Hindawi Publishing Corporation
Advances in Meteorology
Volume 2013, Article ID 578350, 7 pages
http://dx.doi.org/10.1155/2013/578350

Research Article
A Comparison of Two Land Use Simulation Models under the
RCP4.5 Scenario in China
Feng Wu,1 Jinyan Zhan,1 Qian Xu,2 Yihui Xiong,3 and Zhongxiao Sun2
1

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China
School of Mathematics and Physics, China University of Geosciences, Wuhan 430074, China
3
School of Information Engineering, China University of Geosciences, Wuhan 430074, China
2

Correspondence should be addressed to Jinyan Zhan; zhanjinyan.bnu@gmail.com
Received 7 August 2013; Revised 13 November 2013; Accepted 13 November 2013
Academic Editor: Xiangzheng Deng
Copyright © 2013 Feng Wu et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
The land use simulation model is an important tool to analyze the land use/land cover change (LUCC), which plays a key role in
influencing the global warming. However, there have been very few global LUCC simulation models, especially the models that
can be used to analyze the interaction among the socioeconomic development, climate change, and LUCC. The Global Change
Assessment Model (GCAM) and the GTAP-AEZ model are two models that take account of the influence of social economy and
climate change at the global scale, but they may have some parameter errors due to the rough parameter setting. This study aims to
compare the simulation results obtained with the GCAM model and GTAP-AEZ model and optimize their parameters according to
the specific conditions of China. First, we simulated the land use structure in China in 2010 with the two models and compared the
simulation results with the real one. Second, we calibrated these parameters of models according to the China’s national conditions
and implemented the simulation again. The result indicates that the calibrated GCAM can provide more accurate simulation result
of land use, which can provide significant reference information for the land use planning and policy formulation to mitigate the
climate change in China.

1. Introduction
Humans have transformed significant portions of the Earth’s
land surface, 10 to 15 percent of which is currently dominated
by agricultural crop or urban-industrial areas, and 6 to 8
percent is pasture [1]. These land use changes have important
implications for future climate changes and, consequently,
great implications for subsequent land use changes [2–4].
Climate change and land use change are both global drivers of
environmental change, and the impact assessments generally
show that interactions between them can lead to serious
challenges to the provision of ecosystem services. Besides,
in many cases it is impossible to determine the impacts of
climate change without consideration of land use/land cover
change (LUCC). LUCC is a widespread, accelerating, and
significant process, and it has been one of the research cores
of the international programmes such as the International
Geosphere-Biosphere Programme (IGBP) and the Global
Environmental Change Human Dimensions Programme
(IHDP) and is also one of the global environmental research

focuses and cutting-edge issues [5]. LUCC is driven by
human activities, and in many cases it also leads to changes
that impact the humans; therefore, LUCC modeling is a
critical way for formulating effective environmental policies
and management strategies [6, 7]. Understanding the role
of land use change in the global environmental change
requires the analysis of historical land cover conversions
and/or projection of possible future land use changes, both
of which heavily rely on the land use simulation models.
Besides, the land use simulation model also provides an
essential approach for stakeholder to project and evaluate
the potential consequences of policy decisions and other
actions. As more scholars realized the importance of LUCC,
the land use simulation model has become an important
tool for the analysis of both the mechanism and the spatial
distribution of LUCC in the past and future [8, 9]. The land
use simulation models include Markov model, logistic function model, regression model, econometric model, dynamic
systems model, spatial simulation model, linear planning
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Figure 1: Land use allocation framework of GCAM.

model, nonlinear mathematical planning model, mechanistic
GIS model, and cellular automata model [10]. All of these
models may help to explore the combined effects of social
policies, individual behavior, and other drivers of the land
use change; however, most of them have some drawbacks.
For example, the Markov model has been widely used to
simulate the land use change, but it involves no spatial factors,
and the land use change cannot be spatially and explicitly
reflected. The CLUE-S model can comprehensively analyze
the regional LUCC process and driving force, but it can only
be used in the spatial allocation of land use changes so far,
while the nonspatial changes must be estimated with other
methods [11]. Therefore, although some models can be used
to simulate land use change, there are still some serious
drawbacks [12, 13]. Moreover, there were few global models to
simulate the LUCC, especially in the study of the interaction
mechanism among the social economy, climate change, and
LUCC. In some sense, the GTAP-AEZ model and the Global
Change Assessment Model (GCAM) are more useful in the
land use simulation, which can simulate the land use change
of each agricultural ecological zone (AEZ), combined with
the influences of social economy and climate change at global
scale [14–16]. However, the parameters of these models are
rough, and the simulation accuracy needs to be improved.
In the preparation for the fifth assessment report of the
Intergovernmental Panel on Climate Change (IPCC AR5),
the international community is developing new advanced
Earth System Models (ESMs) to address the combined
effects of human activities (e.g., land use and greenhouse
gas emissions) on the carbon-climate system. Besides, the
four representative concentration pathways (RCPs) scenarios
of the future (2005–2100) have been provided by the four
Integrated Assessment Model (IAM) teams, which are used
as input to the ESMs for the future carbon-climate projection
[17, 18]. This study aims to compare the simulation results
of land use change obtained with the GCAM and GTAPAEZ models and improve the simulation accuracy through
optimizing the input parameters of the models, and the
calibrated GCAM can be used to provide more accurate
reference information of land use change for the land use
planning and policy formulation to mitigate the climate
change in China.

2. Models
2.1. GCAM. GCAM is a dynamic recursive model of land
use and land cover, economy, agriculture, and energy, which
fully integrates the energy and agriculture systems with
economic equilibrium in the energy and agriculture markets
[19]. GCAM consists of four modules, that is, EdmondsReilly-Barnes (ERB) model [20, 21], Agriculture and Land
Use (AgLU) simulation model [22, 23], Model for the
Assessment of Greenhouse-gas Induced Climate Change
(MAGICC) [24], and Regional Climate Change Scenario
Generator (SCENGEN) [25]. The inputs of GCAM include
capital, labor, and initial land use allocation, all of which need
to be provided by researchers.
The land use allocation framework shows how the land
area is allocated among alternative land use types (Figure 1).
The markets in GCAM are defined for energy and agricultural
products, which are driven by factors such as the population,
labor productivity growth, and price of resources. The land
use allocation is achieved through the price mechanism in
the market (Figure 1); that is, the land use allocation is based
on maximization of the economic return in a region. The
economic return is represented with the profit per hectare,
which is the revenue (yield per hectare times price received)
minus the production cost (yield per hectare times nonland
cost per unit of input), as is shown in (1):
𝜋𝑟𝑖,𝑙,𝑚,𝑝 = 𝑦𝑖,𝑙,𝑚,𝑝 ⋅ (𝑃𝑖,𝑙,𝑚 − 𝐺𝑖,𝑙,𝑚 ) ,

(1)

where 𝜋𝑟𝑖,𝑙,𝑚,𝑝 is the economic return of the land measured
with the profit rate ($/ha⋅yr), 𝑦𝑖,𝑙,𝑚,𝑝 is yield per hectare of the
land use type 𝑖 in the AEZ 𝑝 (calories/ha), 𝑃𝑖,𝑙,𝑚 is the market
price of the product produced by the land use type 𝑖, 𝐺𝑖,𝑙,𝑚 is
the nonland cost per unit output, 𝑖 is an index for land use
type, 𝑙 is the region index, and 𝑝 is an index for agricultural
ecological zone (AEZ) within a region.
The calculation of the profit rate (𝜋𝑟) of forest products
is somewhat different due to the time lag between planting
and harvest, and it includes a term that converts the future
earnings into the present earnings as follows:
𝑟
⋅ (𝑃𝑖,𝑙,𝑚 − 𝐺𝑖,𝑙,𝑚 ) ,
𝜋𝑟𝑖,𝑙𝑚,𝑝 =
(2)
(1 + 𝑟)45 − 1
where 𝑟 is the interest rate ($/$, that is dimensionless).
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In order to determine the land area allocated to each land
use type, the shares of land use were numerically analyzed
based on the profit rates calculated with (1) and (2). Then
a simplified approach was used to allocate the land area in
each AEZ with the aim of maximizing the profit, with which
the maximum profit rate after the land use allocation in each
AEZ can be obtained, and subsequently the maximum profit
which is the core of the land allocation in each AEZ can be
calculated. Under the specific assumption of the functional
form of the yield, the share of land use allocated to the land
use type 𝑖 is given with a logit share equation as follows:
𝑆𝑖,𝑙,𝑚 =

𝜋𝑟𝑖,𝑙,𝑚 1/𝜆
,
∑𝑝 𝜋𝑟𝑖,𝑙,𝑚,𝑝 1/𝜆

(3)

where 𝜆 is a positive parameter that represents the percentage change of land use in response to the change of the profit
rate and 𝜋𝑟𝑖,𝑙,𝑚 is the average profit rate of the land use type
𝑖, which is evaluated with the average or intrinsic yield 𝑦𝑖 of
the land use type 𝑖.
The land area of a specific land use type is calculated based
on the total land area and the share of land use as follows:
Landuse𝑖,𝑙,𝑚 = 𝑆𝑖,𝑙,𝑚 ⋅ Totalland𝑙 .

the international capital mobility, endogenous capital accumulation, and the adaptive expectations of investment. This
model is distinguished for its disequilibrium mechanism of
determining the regional supply of investments. This disequilibrium mechanism includes the adjustment of the expected
rate of return toward an actual return rate within each region
and adjustment of the regional expected return rate toward
the global return rate. These lagged adjustment mechanisms,
as well as the mechanism of determining the composition of
capital and allocation of wealth, are parameterized according
to the econometric estimation documented by Golub (2006)
[29]. In the analysis of the equilibrium of land use, it is
assumed that the land is distributed among sectors for the
maximization of profits in each period with similar capital
and labor, although the land use does not change rapidly.
We split the total sector land rent into 18 AEZs according
to the AEZ-specific production shares derived from the data
provided by the Center for Sustainability and the Global
Environment (SAGE) [15] as follows:
𝐿 𝑐𝑎 = 𝐿 𝑐 ⋅ [

∑

𝑖∈SAGELANDUSE=𝑐

(4)
⋅

2.2. GTAP-AEZ Model. The GTAP-AEZ model is based on
the GTAP-E model, an extended version of the GTAP model
[26], which allows for the substitution between the capital and
energy and that between various fuels in sector production
(Figure 2). The equilibrium solutions were worked out using
the GTAP-AEZ model, with the potential future economic
activities assumed based on the RCP 4.5 scenario. The inputs
into the production include capital, labor, land, and other
intermediate inputs, and the GTAP-AEZ model takes full
account of substitutions among the input factors such as the
capital, labor, and land. Besides, there is a unique production
function for each land use sector in AEZs in the GTAPAEZ model, which reflects the difference of the productivity
between different AEZs. For example, the productivity of the
paddy rice production sector in AEZ 𝑖 is different from that
in AEZ 𝑗 [27, 28], and this difference can be reflected with
the production function of the paddy rice production sector.
Nevertheless, it is assumed that all the paddy rice sectors in
the same AEZ have a homogenous productivity and ability to
meet market demand.
We assume that transfer of land in a specific AEZ can
occur between sectors, for which the land is more appropriate, and we believe that the introduction of the AEZ can
render a sound presentation of sector competition for land.
This is a new assumption beyond the standard GTAP model,
in which it is assumed that the land is only transformable
between sectors of crop production, livestock breeding, or
timber plantation, regardless of climatic or soil constraints.
However, facts show that most plants can only grow under the
condition of certain temperature, moisture, soil types, land
form, and so forth.
The GTAP-E model is a multisector, multiregion, and
recursive dynamic computable general equilibrium model
that extends the standard GTAP model through including

𝑃𝑖 ⋅

𝑄𝑖𝑎
𝐻𝑖𝑎
𝐻𝑖𝑎

∑𝑎∈AEZS ∑𝑖∈SAGELANDUSE=𝑐 𝑃𝑖 ⋅ 𝑄𝑖𝑎 /𝐻𝑖𝑎 ⋅ 𝐻𝑖𝑎

]

𝑐 ∈ LANDUSE; 𝑖 ∈ SAGELANDUSE; 𝑎 ∈ AEZS,
(5)
where 𝐿 𝑐𝑎 is the land rent accrued to the land use sector 𝑐
in AEZ 𝑎; 𝐿 𝑐 is the land rent of the land use sector 𝑐, with
no AEZ distinction; 𝑃𝑖 is the per-ton price of SAGE’s land
use type 𝑖; 𝑄𝑖𝑎 is the production (ton) of SAGE’s land use
type 𝑖 in AEZ 𝑎; and 𝐻𝑖𝑎 is the harvest area of SAGE’s land
use type 𝑖 in AEZ 𝑎. The ∑𝑖∈SAGELANDUSE operator means to
aggregate over the disaggregated land use type 𝑖 to the corresponding aggregated land use type 𝑐. Note that we assume
that the per-ton land production price (𝑃𝑖 ) is homogenous
across the AEZs.

3. Scenarios
The Integrated Assessment Models (IAMs) explored a range
of technological, socioeconomic, and policy futures that
could lead to particular concentration pathways and magnitudes of climate change, which is represented by the
RCPs. The RCPs include four different scenarios (Table 1),
that is, one mitigation scenario leading to a very low
forcing level (RCP2.6), two medium stabilization scenarios
(RCP4.5/RCP6), and one very high baseline emission scenario (RCP8.5), all of which could be obtained with different
combinations of economic, technological, demographic, policy, and institutional futures. The development of the RCPs
in the first phase allows climate modelers to proceed with
experiments in parallel to the development of emission and
socio-economic scenarios, expediting the overall scenario
development process [18]. Coupled carbon-cycle climate
models can then as well calculate associated emission levels
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Figure 2: Framework of the GTAP-AEZ model.

Table 1: Description of RCPs.
Description
CP8.5
RCP6
RCP4.5
RCP2.6

Rising radiative forcing pathway
leading to 8.5 W/m2 in 2100
Stabilization without overshoot
pathway to 6 W/m2 at stabilization
Stabilization without overshoot
pathway 4.5 W/m2 at stabilization after
2100
Peak in radiative forcing at ∼3 W/m2
before 2100 and decline

Publication-IA
Model
MESSAGE
[30]
AIM [31]
GCAM [32]
IMAGE [33]

(which can be compared to the original emissions of the
IAMs) [34].
Two important characteristics of RCPs are reflected in
their names. The word “representative” indicates that each of
the RCPs represents a large set of scenarios in the various
literature. In fact, as a set the RCPs should be compatible
with the full range of emissions’ scenarios available in the
various current scientific literature, with and without the
climate policy. The words “concentration pathway” means to
emphasize that these RCPs are internally consistent sets of
projections of the components of radiative forcing that are
used in subsequent phases rather than the final new and fully
integrated scenarios; that is, they are not a complete package
of socio-economic, emission, and climate projections. The
use of the word “concentration” instead of “emissions” also
emphasizes that concentrations are used as the primary
product of the RCPs and designed as inputs to climate models
[35].
The RCP4.5 scenario is used in this study, under which
the land use change is simulated with GCAM. Besides, the
GTAP-AEZ model, which is similar to GCAM, is also used
to analyze the land use structure in AEZs, and the results
obtained with the two models were finally compared. The
RCP4.5 scenario is a stabilization scenario in which the
total radiative forcing is stabilized shortly after 2100, without
overshooting the long-run radiative forcing target level [36].

RCP4.5 includes long-term, global emissions of greenhouse
gases, short-lived species, and land use-land cover in a global
economic framework which stabilizes the radiative forcing at
4.5 Watts per square meter (W/m2 ), approximately 650 ppm
CO2 -equivalent in the year 2100 without ever exceeding
that value. The defining characteristics of this scenario are
enumerated in Moss’ papers [17, 18]. RCP 4.5 was updated
from earlier GCAM scenarios to incorporate the historical
emissions and land cover information and follows a costminimizing pathway to reach the target radiative forcing.
The necessity to limit emissions in order to reach this
target leads to the changes in the energy system, including
shifts to electricity, lower emissions energy technologies,
and the deployment of carbon capture and geologic storage
technology. In addition, the RCP4.5 emission price is also
applicable to the land use emissions. The simulated future
emissions and land use were downscaled from the regional
scale to the grid scale to facilitate the transfer to climate
models. While there are many alternative pathways to achieve
a radiative forcing level of 4.5 W/m2 , the application of the
RCP4.5 provides a common platform for climate models to
explore the response of the climate system to stabilize the
anthropogenic components of radiative forcing.

4. Results and Analysis
The results indicate that the land use areas in different
AEZs, which are obtained with the GCAM model and the
GTAP-AEZ model, are generally consistent (Figure 3). The
pastureland areas simulated with the two models differ most
greatly, but they are still generally consistent in different
AEZs. Besides, the results obtained with the GTAP-AEZ
model and the GCAM model both show that the grassland
is approximately equally distributed in different AEZs, but
the grassland area in different AEZs differs a bit more
greatly in the result obtained with the GCAM model. In
addition, the results obtained with the two models show that
the forestland is mainly located in AEZ9-AEZ12, while the
shrubland and cropland are mainly in AEZ7-AEZ13. What
is more, the built-up land, the area of which is the smallest,
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Figure 3: Simulated land use area in 14 AEZs in 2010 using the GCAM model (a) and GTAP-AEZ model (b) (unit: hectare).
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Figure 5: The comparison of land use area in China in 2010
simulated with the calibrated GCAM model, the GTAP model, and
the real values (unit: hectare).

is generally distributed in AEZ10. Through comparing the
results obtained with the two models, it is found that the
distribution of different land use types among AEZs is
approximately consistent, but with some difference in the
total areas of different land use types.

There is still some difference between the real land
use area and that obtained with the two models, and the
simulation result with the GTAP-AEZ model is better than
that with the GCAM model (Figure 4). The result shows
that the areas of cropland and forestry land simulated with

6
Table 2: The adjustment of GCAM input parameters in 2010 (unit:
%).
Input parameters
Previous parameters Adjusted parameters
GDP growth
10
10.4
Labor growth
0.4
0.4
Capital growth
12.6
12.8
TFP growth
0.9
1.1
Population growth rate
0.8
0.5

the GCAM model and the GCAM model are far higher
than the real one. The area of cropland obtained with the
GCAM model and the GTAP-AEZ model is 2.13 and 1.96
times larger than the real one, respectively. However, the
areas of grassland and built-up land simulated with the
two models are both lower than real values. This indicates
that there is still some inaccuracy in data of the land use
structure, industry structure, and social economic situation
of China in the global simulation. For example, the forest land
should be divided into economic forest lands and ecological
forest lands, but the forest land was not distinguished in this
study, which leads to the significant difference between the
simulated and real areas of the forest land.
There are an extremely complex socioeconomic structure
and land use structure in China, both of which have changed
greatly due to the rapid economic development of China and
consequently made it very difficult to accurately simulate
the land use change in China using models with static
data. For instance, the estate price in China has fluctuated
prominently during the past decades, but a static estate price
was first used in the GCAM model in this study, which makes
it obviously difficult to simulate the constantly changing
industrial structure in China. Therefore, it is necessary to
calibrate the models before simulating the land use change.
In order to more accurately simulate the change of the
land use structure in China according to the reality of China
and improve the precision of future scenario simulation,
we calibrated the parameters of the GCAM model and
the GTAP-AEZ model (Table 2). The influence of policy
intervention was included in the models according to the
specific national condition of China, and other parameters
were also calibrated. In this study, the price of agricultural
products was set to increase by 1.5 percent every year; TFP
will increase by 0.1 percent, and the annual population growth
rate will decrease from 0.8% to 0.5%. The results indicate that
the land use structure simulated with the calibrated GCAM
model becomes much more accurate than it was and has
more closely approached to that in the reality. Besides, the
simulation accuracy with the calibrated GCAM model is
much higher than that with the calibrated GTAP-AEZ model
(Figure 5).
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GTAP-AEZ are consistent, but also with some difference, and
the land use structure simulated with GTAP-AEZ is to be
more close to the real conditions in different AEZs than that
obtained with GCAM. For example, the consistence between
the forest land area simulated with GCAM and the real one
reached more than 80%, while that with GTAP-AEZ reached
only 37%. GCAM involves the driving factors of the rapid
economic development, which makes the simulation more
close to the reality. However, neither of the two models
takes account of the impacts of policies on socioeconomic
development, which also have great influence on the land
use change. Therefore, it is necessary to calibrate the models
through optimizing the model input parameters. When the
models are calibrated through adjusting these socioeconomic
parameters according to the specific conditions, the overall
simulation accuracy of GCAM reached 82%, while that of
GTAP-AEZ also reached 60%, indicating that it is possible
and necessary to improve the simulation accuracy through
optimizing input parameters of the models according to the
specific conditions.
In recent decades, more and more land use simulation
models have developed, but it is still a hard task to implement
the calibration of input parameters of these model. In the
study, the land use structure of China in 2010 under the RCP
4.5 climate change scenario was simulated with GCAM and
GTAP-AEZ, both of which were further calibrated through
adjusting the input parameters, focusing on comparing simulation accuracy of the two models. The result indicates that
the areas of cropland and forest land simulated with the two
models were higher than the real one, while the simulated
areas of grassland and built-up land were lower than the real
values, and the simulation accuracy was greatly improved
after the model calibration. However, due to the uncertainties
of climate change, economic development, and other factors,
it is very difficult to accurately simulate the long-term land
use change in the future, and therefore it is necessary to
implement more in-depth research on how to optimize the
parameters according to the specific conditions in the future.
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5. Conclusion and Discussion
This study simulated the land use change in China under
the RCP 4.5 scenario with GCAM and GTAP-AEZ models
and compared the simulated and real land use structures.
Overall, the simulation results obtained with GCAM and
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