when regional dummies are included in the regression and the

8 the term "collective" in China means that the use right of forest is allocated to and
managed mainly by households.

9The coe¢ cients for dummies are not included in our table due to limited space. One
of the reasons why we use the regional dummies instead of provincial dummies is that once
we include the provincial dummies in the regression equation, the measure for environmental
importance will be canceled out. Another reason is that in the panel regression, the measure
error will exacerbate the variance so that the t-statistics are underestimated. We do run a
regression with �xed e¤ects, from which we �nd that the sign of coe¢ cients doesn�t change,
however, most of coe¢ cients become insigni�cant.
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proxy for tenure reform is the percent of managed forest allocated to households
or communities, and the coe¢ cient of log (income per capital) is also signi�cant
under a number of speci�cations, which suggest that the association is quite
robust. The larger magnitude of the two coe¢ cients and the stronger signi�-
cance of the impact in the OLS regression suggest the need for the concern of
heterogeneity. We will mainly refer to table4, especially column (1), (2) and (4)
when we explain the results. The negative signi�cant relationship between the
location and the measure for tenure reform implies that in the environmental
vulnerable area, the government will allocate less forest land to households or
communities due to the larger concern for social bene�ts of environmental ser-
vices from forest. Speci�cally, the government will allocate 8.8% less managed
forest, 31.5% less natural forest and 26.3% less total forest to households or
communities. The increasing willingness to pay for environmental services due
to the increase of income per capital also requires the government to keep more
public forest.If the income per capital doubles, the percent of overall public for-
est will increase by 6.8%. These results con�rm our hypothesis of tenure reform
process.
The impact of timber price on government decision to privatize the forest

is signi�cant both for natural and total forest, and the forest quality also has
signi�cant impact on the tenure reform process. These �ndings support the
rent capturing hypothesis during the reform process. If the real price of timber
increases by 1%, the government will have less incentive to decentralize the
management of forest and allocate 0.065% less of natural forest and total forest
to households or communities. The incentive to capture resource rents will lead
the government to privatize 0.232% less when the forest quality is high.
The econometric results also suggest that the success of rural reform in the

agricultural sector indeed has a strong and signi�cant spillover e¤ect on the re-
form in the forest sector. The relationship is signi�cant in all the speci�cations.
In the province where the agricultural reform proceeds faster in the early period
of the reform, the government also implemented a faster and wider tenure reform
in the forest sector. The coe¢ cient of 0.21 in column4 of table4 implies that
the government who adopted 1% higher of the agricultural household responsi-
bility in agricultural sector will allocate 0.21% more of forest to households or
communities.
Overall, the results in this subsection suggest that the proxies for environ-

mental bene�ts and resource rents have signi�cant e¤ect on the process of tenure
reform. Speci�cally, the government will allocate less forest land to local people
when the environmental concern are more urgent, however, they will privatize
more land if the economic bene�ts from the land are lower. The conclusions are
quite robust under a number of speci�cations.

6. Conclusion

This paper analyzes the issue whether the government should privatize the
forest land or use the contracting approach to manage the forest resource. These
two regimes re�ect key institutional features in some developing countries, i.e,
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the household based property rights and the state owned or concessioned forest.
In the context of Chinese management transition, we develope a model of the
regulatory game where the government has two policy options and the private
has multitasks. The analytical results con�rm the basic intuition that the rel-
ative importance between the environmental bene�t and the economic rent of
the forest a¤ects the decision of the government in a great deal. As the resource
rent increases, the government is less opt to privatize the land and tends to have
hold more public forest lands. However, if the environmental importance of the
land decreases, the government will have the incentive to allocate the land to
the private agent. For the land with di¤erent environmental bene�ts and eco-
nomic pro�tability, it would be more bene�cial for the government to privatize
the land with less economic rents and less environmental bene�ts. The share of
the resource rent kept by the government is based on the proportion of the land
privatized and the relative importance between the environment bene�t and the
economic rent. Speci�cally, with less public forest lands or the more important
environmental bene�t, the government will capture larger share of economic
rents.For the land of which the environmental bene�t is higher, it is rational for
the government to impose the logging ban. The government as the regulator
may also select the more able people with high ability to manage forest lands
as a substitute tool for the privatization.

Both the rent capturing hypothesis and environmental concern hypothe-
sis are con�rmed in our empiral analysis by using the data from China, which
implies that the main conclusions from our theoretical part are very much con-
sistent with the overall management regime change in China�s forest sector over
the last two decades. In the initial stage of the reform, a large amount of forest
lands, especially the barren land previously owned by the government were allo-
cated to the household. However, as the price of timber increased a lot following
the reform, the Chinese government claimed that the price increase would cause
a large scale of deforestation. So the process of household responsibility re-
form,i.e,allocating the use right to households in forest sector was slowed down,
and even was stopped in a number of areas. The variation of reform process
in di¤erent places also re�ects the government�s concern for environmental ben-
e�ts. In the area where the environment is vulnerable and the demand for
environmetal service is high, the government allocate less forest to households.
Appendix I:
@2

@a@x = p� �;

@2

@a@e = (1� �)�;

@2

@a@(��) = �(�Vt�1 + e);

@2

@e@x = 0;

@2

@(��)@x = 0;

@2

@(��)@e = a� � 0.

Appendix II :
@2

@p@a = x � 0;

@2

@p@x = a � 0;

@2

@p@(��) = 0;

@2

@p@e = 0;

@2

@�@a = (1��)(�Vt�1�x+e)��x;

@2

@�@x = �a;

@2

@�@(��) = a(�Vt�1+e);

@2

@�@e =

a(1� �);
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@2

@t@a = 0;

@2

@t@x = �M

00

xt(x; t) � 0; @2

@t@(��) = 0;

@2

@t@e = 0;

@2

@�@a = (1� �)�Vt�1 � 0;

@2

@�@x = 0;

@2

@�@(��) = a�Vt�1 � 0;

@2

@�@e = 0;

@2

@Vt�1@a

= (1� �)�� � 0; @2

@Vt�1@x

= 0; @2

@Vt�1@(��) = a�� � 0;

@2

@Vt�1@e

= 0;

@2

@(��)@a = 0;

@2

@(��)@x = 0;

@2

@(��)@(��) = 1 � 0;

@2

@(��)@e = 0;

@2

@(�ca)@a = a � 0;

@2

@(�ca)@x = 0;

@2

@(�ca)@(��) = 0;

@2

@(�ca)@e = 0;

@2

@(�ce)@a = 0;
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@(�ce)@x = 0;
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@(�ce)@e = e > 0;
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