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a b s t r a c t

Land use is closely related to human activity, which affect ecosystem services by changing the types,
patterns and ecological processes of ecosystem, and consequently impact the human well-being. Sci-
entific simulation is needed to analyze the land use policy impacts on ecosystem services and socio-
economic development. Based on the reviews, the Computable General Equilibrium (CGE) model plays
an important role in building simulation framework for land-use management optimization for
ecosystem services improvement, which can be used to systematically analyze changes of ecosystem
service driven by land use change as well as the consequent impacts on socioeconomic development. In
addition, the similarities and differences between the CGE model and System Dynamics (SD) model are
identified. CGE and SD models have their advantages and disadvantages, a suitable model can be select in
the practice of policy simulation. In this sense, these simulation models are of great significance to
decision-making on land-use management measures for ecosystem service conservation and socioeco-
nomic development.
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1. Introduction

Land system is an important component of the Earth terrestrial
ecosystem (Verburg et al., 2015). Land use activities not only pro-
vided services such as the material products, but also brought
profound land use/land cover changes (LUCC), which is an impor-
tant part and one of the main reasons of global environment
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changes (Deng et al., 2014a). LUCC has been a hot issue in inter-
national geographic research field since the early 1990s, when the
LUCC research plan was jointly put forward by International
Geosphere-Biosphere Program (IGBP) and International Human
Dimensions Program on Global Environmental Change (IHDP) in
1995. LUCC studies mainly focus on clarifying and analyzing the
driving mechanisms and characteristics of land use/cover change,
forecasting and simulating future land-use/cover change and
spatial distribution (Li et al., 2013a, b; Xu et al., 2013; Deng et al.,
2013a; Zhen et al., 2014).

Ecosystem service refers to all the benefits that humans derive
from ecosystem, including provisioning services such as food and
water supply, regulating services such as flood and disease control,
supporting services such as the nutrients cycle maintenance of the
Earth's living environment, and cultural services such as the ben-
efits of spiritual, recreational and cultural.

Recently, the mechanisms of how the land use change affects
ecosystem services and consequently affect the socioeconomic
development has become a hot issue (Liu and Deng, 2010; Singh
et al., 2014; Sutherland et al., 2014). Along with detailed research
of land use, there is growing awareness that land-use management
is one of the fundamental factors of ecosystem services improve-
ment (Deng et al., 2016). Over the years, economists have already
characterized the regulation and mechanisms of social economic
system linked with land supply and land use. Accordingly, ecolo-
gists have also taken deep research on how the land use change
affects the process of ecosystem services. However, on one hand,
ecologists usually do not pay much attention to land-use man-
agement and policy impacts on land use. On the other hand, land-
use management and policy affects the socioeconomic system via
impacts on ecosystem services. Land-use management and policy
are the main ways to alter the land use pattern. The ecosystem
service function of different land use types is quite different, and
have a different impact on the social economic system. Neverthe-
less, the economists usually do not hold the background knowledge
of land ecology. Thus research on mechanisms of how land use
change affects ecosystem services and consequently affect the so-
cioeconomic development is quite fragmentary and unsystematic.
Few studies explore more in depth in terms of combining land use,
ecosystem services and social economic system to comprehen-
sively analyze how to improve ecosystem services and promote
social economic development through optimization of land use
from the management level. There is no doubt that it is chal-
lengeable to quantitatively analyze the driving mechanism of land
use changes on ecosystem service and socioeconomic development
within a whole framework, which also incorporates the objectives
about optimization of land-use management, ecosystem services
conservation, and socioeconomic development (Deng et al., 2016;
Jin et al., 2015a).

With considerable growth in national macro-economy, rapid
increase in fixed investment and a strong demand for built-up land,
China is facing the challenges of land conditions, such as a large
population versus limited land area, limited cultivated land re-
sources, etc. Due to the neglect of cultivated land protection and
ecological conservation while in the process of urbanization, a se-
ries of land problems and environmental problems have occurred,
including food shortages, environmental pollution, and extreme
climatic conditions. Consequently, the ability to coordinate land
use, national economic and social development has beenweakened
(Jin et al., 2015b). With a “Trinity” property of resources, assets and
capital, land is the base resources and material guarantees for hu-
man survival and development. Reasonable and effective utilization
of land resources is directly significant to deal with the socioeco-
nomic, human, environmental, ecological, security and other key
issues of sustainable development. Thus, reasonable management
and control of land use, and improvement of ecosystem services are
important guarantees for sustainable land resources utilization and
human society development. The implication of this sentence is
that the improvement of ecosystem service, such as promotion of
provisioning, regulating, supporting and cultural services will have
a positive impact on the sustainable use of land resources and
socio-economic development, rather than a simple transformation
between land use types. For example, taking the urban ecosystem
as an example, increasing the green area in the built-up area will
improve the regulating services of the ecosystem and utility pattern
of land use, which is the embodiment of sustainable development.

Land use policy is an important means for optimization of land-
use management, which plays a significant role in ecosystem ser-
vices regulation. Regional land use changes are influenced by nat-
ural, social, economic and other factors (Wu, 2008). Among them,
natural factors plays a leading role, while the social, economic,
technical and other human factors determine the types and struc-
ture of land use through operating mechanisms, price system, land
ownership system, etc. Land use policy is a type of political and
economic tasks that established by the government in a certain
period. It can also be treated as the guidelines for the development,
utilization, governance, protection and management of land re-
sources. In this sense, it can clearly reflect the local economic
development, industrial distribution and regional planning, which
are important factors of economic operation (Jin et al., 2014).
Currently, promoting optimization of land-use management
through land use policies in China is still challengeable. On the one
hand, cultivated land has serious non-agriculturalization trend.
“Development zone” and infrastructure construction in the process
of urbanization has greatly contributed to the regional economic
growth, but also increased the pressure of food security and
ecological environment (Seto and Satterthwaite, 2010; Zhang et al.,
2014). On the other hand, the land ownership is still not clear,
which leads to illegal land transactions and excessive land use. In
addition, there have been excessive land acquisitions for built-up
land construction from the government, resulting in uneven land
price subsidy as well as cultivated land loss. Therefore, it is of great
importance to evaluate the effect of land use policy with simulation
and computation. Based on the mechanisms of how the land use
change affects ecosystem services and consequently affect the so-
cioeconomic development, scientific simulation of the policy
impact on the socioeconomic development can be conducted.
Subsequently, the proposed policy recommendation based on
simulation results can assist and improve the efficiency of decision-
making.

It is of great importance to theoretically study the mechanisms
of how land use policies affect ecosystem services through land use
changes and consequently impact the socioeconomic development,
as well as to practically develop the techniques of computation and
simulation of land use policies. As mentioned above, the mecha-
nisms of how the land use change affects ecosystem services and
consequently affect the socioeconomic development is linked with
macroeconomics, land economics and land use policy, thus simu-
lation of land use policy mechanisms based on mathematical
modeling and computer simulation technology is a multidisci-
plinary field, which requires multidisciplinary knowledge, with the
characteristics of intersectionality and complexity. This study will
analyze the process that the land use change affects ecosystem
services and consequently impacts on the socioeconomic devel-
opment. Firstly, internal relations of land use policy conduction
system will be sort out from flexible and complicated policies.
Subsequently, model for land-use management optimization will
be constructed for the investigation on the process that land use
change affects ecosystem services and consequently impacts on the
socioeconomic development. It is helpful to understand synergistic
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effect and trade-off effect caused by policy mechanisms and com-
posite effects through market mechanisms. Then, land-use man-
agement measures and strategies will be proposed for ecosystem
services conservation and socioeconomic development, which can
improve the planning and implementation of land use policy.

2. Policy simulation of land use optimization

Policy simulation is generally defined as decision support sys-
tem (DSS) for government services, whose goal is to seek appro-
priate policies responding to the future development and discover
policies considering socioeconomic shock. Furthermore, policy
simulation refers to virtual testing of policy problems based on
mathematical modeling and computer simulation technology. This
kind of simulation and experiment could be divided into two cases.
One is to test a variety of policies to determine optimal policy. The
other is to simulate a single policy role under complex policy
environment to understand policy effectiveness. Policy simulation
includes mathematical modeling, algorithms, computer modeling
and simulation, decision support, etc. (Briassoulis, 2008; Deng and
Wen, 2011; Zhang et al., 2013). With the advancement of computer
science and technology, policy simulation has been widely utilized
in the energy policy, agricultural and forestry policy, population
policy, financial policy, innovation policy and other fields.

Land-use management activities are profoundly influenced by
land use policy through the guidance, regulation and distribution
functions (Hamblin, 2009), which is one of the most fundamental
driving factors of ecosystem services change. Furthermore,
ecosystem services are the carrier of humanwell-being (Deng et al.,
2013b). Therefore, simulation of land use policy can realize more
accurate forecasting and analysis of the policy implementation
results. It is conducive for policy makers to formulate appropriate
policies, reduce the risk and costs of policy implementation, and
then help promote healthy and long-term socioeconomic devel-
opment. Optimization of land use policy simulation in this paper is
defined as virtual test involving land use policy scenarios and
simulation. Based on computer technology and mathematical
modeling, it is used for land use optimization and ecosystem ser-
vices improvement.

2.1. Analysis on land use policy

Land use policies are laws or regulations in land resources
development, utilization, governance, protection andmanagement,
whose aim is to fulfill the political and economic tasks in a certain
future period. It involves with not only economic development, but
also political, social and ecological civilization development (Song
et al., 2015a). Among them, natural environment is the basic fac-
tor leading to the land cover change. Mostly, natural environmental
factors such as climate, soil, hydrology, are relatively stable, which
play cumulative effects on land use changes through land cover
changes, rather than a direct influences. The social, economic,
technical and other human factors are relatively active, affect the
regional land use change by affecting people's decisions on land
use. Land use is in a state of dynamic equilibrium under the joint
action of natural, social and economic factors in a long time.

Policy factors are most influential factors of land use dynamic
change. Land use policy plays a role in guidance, structure regula-
tion, and distribution and intensity adjustment of land use
(Brannstrom et al., 2008). The policy guides the method and
objective of land use changes, directly influence the types and
structure of land use through direct mechanisms including land
property right, land allocation and land resources management,
and indirect mechanisms which refer to the amount and structure
of land supply, land prices, etc. (Du et al., 2011). These various land
use policies change regional land use structure, distribution and
intensity through balancing land supply and demand that is to
adjust the competition between different land use types. In order to
realize the economical and intensive utilization of land, with
enhancing cultivated land protection and ensuring the amount of
ecological area, China has implemented some policies such as grain
for green, converting pastures to grasslands, natural forest protec-
tion, and cultivated land protection, etc.

In terms of land use structure adjustment, it obviously will
directly or indirectly affect the conversion between the types of
land use and land use structure in the process of realizing land use
objectives. For instance, land use planning policies will clearly
design the size, structure and layout of built-up land and the actual
available adjustments, as well as of ecological land to guarantee
different ecosystem services. Aimed to the protection and
improvement of ecological environment, Grain for green was pro-
posed and implemented in 2003. It aimed to prohibit farming on
slope croplandwhere soil erosion is likely to happen, and afforest in
harmony with local climatic conditions to recover forest and
vegetation, thus increasing the proportion of forest land in land use
structure and enhancing the protection of ecosystem services. Be-
sides, the No.1 file from Chinese government again emphasized the
importance of cultivated land protection. It come upwith a series of
tasks such as permanent primary cultivated land demarcated,
implementation of a high standard cultivated land construction
planning, cultivated land quality improvement actions, stripping
topsoil recycling, land compensation and cultivated land dynamic
balance system in national key water conservancy project. These
policies directly motivated the speed of land utilization on culti-
vated land.

Land use layout is another important feature of land use, which
refers to spatial configuration of various land types and reflect the
basic situation of land use within a certain area. According to
different regional development strategies, status, and potential,
resources and environment carrying capacity, and land use suit-
ability in a limited area, the region is divided into different func-
tional areas which will be managed differently with diverse
regulation indicators and measures. This will directly affect the
spatial distribution of land use type, which contribute to reason-
able, scientific, oriented land use development. Simultaneously, all
types of land use policy would indirectly affect the spatial distri-
bution of land use while adjusting the land use structure. Changes
in the amount of land use types will eventually be reflected by the
spatial distribution, and consequent impacts on ecosystem services.
As for land use intensity, it refers to the efficiency of land resources
utilization. In other words, it is the investment intensity per land
unit. Extensive land use is usually a problem in the process of land
utilization. Policy on land saving and intensive use can increase
land use efficiency and the input-output ratio per land unit.

Land use policies has significant impact on regional land use and
make corresponding structure, distribution and intensity change.
According to collected recent national land policies in China, the
land policies are divided into eight categories: cultivated land
protection, land saving and intensive use, land reclamation, grain
for green, converting pastures to grassland, primary cultivated land
protection, built-up land management, and land circulation policy.
Within comprehensive effect of various policies, land use is under
dynamic changing process.

2.2. Transmission mechanisms on land use optimization

The land is the carrier of the terrestrial ecosystems, different
land use types have different main ecosystem services. For
example, cultivated land provides strong provisioning services of
agricultural production, while weak supporting, regulating and
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cultural services. Natural forestry land can provide strong sup-
porting services and regulating services while weak provisioning
services. Meanwhile, grassland has strong supporting services
while weak regulating services. Land use change will profoundly
affect some ecological processes of ecosystem such as energy ex-
change, water cycling, soil erosion and deposition and biogeo-
chemical cycling, etc., thus changing the provision of ecosystem
services. (Geng et al., 2014; Singh and Shi, 2014; Deng et al., 2015;
Jin et al., 2015b; Wu et al., 2015). Particularly, the change of
ecosystem services caused by human activities under rapid socio-
economic development has received considerable concern. Espe-
cially, as the core of global environmental change, LUCC plays a
decisive role on ecosystem services through changing the structure
and services of ecosystem (Polasky et al., 2011).

Human well-being is the valuable activity and status defined
according to people's experience. Determinants of well-being
sometimes are represented as inputs, which are mostly provided
by ecosystem services, including food, fiber, fuel, clean water,
housing materials, different types of crops, livestock, forestry
products, mineral products in the market. In addition, the natural,
environmental and social conditions, as well as access to resources
and space are all related determinants of well-being (or means to
acquire welfare). The United Nations “Millennium Ecosystem
Assessment” report also defined the concepts of humanwell-being,
including five main components: 1) the basic material needs for a
good life, 2) health, 3) good social relations, 4) security, and 5)
freedom of choice and action. These five components interacted
with each other, and changes of each component will usually have a
positive or negative impact on other components (MA, 2003).
Human well-being is reflected by not only economic development
and quality of people's livelihood, but also the environment. In this
sense, the improvement of economic development as well as
change of ecological environment should be taken into account in
policy formulation. In other words, sustainable development is of
high demand. Effects of ecosystem services for humanwell-being is
divided into economic development, ecological environment and
the quality of people's livelihood, according to the related literature
and the report of Chinese People's Livelihood Index Research.

Changes of ecosystem services often affect regional economic
development, which can be represented by GDP, directly and
indirectly. Renewable resources (such as ecosystem services) and
nonrenewable resources (such as mineral deposits, soil nutrients
and fossil fuels) are both human capital assets. The degradation of
ecosystem services represents a loss of a capital asset. Provisioning
services such as food, fiber, water, and herb, are directly involved in
economic production, and reflected in agricultural output of na-
tional economic accounts. Although regulating services such as the
regulation of climate, floods, as well as disease, do not have a clear
marketing price, they also play a huge role in protecting normal
production and life in a country and take participate in economic
production in an indirect way. For example, water purification
helps increase fishery production. Flood regulation of wetlands
helps to increase social capital and labor input. Cultural services
contribute to economic development by education, scientific
research, tourism, entertainment activities. Economic output of
tourism and entertainment is directly reflected in national eco-
nomic accounts, while education and scientific research usually
indirectly represent as impact of science and technology on eco-
nomic growth. Supporting services participate in economic pro-
duction by guaranteeing the normal supplement of other services
(Daily and Matson, 2008).

Regarding impacts of changes in ecosystem services on
ecological environment, they have little influence on ecological
surplus area (which can be divided into very rich area, relatively
rich area, and rich area). It has sufficient capacity to mitigate those
adverse effects. As for ecological balance area (which can be divided
into surplus balance area and critical overload area), changes of
ecosystem services would not affect the surplus balance area. But
critical overload areas probably have the tendency to turn into
ecological deficit areas. Changes of ecosystem services have higher
impact on ecological deficit areas (which includes pretty overload
area, relatively overload area, overload area). In ecological surplus
area, biological diversity is pretty rich and ecosystem is complex
with strong resistance. Although the regulating services such as the
regulation of water, soil, and disease are weakened by the decrease
of forest land and grassland, people are able to ease the negative
impact of changes in ecosystem services through other alternative
services. However, decline of ecosystem services would lead to
irreversible loss in the ecological deficit areas due to its vulnera-
bility and weak resistance. Human development should be in har-
mony with the carrying capacity of resources and environment. In
this sense, land use regulation and control measures should be
proposed based on ecosystem services. To keep human develop-
ment be within the carrying capacity of the Earth, the environment
protection need to be taken into action, including environmental
pollution control, environmental quality improvement, life support
systems protection and biological diversity conservation in the
economy development.

The quality of people's livelihood is mainly reflected in income.
Acquiring the basic materials for maintaining a high quality of life is
one aspect of human well-being, which is strongly linked with
provisioning services functions (such as food and fiber production)
and regulating services functions (including water purification) of
ecological system. Moreover, one of the most important reflection
of basic material conditions is the income level.

Firstly, provisioning services of ecosystem can directly bring
monetary income. Ecosystems can provide provisioning services
functions such as food, fiber, fuel, wood, etc. All those products can
directly enter the market and gain economic value. That land pro-
vides income source is one aspect of ecosystem impacts on earn-
ings. Farmers cultivate land to get agricultural production, and gain
income by exchanging agricultural surplus in the market after
harvest season. People lived in the forestry ecosystems get income
through gathering wild food, wood fuel, fodder, medicinal plants,
and timber. For example, land is one of the major source of farmers '
income which consequently affects the consumption for the life
improvement (Jin et al., 2015c).

Secondly, negative ecological utilization will reduce the value of
ecosystem services. To mitigate the destruction of ecosystems,
more money has to be invested leading to a decreased revenue
ratio. According to the MA, three ecosystem services related to the
crops, livestock and aquaculture production people have already
improved through area extension or technical input. If these were
all put into the market for equivalent currency trading, a very
substantial revenue will occur. Although the average income of
people in the world had increased, it did not grow with a high-
speed and is in a state of volatility. Basically, the reason is that
the cost has also been increasing. Many ecosystem services have
been degraded, which increased the risk of nonlinear changes in
ecosystems (including accelerating, abrupt, and potentially irre-
versible change). Ecosystem services that have been degraded over
the past 50 years including fisheries, water supply, waste treatment
and detoxification, water purification, natural hazard protection,
regulation of air quality, regulation of regional and local climate,
and regulation of erosion, spiritual fulfillment, and aesthetic
enjoyment. In some counties with sufficient financial support on
land investment, the degradation of ecosystems can be mitigated
by taking remedial measures. For example, declining of soil fertility
of the agricultural ecosystems can be mitigated with the applica-
tion of chemical fertilizer. Regulating services and water
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purification services functions of basins and wetlands can be ach-
ieved with the water treatment equipment. However, rapid eco-
nomic growth in many countries are burdened with increasing
environmental costs. FULL NAME (RAND) Corporation point out
that the costs of pollution in China are large, approaching 10% of
GDP per year over the past decade (Crane and Mao, 2015). Degra-
dation of ecosystem services can be compensated by technical
means, but in general, the income will reduce along with contin-
uously decreasing of costs inputs.

Changes in ecosystem services influence all components of
human well-being, both directly and indirectly. The relationship
between human well-being and ecosystem services is not linear.
Generally speaking, when an ecosystem service is abundant rela-
tive to the demand, a marginal increase in ecosystem services
contributes only slightly to human well-being (or may even
diminish it). However, when the service is relatively scarce, a small
amount of decreasing can substantially reduce human well-being.

Land use policies have a feedback relationship between different
forms of human well-being. Study on optimization of land-use
management for ecosystem service improvement has a very posi-
tive significance for ecosystem stability, ecological safety, human
well-being, and sustainable development. On one hand, humans
can obtain material products such as food, herbs and cultural
products such as aesthetic and spiritual from land use. Reasonable
land polices will promote the rational utilization of land resources,
which can promote socioeconomic development, enhance the in-
come level and strengthen ecosystem protection, thus forming a
positive development of ecological environment and promoting the
improvement of human well-being. On the contrary, unreasonable
land use policies will result in less efficient use of land resources,
causing land degradation and ecological environment destruction,
declination of land output, excessive land uses, damage of
ecosystem services, thus affecting the supply function of ecosystem
services and human well-being, creating a vicious cycle (Li et al.,
2013a, b). On the other hand, improvement of human well-being
will increase land and ecosystem protection, and increase the de-
mand for land production, which would cause intensive utilization
of land resources and serious degradation of ecological environ-
ment. Therefore, a series of policies compliance with socioeco-
nomic development need to be formulated for sustainable
development.

3. Simulation on optimization of land-use management for
ecosystem service improvement

3.1. Simulation mechanisms on optimization of land-use
management

The policy simulation is an important tool for policy decision
making, and the simulation results can provide effective support for
government policy decision. In the field of simulation research,
scholars at home and abroad use computer technology to develop a
variety of policy simulation system, to achieve the purpose of policy
optimization, by using the computer optimization, and the SD
model and CGE model is more popular.

Computable General Equilibrium (CGE) model is a powerful tool
for policy analysis. Having three basic features: “computable”,
“general” and “equilibrium”, which are corresponding with the
name of CGE. CGE model is a system of equations that describe an
economy as a whole and the interactions among its parts based on
its clearly modeling theory (Burfisher, 2011; Deng et al., 2014b). A
typical CGE model is to describe the relationship between supply,
demand and balance by a set of equations, and solve those equa-
tions under constraint of optimal conditions (optimization of pro-
ducers' profit, optimization of consumers' profit, optimization of
import profits and optimization of the export costs), thus come to a
group of the amounts and prices when the market reaches equi-
librium (Lofgren et al., 2002). Combined with GDP and Input-
Output tables, equations are analyzed from different perspective,
and parameter estimation are made from the correlated equilib-
rium at baseline period. 64 production sectors and 12 groups of
urban and rural households are contained in CGE model. And each
production sector is assumed having the same structure.

CGE models have been applied to a wide range of land use
structure simulation, resources utilization and energy consumption
problems, and has become a standard tool for environmental policy
analysis. It divides macro-economic system into a number of
calculated parts. The impacts of price changes on economic system
in a general equilibrium framework are analyzed by calculating
simulation instead of parsing analysis. Taking the entire economic
system as the study object, CGE model creates number connections
between each component of socioeconomic systems, comprehen-
sively investigating the supply and demand relationship between
various goods and factors through one group equation. In the
process of equation solving, this model highlights the price changes
of goods and factors into the role of producer and consumer de-
cisions. Hence, CGE model can be able to analyze the disturbance of
one economic part on another economic part and even the whole
economic system. Known as scientifically valid “test tools for pol-
icy” or “policy laboratories”, CGE model is a multifunctional tool for
policy analysis, which is quite ideal for simulation of macro-effects
of policies implemented under the market economy system. By
controlling a/some variable(s), any structural changes of the system
will affect the entire economic system, leading to changes in price
and quantity of goods and factors, and the economic system tran-
sition from one equilibrium state to another state. So that any
shocks from the system both inside and outside impact on the
whole socioeconomic system could be explored, which will give
feedback to policy makers or decision makers, providing a refer-
ence for policy choices (Jiang et al., 2014a, b).

Terrestrial ecosystems provide human beings with a wealth of
natural resources and a wide range of production and living space.
However, in the process of land utilization, irrational utilization
leads to serious challenges faced by terrestrial ecosystems (Su et al.,
2012; Song et al., 2015b). In order to facilitate land-use manage-
ment and enhance ecosystem services, CGE land use change
(CGELUC) model built in this paper took both the natural resources
and land information into consideration based on traditional CGE
model. It takes land resources as the main content and analyzes the
impacts of different land use policies on the land use change, and
consequent impacts on the socioeconomic development. The
CGELUC model consists of five parts: production systems, con-
sumption demand, foreign trade, natural resources and the balance
between supply and demand.

According to the actual needs, different types of production
departments are incorporated into seven departments including
farming, fishing, forestry, animal husbandry, industry, construction
and services, which representing provisioning services, supporting
services, regulating services and cultural services of ecological
system respectively. Production factors include three categories:
labor, economic capital and land natural resources. The subject of
income distribution includes residents, businesses, governments,
and the land. The surplus of the allocation will enter savings ac-
count, representing the human well-being. The incomes of resi-
dents come from labor endowments, economic capital income, as
well as transfer payments of enterprises and government. Incomes
of enterprises come from economic capital income. The govern-
ment revenue comes from various taxes. Finally, the land revenues
is a kind of virtual income, and it comes from land endowment, as
well as protection of residents, businesses, and government.
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Production activities is characterized by three layers with nested
functions. The first layer is the synthesis of economic capital and
land resources, using constant elasticity of substitution (CES)
function. The second layer contains two content. One is the syn-
thesis of labor and integrated economic capital-land natural re-
sources using CES function, the other is the synthesis of
intermediate inputs using Leontief production function. The third
layer is the output. CES production function are adopt in labor-
capital-land natural resources synthesis and synthesis of interme-
diate inputs. Export and domestic supply of products are repre-
sented by constant elasticity of transformation (CET), which can be
divided into two layers: one is the substitutional relationship be-
tween export and domestic supply, the other is the substitution
between exports and international exports. Residents' utility under
constraints of budgetary will be maximized by Cobb-Douglas
function. Government consumption and investment are described
by function as fixed expenses share.

As a basis for running the CGELUC model, the Social Accounting
Matrix (SAM) dataset we made based on Input-Output tables
including the land natural resources with twelve sub accounts. It is
quite different from traditional SAM tables that land natural re-
sources are separated from the “capital” account in our study,
which helps better analyze the impacts of economic activities on
the land resources. Setting up “land” accounts in the main account
reflects that the land ecosystem should have access to income
sources and expense items. “Land” account refers to the earnings
provided by provisioning services of land ecosystem, and those
earnings will be a source of income to “land” accounts. Income of
“land” accounts consists of two parts: one is the investment
(transfer payments) paid by residents, businesses, and govern-
ments for optimization of land use, the other is the remuneration
gained from production factors such as labor and economic capital
of land ecosystem. The expensing items of “land” accounts refer to
savings for maintaining the values of ecosystem services provided
by land ecosystem. One the other hand, savings of “land” account
can be considered as a reference value of compensation for land
ecosystem. When the relevant variables (such as land transfer
payments rate of residents, businesses and government) changes,
land status will change correspondingly.

In terms of effect mechanisms of land-use management on
ecosystem services, the conceptual framework can be built to
model the impacts on ecosystem services (such as supporting ser-
vices and regulating services) by human land use activities based
on CGE model. In this sense, Qinghai Province can be selected as
study case. It is the source of three major rivers (i.e., Yangtze River,
Yellow River and Lancang River) in East Asia, and it has experienced
severe grassland degradation in past decades. Based on the data
from remote sensing satellites and meteorological stations, the
regression and residual analysis were used to analyze the impacts
of climate change and human activities on grassland ecosystem at
different spatial and temporal scales. Results showed that the
grassland degradation was strongly correlated with the climate
factors (Yin et al., 2014). In addition, it showed that grassland
ecosystem service has also changed, such as temporal and spatial
heterogeneity in the quality of grassland, which was probably
mainly because of the effects of human activities. These results are
consistent with the currently status of grassland degradation in
Qinghai Province, which could serve as a basis for the local grass-
land management and restoration programs (Yin et al., 2014).
Furthermore, studies on North China plain is another good
example. The analysis model was built for comprehensive quanti-
tative analysis of land degradation affected by climate change and
land use change. The results revealed the impacts of different land
use type conversion on land quality, which will provide scientific
information for ecosystem services improvement and sustainable
land management (Li et al., 2015).
As for quantitative analysis of effects on ecosystem service

caused by land-use management policies, land use efficiency has
been improved in the process of land use conversion especially the
expansion of built-up land. The types and structures of industries
carried by land would also be further enhanced, which will play a
much longer impact on regional ecosystem services. Another study
of Qinghai province is good example for application of this
methods. Based on CGE model, Input-Output Model was used to
assess pollution risks of Qinghai province on the basis of the effect
analysis of waste emission on environment. The results illustrated
that the costs of environmental protection and recovery in China
had a gradient distribution, of which the energy efficiency is lower
while environmental costs are higher in Western China. Industrial
structure adjustment has different impacts on the pollution of
different sectors. Although the development of machinery and
equipment, hotels and catering services, and real estate, leasing,
and business services has increased the emission of pollutants, it is
offset by the decreasing emissions caused by other industries such
as construction and metal products (Jiang et al., 2014a, b). There-
fore, although economic development would increase environ-
mental pollution, industrial adjustments could effectively decrease
waste water and waste gas emissions to reduce the pollution risk. It
should be noted that there are still tremendous challenges for in-
dustrial transfer in Qinghai Province to coordinate the environment
and industry development (Jiang et al., 2014a, b). In addition, based
on a computable general equilibrium model of land use change
with a social accounting matrix dataset, an equilibrium analysis of
the land use structure was implemented in the Yunnan Province
during the period of 2008e2020 under three scenarios, the base-
line scenario, low total factor productivity (TFP) scenario, and high
TFP scenario. The scenario-based simulation results are of impor-
tant reference value for policy-makers in making land use de-
cisions, balancing the fierce competition between the protection of
cultivated land and the increasing demand for built-up area, and
guaranteeing food security, ecological security, and the sustainable
development of land resources (Luo et al., 2014).

3.2. Simulation for optimization policy of land-use management
based on CGE model and SD model

From the point of principle and applications, CGE model clearly
defined economic production functions and utility functions based
on the Arrow-Debreu general equilibrium theory. As a conse-
quence, it reflect the interdependence and interactions between
multiple departments and multiple market, thus revealing the
broader economic ties compared to partial equilibrium models and
macro-econometric model (Pratt et al., 2013). Through CGE model,
researchers can estimate the direct and indirect influence brought
by a particular policy change and its overall impact on economic
system, which is a reason that CGE model is widely used in policy
simulation. Based on system theory, information theory and cy-
bernetics ideas, System Dynamics (SD) starts from internal mech-
anisms and microstructure of a system, analyzes the relationship
between internal structure and its dynamic behavior based on
computer simulation technology, and then seek for problem-
solving strategies. It emphasis the view of whole system and dy-
namic development, and is applied to analysis of dialectical relation
of unity of opposites between structure, function and behavior of
complex systems (Karnopp et al., 2012).

From the perspective of research scale, CGE model divides
macro-economic system into a number of calculated parts, which
analyze the impacts of price changes on economic system in a
general equilibrium framework by calculating simulation instead of
parsing analysis (O'Looney, 2002). SD model usually study the
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multi-part andmulti-layered system frommicrostructure. It is used
to solve economic, social and ecological environment and other
system problems such as nonlinear, multivariable, higher-order,
and multiple feedback.

In terms of the data dependence, CGE model contains plenty of
information with its unique advantages compared with other
methods or models. Nevertheless, the data availability will limit the
application of CGE model. In the process of modeling, researchers
often face the reality that special investigation and survey needs to
be done to get the information due to the lack of available statistical
data. The truth is that the investigations are often difficult to
implement because of its high conditions demanding. Although
sometimes the data is available, the format and the organization
does not meet the needs of model. As a result, the cumbersome
adjustment and preprocessing are needed. Anyway, data avail-
ability constrained the application of CGE model to a large extent.
On the contrary, SD models, a structure-dependent model, can be
applied without sufficient data. Reasoning analysis is used to give
reliable results in the conditions of partial data lost according to
causal relationships and feedback structure of various elements, as
well as limited data (Hwang et al., 2013).

On the point of prediction function, CGE models simulates the
effects of changes in policy to predict the aggregates and structure
of macroeconomic. However, such predictions based on policy
simulations have to be combined with predictions of trends of
economic growth at the same time (Deng, 2008). And for macro-
economic forecasts, it still relies on underlying macro-econometric
models. Therefore, the predictions function of CGE model is not
strong. SD establishes system dynamic model on the basis of in-
ternal relations of reality system and historical data, fluidize social
problems, seeks for optimal solutions by means of computer
simulation, and quantitative analyzes the dynamic relationship
between structure, function, and behavior of information feedback
system. Developed from the system structure model, SD model
analyze the features of system, track and model the real system.
With incomparable advantages in complex nonlinear systems
research, it is applied in qualitative and quantitative analysis of the
history, present and future.

In short, the two policy simulation methods have their advan-
tages and disadvantages. Both of them can realize policy simula-
tions, analyze the influence of land use policies on land use
structure, as well as the resulting ecosystem service change impacts
on human well-being. With a complete modeling theory, CGE
model has the advantage to build models and implement the
simulation, while the accuracy of policy predictions will decline
due to its idealized assumptions and data dependence. SD model
also has a comprehensive set of theories as guidance, but deep
analysis and data mining are needed for a reasonable model con-
struction. To some extent, There is a more difficult to build the
mode compared to CGE. It is a dynamic simulation model built
based on actual observation information of the system instead of a
deduction from mathematical logic. Furthermore, it describes
future performance of the system based computer tests (Deng et al.,
2013c; Jiang et al., 2015).

4. Conclusions and discussion

There is a conductive and interactional relationship between
land use policies, land use change and humanwell-being. Land use
policy influence land use decisions and the way people use and
management ecosystems, and consequent to ecosystems impact on
human well-being. Policies are basic means to control social and
economic system, and control strategy is the specific performance
of policy. Hence, studies on complex systems modeling, decision-
making and policy optimization are of great theoretical and
practical significance.
This paper first sorted land use policies and analyzed the

transmission mechanisms of policy simulation for land use opti-
mization. Based on these, we further reviewed the framework of
policy simulation for land use optimization based on CGE model–
CGELUC model, which has five components including production
systems, consumption demand, foreign trade, natural resources
and the balance between supply and demand, and incorporated the
natural resources and land information on the basis of traditional
CGE model, taking land resources as the main content to analyze
the changes of human well-being caused by different land policies.

In addition, based on the comparison between CGE and SD
model, it shows that both CGE model and SD model are effective
tools for policy simulation. This paper compared both of their
ability in policy simulation for land use optimization, analyzed their
differences in transmission mechanisms and policy simulation
mechanisms of land polices impact on land use, land use impacts
on ecosystem services, and ecosystem services impact on human
well-being. Then new ideas are sought from the management level
to improve ecosystem services and promote socioeconomic
development through optimization of land use. SD and CGEmodels
have their advantages and disadvantages, a suitable model can be
select in the practice of policy simulation.

In the follow-up study, the applicability in policy simulation of
the SD and CGE model will be contrasted and analyzed in order to
optimize the land use management and improve the ecosystem
service.
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