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Abstract. 
Land Use/Land Cover change (LUCC) is a key aspect of global environmental change, which has a significant impact on climate change. In the background of increasing global warming resulting from greenhouse effect, to understand the impact of land use change on climate change is necessary and meaningful. In this study, we choose China as the study area and explore the possible land use change trends based on the AgLU module and ERB module of global change assessment model (GCAM model and Global Change Assessment Model). We design three scenarios based on socioeconomic development and simulated the corresponding structure change of land use according to the three scenarios with different parameters. Then we simulate the different emission of CO2 under different scenarios based on the simulation results of structure change of land use. At last, we choose the most suitable scenario that could control the emission of CO2 best and obtain the relatively better land use structure change for adaption of climate change. Through this research we can provide a theoretical basis for the future land use planning to adapt to climate change.


1. Introduction
LUCC is a significant performance of the material and energy interactions between human and global environment [1–3]. It not only affects the geographical distribution of terrestrial ecosystem patterns and productivity but also objectively reflects how human influence biogeochemical cycles and the structure and function of ecosystem [4–7]. Land use refers to all the activities to develop and utilize the land use on purpose; for example, agricultural land, industrial land, traffic land, residential land, and so forth, are all the land use types. Advanced methods have also been used by scholars in the classification of land use; Jiang et al. used the ANN and Dempster-Shafer theory to get a more detailed classification of land use [8]. LUCC is one of the International core research program of International Geosphere-Biosphere Programme (IGBP) and the Global Environmental Change Human Dimensions Programme (IHDP), which also is one of the new research field and global environmental research focus in earth system science [9]. A lot of scholars had come to realize the important research significance of LUCC, and some studies showed that there was a very close relationship between land use changes and climate change. Dale pointed out that land use change was related to climate change as both a causal factor and a major way in early 1994 [10]. Studies of Hao and Ren showed that LUCC had a profound influence in climates, biogeochemistry, and biological diversities; the response of ecoenvironment to LUCC had become the core problems both in the fields of global climate change research and land use change research [11]. 
LUCC was the core of all related sustainable development issues; according to the IGBP and IHDP research reports, social and economic driving force could be divided into direct and indirect factors and the indirect factors included demographic change, affluence, technological development, political economy, political structures, views, and values [12]. Scholars conducted a lot of research on LUCC to reveal the relationship of land, environment, population, and social development. Then it could promote the precision of simulation and prediction for the land use change on the base of grasping the causal relationship between socioeconomic driving forces and land use, which would offer the references for the rational utilization of land resources [13].
According to the latest study results of the 2012 United Nations Environment investigation team, the emission of CO2 had become the main research compared with other global greenhouse gas, and its share of total greenhouse gas emissions reached more than 80%. With global warming becoming increasingly serious, it is urgent to mitigate the climate worsening. Controlling CO2 emissions is becoming more and more important. Therefore, from then on, the impact of land use change on climate change draws more and more attention to researchers. Bonan analyzed the driving mechanism of climate change for the forestry area changes [14]. Wang et al. studied the effects of urbanization level on climate change, and the results showed that urbanization would cause the temperature growth [15]. Kalnay and Cai had also revealed that half of decrease observed in diurnal temperature was influenced by urban and land use changes [16], which reflected human activities playing important driving forces role on climate change.
With the development of economy and the increasing of population and resource consumption, the environment in China has gradually degraded. Zhuang et al. considered the impacts on land use from the view of energy supply by a multifactor analysis and proposed a combined planting zonation strategy [17]. Anderson et al. studied the influences of climate change on agricultural economy [18]. Li et al. proposed an evaluation approach to assess urban sustainable development by measuring indicators for supporting urban ecological planning [19]. Hu et al. studied the low-carbon development of China and gave an outlook of China’s economy growth, energy-electricity demand, renewable power generation, energy conservation, and emissions mitigation until 2030 in an Economy-Energy-Electricity-Environment (E4) coupled framework [20]. Zhang et al. took a meticulous research to quantify the relationships among economic growth and energy consumption and CO2 emission, and showed that there were sensitive impacts among them [21]. These studies had revealed that there were a close link among human activities, land use change, and climate change through different horizons, and applied different methods to find out an appropriate economic development route.
In this study, China as the study area, we studied how LUCC influence CO2 emissions and tried to reveal the function of LUCC to CO2 emissions. To achieve the goal above, AgLU module of GCAM model was applied to simulate land use changes in the future and then combined with ERB module to simulate CO2 emissions based on the simulated land use change. Results of this study showed that socioeconomic factors play an important role in land use change and climate change. We came out with that coordinated environmental sustainability scenario (CES) is the more proper scenario, which not only protects the environment, but also promotes the economic development. In CES scenario, it reflects the sustainable development, which is more suitable for the development of China. Therefore, through the comparison of scenarios’ results, we can obtain the more suitable sustainable development route of China based on the future structural change of land uses, which is meaningful to achieve the goal of sustainable development.
2. Data
2.1. Land Use Data
In the paper, we used TM/ETM images from 1990 to 2010 as the data source, which were derived from the Resources and Environment Data Center of the Chinese Academy of Science [22]. The Landsat TM/ETM (Enhanced Thematic Mapper) data were further grouped into six aggregated classes of land cover, we used the five types land use: cultivated lands, forest lands, grasslands, unused land, and built-up areas including urban areas. Cultivated lands include paddy and dry farming land. Forest lands include forest, shrub, and others (e.g., orchards). Grasslands include three density dependent types: dense, moderate, and sparse grass. Unused land includes sandy land, Gobi, Salina, wetland, bare soil, bare rock, and others such as alpine desert and tundra. Built-up land includes urban area, rural settlements, and others such as roads and airports.
2.2. Socioeconomic Data
Socioeconomic data include the population, population density and growth rate of per capita income, the proportion of agricultural population, urbanization ratio, GDP, and price index of oil, gas, coal, and hydropower, from 1990 to 2010. Among them, population, GDP, population density, proportion of agricultural population, and urbanization ratio are derived from the Statistical Yearbook of China and the provincial statistical data [23]. Price index of natural gas, coal, and hydropower are mainly extracted from the Energy Statistics Yearbook; average household income growth ratio is obtained by looking for literatures and other relevant information, which reached about 11.24% from 1990 to 2010. Population, average income growth ratio, and commodity market prices are the main parameters of AgLU module; the relevant specific data will be given in the section of scenario design.
3. Methods
3.1. GCAM Model
The GCAM model is an integrated assessment model of moderate complexity focused on energy and agriculture sectors and a long-term, partial-equilibrium model designed to examine long-term, large-scale changes in global and regional energy system where the characteristics of existing capital stocks are not the dominant factor in determining the dynamics of the energy system. The markets in GCAM are defined for oil, gas, coal, biomass, carbon, and agricultural products. Driven by the factors, such as population, labor productivity growth, and the supply and demand of resources in market, the goal of optimal land use allocation can be achieved through AgLU module. Besides, through incorporation of the ERB module, the emissions of greenhouse gases can be calculated [24].
The GCAM model can be conceptualized as consisting of four modules: Edmonds-Reilly-Barnes model (ERB [25–27]), Agriculture and Land Use model (AgLU [28, 29]), Model for the Assessment of Greenhouse-gas Induced Climate Change (MAGICC [30]), and Regional Climate Change Scenario Generator (SCENGEN [31]) (Figure 1).



	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
	



	
		
		
		
		
		
		
		
	


	
		
		
		
		
	



	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
	



	
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
	


	
		
			
		
			
		
	


	
		
		
			
		
		
			
		
	



	
		
			
		
			
		
		
			
		
	


	
		
			
		
			
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	













Figure 1: The framework of GCAM model.


3.2. Land Allocation
The land allocation diagram shows how land is allocated among alternative land uses. Selection of land use is based on maximizing economic return at each location. Profit per hectare is equal to revenue (yield per hectare times price received) minus production cost (yield per hectare times nonland cost per unit of output). This relationship is shown in (1)
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) calculation for forest products is somewhat different because of the time lag between planting and harvest. The profit rate expression for forest products includes a term that discounts future earnings into the present and levelizes those earnings over 45 years; this forward price is denoted by 
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To determine the share of land allocated to each land use type, land use shares would, in general, be calculated numerically, by summing over the land distributions implied in (1) and (2). In the usual integrated modeling context, however, we wish to work on large regional scales. We used instead a reduced-form expression for land shares that effectively sums over the index 
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 in (1) and (2) based on maximizing profit rates which is at the core of finding land shares that provide the yields leading to maximum profits.
With specific assumptions on the functional form of the yield distribution, the share of land allocated to use 
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Land use for a specific purpose is calculated based on this logit-based share of total land:
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3.3. CO2 Emissions
Carbon emissions are accounted for in two separate categories, those from industry and fossil fuel use and those as net land-use emissions. This is necessary because land-use emissions have different implications for the carbon-cycle than industrial emissions. Industrial emissions are the sum of emissions from fossil-fuel production and from cement production.
3.3.1. CO2 Emissions from the AgLU Module
Carbon emissions from land-use change are calculated as the difference in carbon stock between periods. The land allocated to crops, pasture, forests, commercial biomass, and unmanaged land changes over time in response to changing demands, income, agricultural technologies, and prices of agricultural products. Each regional land-use category is assigned a carbon density for soils and above ground plant material. Changes in land use are translated directly to changes in carbon stocks with net carbon emissions equal to the product of land use changes multiplied by carbon densities for each land-use class. Historical land use changes are used when vegetation change and soil emissions are calculated for the first time period and for soils when the more refractory carbon decays (slower) in subsequent time periods.
For crops, pasture, forests, and unmanaged land the carbon emissions from above ground are calculated as follows:
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For soils the carbon emissions are not only based on changes in land use but also on a fractionation of the carbon according to decay rates. Thus, 60% of the soil carbon is assumed to decay when land use change occurs during the simulated time period (
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3.3.2. CO2 Emissions from ERB Module
In the ERB module carbon dioxide emissions from fossil fuel use are calculated after global fuel demands have been determined. Emissions are equal to the carbon emission coefficient times the amount of fuel used. Emissions associated with energy transformations (synthetic fuels, electricity generation, and hydrogen production) are allocated to the region where the transformation occurs.
Conventional oil, gas, coal, and biomass emissions are calculated as follows, which include, if the 
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For each of the end-use sectors emissions are based on fuel mode demands, attributing shale oil production emissions and flared emissions to the industrial sector. Thus, for transportation, buildings, and industry, consider the following:
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4. Scenarios
4.1. Socioeconomic Analysis on China
With a rapid development of economy in China in the past 30 years, GDP has a great increase, from 364.52 billion Yuan at the beginning of reform and opening up to 34.05 trillion Yuan in 2009, with an average annual GDP growth rate of 9.6% which is far higher than those of other countries in the period of economic takeoff. Meanwhile industrialization and urbanization developed rapidly, urbanization level rose from 18% in 1978 to 46.6% in 2009, and it will reach 65% by 2030. Urbanization and the resultant expansion of urban population will directly bring about the growth of consumer demand, on the one hand, and put forward more requirements for urban infrastructure investment on the other hand. The development of industrialization and urbanization will certainly exacerbate some structural contradictions, which will raise the cost of labor, land, natural resources, and social undertakings. However, industrialization and urbanization are still the main internal drives for economic growth for a long time.
China’s population has stepped into the modern population growth phase with the character of “low birthrate, low death rate, and low growth” since the early 21th Century. Some studies have shown that the number of population will reach the peak around 2030 and then the total population may begin to gradually decline and it will enter the a negative growth phase. After 2015, China’s working-age population has been declining, and China’s labor supply will gradually decline in the next 20 years.
According to preliminary statistics report released by National Bureau of Statistics, the proportion of the added value of first, second, and tertiary industry to GDP was 10.2%, 46.9%, and 42.9% in 2010. In comparison to 1990, the proportion of primary industry decreased by 16.9%, while the secondary industry and tertiaries industry increased by 5.6% and 11.4%, respectively. Overall, the industrial structural changes in the past 20 years sustained the main changing characteristics as it was since the 1970s in China; namely, the proportion of primary industry was declining, the secondary industry consolidated its position, and the tertiary industry has been significantly increasing. In addition, the industrial structure will be further optimized in the future.
As the continuous expansion of global economic development scale, the demand for resources and energies will continue to grow; the supply-demand balance of resources and energy also has an important influence on energy and resource prices such as oil, natural gas, coal, and other major energy. Since 1978, the proportion of China’s hydropower consumption in primary energy consumption increased year by year, increased from 3.4% in 1978 to 7.2% in 2005. In 2008, coal accounted for 67%. According to China Statistical Yearbook, in 2009 in China the total energy production was 2.75 billion tons, while the consumption have reached 3.07 billion tons, so there was a gap between consumption and demand. Meanwhile, in China’s total energy productions, coal and oil accounted for a large share, in which the percentage of coal was 70.4%, the oil was 17.9%, and natural gas accounted for only to 3.9%. While the hydropower, nuclear power, and wind power are relatively slow growth and only accounted for 7.8% of total. However, with the gradual lack of resources and energy, the impacts and constraints of the resources and energy on human socialeconomic development will become more and more obvious. According to the forecasts of International Energy Agency and the US Department of Energy, despite global demand for energy resources continuously grew between 2005 and 2030, the overall supply and demand will be close to equilibrium in the future.


4.2. Scenarios Design
According to the characteristics of socialeconomic development in the past 30 years, we design three kinds of socialeconomic development scenarios, that is, Business as usual scenario (BAU), Rapid economic growth scenario (REG), and coordinated environmental sustainability scenario (CES).
Firstly, the BAU scenario is designed according to the economic development process and the structural characteristics in China combining the factors with the most possible changes such as population, factor endowments, and technological advances. This kind of scenario reflects the likely changing trends of socialeconomic development and also provides a reference which can be compared with other scenarios. Then we design the REG scenario to explore the land use change under the development mode of accelerating the socialeconomic development. In addition, taking into account the future challenges faced by domestic development as well as growing environmental pressures in the future, the CES scenario is also designed to simulate the possible land use changing trends under the combined effect of these risk factors.
4.2.1. BAU Scenario
In a long term, changes in labor supply, investment and improvement in productivity, determine the overall economic growth situation. Labor supply depends on the total population and population age structure, while the corresponding total population age structure and the total labor change have significant effects on the labor force immigration. Population growth is impacted by plenty of factors such as the family planning policy, improvement of people’s living standards, lifestyle changes, and so on, but the main influence factor is the national population policy. In this study, population growth is exogenous variable and the forecast population data are from the CASS and Institute of Population and Labor Economics is applied. According to this forecast, China’s population peak will occur in 2037 with a population of about 1.47 billion, while the working-age population peak will appear in 2017–2027 with about 10 million. According to the proportion of labor forces to the working-age population labor in 2006, the total labor resources in the whole country will be the about 820 million at the moment when the working-age population is in the peak, and it will increase by 40 million in comparison to 2006.
Productivity improvement is mainly reflected as total factor productivity (TFP) changes in the model. Through studies on total factor productivity in the past 30 years, it can be found that there are amounts of factors affecting the TFP in China, such as institutional reform, human capital spillover effect, technological capital, market reform, urbanization, foreign investment effect, foreign trade effect, infrastructure and administrative costs, final consumption rate, and so on. Although the specific quantitative research results have obvious differences, most of the studies show that the average annual growth rate of TFP in China is between 2% and 4%. From a long-term perspective, some significant factors of promoting the TFP growth will continue to play an important role; for example, system reform will further be deepened, urbanization will steadily be pushed forward, the rural labor force will continue to be migrated, human capital will be accumulated, and so on. Therefore, in the BAU scenario, the model assumes that the average annual growth rate of TFP continues to follow the development ratio in the past during 2008–2050 and remain at the level of about 2%.
China’s demand for energy has surged to fuel its rapidly expanding industrial and commercial sectors as well as households experiencing rising living standards. B. Lin research showed that from 1999 to 2008, the average growth rate of coal production of China was 11.37%, which was almost twice as much as that of 5.81% from 1982 to 1996, In 2008, coal production in China rose to 2716 million tons (40% of global coal production) [32]. Studies of Liu et al. showed that the average energy consumption has risen by 5.2% since 1978, while during 2001–2007, the primary energy consumption has soared through an average annual increase of 9.8%, and the GDP has increased by 10.2% in the same period [33]. Besides, the Chinese Academy of Social Sciences takes consideration of population growth, economic growth and structural change, technological progress, environmental impact and energy security, and other factors predicted modeling results; in 2050 primary energy demand will reach 3440 Mtce~41502 Mtce. The structure of energy get improved significantly, and the proportion of coal in primary energy consumption from 60% in 1990 (excluding biomass 76.2%) declined to 47.7% in 2050 (51.9%), while oil and gas from 14.8% (18.7%) increased to 26.3% (28.6%). Primary energy supply capacity would increase from 1302 Mtce in 1990 to 2980 Mtce~3740 Mtce in 2050, where: coal 2500 Mtce~2700 Mtce, crude 100 Mt~200 Mt, and natural gas 120 billion cubic meters to 1,400 cubic meters.
In the scenario of BAU, it assumes that urbanization and industrialization will continue to be pushed forward, the level of urbanization will increase 0.35–0.55% per year, and it will be expected to be 52% in 2015, 65% in 2030, and up to around 70% in 2050. Taking into account the international economic environment and comparative advantage changes in China, export growth rate will gradually reduce in this kind of scenario. The trade surplus will continue to exist in a long time with a gradually declining trend and achieve the basic balance between import and export by 2050 and would rise steadily in 2050–2100 (Table 1).
Table 1: Economic growth under the BAU scenario in 2008–2100 (unit: %).
	

	 	2008~2010	2011~2015	2016~2020	2021~2025	2026~2030	2031~2040	2041~2050	2051~2075	2076~2100
	

	GDP growth	8.7	7.9	7.0	6.6	5.9	5.6	5.5	4.6	3.9
	Labor growth	0.4	0.5	0.0	0.0	−0.3	−0.3	−0.4	−0.6	−0.9
	Capital growth	12.6	9.4	8.4	7.8	6.7	6.2	5.9	5.4	4.8
	TFP growth 	0.9	2.0	2.0	1.9	2.0	1.9	1.9	1.9	1.8
	



4.2.2. Control Scenario One: REG Scenario
In the REG scenario, it assumes that the reforms will be putted forward quickly and smoothly, the role of market in the allocation of resources will be enhanced obviously, structural adjustment will be vigorously promoted, and the economic growth pattern will make progress. The specific settings include: (1) the price of all kinds of resources will be straightened out, and there will be a more rational allocation for resources. The external cost of economic activities will be internalized by the means of taxation, energy, and resource use efficiency will be improved. (2) We adjust the public expenditure structure of government and increase the proportion of the expenditure of education, medical and scientific research, and social welfare. Many studies have found that the low proportion of government spending on public services is one of the significant reasons leading to a lower consumer will, so adjusting the structure of government spending is helpful to expand the consumption, and promote the coordinated development of the structure of consumption and investment. (3) Eliminate the barriers to labor force immigration and accelerate the process of urbanization. Urbanization is the significant drivers to promote the optimal allocation of resources, economic growth, and industrial structure adjustment. (4) Intensify to the development of support service and industrial structure was further upgraded. In this model, the accelerated development of services is reflected by the higher TFP growth and lower tax levels (Table 2).
Table 2: Economic growth under the REG scenario in 2008–2100 (unit: %).
	

	 	2008~2010	2011~2015	2016~2020	2021~2025	2026~2030	2031~2040	2041~2050	2051~2075	2076~2100
	

	GDP growth	8.7	8.4	7.2	6.6	5.8	5.7	5.6	4.9	4.3
	Labor growth	0.4	0.5	0	0	−0.3	−0.4	−0.4	−0.8	−1.2
	Capital growth	12.6	9.2	7.5	6.8	5.5	4.6	3.9	2.9	2.1
	TFP growth 	0.9	2.7	2.7	2.6	2.6	2.6	2.5	1.9	1.8
	



4.2.3. Control Scenario Two: CES Scenario
CES scenario mainly considers the following aspects of changes: (1) slower urbanization. Slower urbanization not only restricts the smooth and effective immigration of labor force, but also the upgrading of consumption structure and industrial structure optimization. (2) Slow recovering of the world economy, serious trade protection, and slow export growth. Exports are the significant motive force of economic growth, the annual growth rate of China’s exports has been over 20% since 2000. The proportion of exports to GDP has also gradually increased, which was about 23.3% in 2000, while the proportion of exports to GDP (including goods and services) reached 36.9% in 2008 with an increase of 13.6% during 8 years. In the situation with slow economic growth, industrial structure adjustment, and optimization will also be more difficult. (3) Higher international energy prices and restricted energy imports. In recent years, with the rapid economic development, the dependence on some kinds of resources especially crude oil and iron ore was also rising. In 2007, China produced 186 million tons of crude oil and imported 211 million tons, so the imports have exceeded domestic production. Once the international energy and resource prices rise, energy imports are restricted, which will be a greater constraints to economic development. (4) Slow progress in system reform and slow technological innovation and efficiency improvement. If the innovation ratio is slow, it may cause slow efficiency improvement, and result in the slow conversion of development patterns and slow growth rate. Under this scenario, the TFP value is lower than that under the BAU scenario by 0.4% (Table 3).
Table 3: The economic growth under the CES scenario in 2008–2100 (unit: %).
	

	 	2008~2010	2011~2015	2016~2020	2021~2025	2026~2030	2031~2040	2041~2050	2051~2075	2076~2100
	

	GDP growth	8.7	7.0	5.7	5.1	4.3	3.5	2.8	2.6	2.3
	Labor growth	0.4	0.5	0.0	0.0	−0.3	−0.3	−0.4	−0.5	−0.8
	Capital growth	12.6	9.2	6.9	6.1	4.9	4.2	3.4	2.5	1.8
	TFP growth 	0.9	1.3	1.6	1.4	1.5	1.3	1.2	1.1	0.9
	



5. Land Use Changes under Different Scenarios
5.1. Accuracy Analysis of Land Use Simulation
GCAM model was applied to simulate the land use for the cultivated land, forestry area, grassland, built-up area, and unused land in 1990, 2005, and 2010. We took an accuracy analysis of land use simulation according to the comparison of simulated land use and real land use in 1990, 2005, and 2010 (Figure 2, Table 4).
Table 4: The simulation accuracy of land use allocation (unit: %).
	

	 	Cultivated land	Unused land	Forestry area	Grassland	Built-up area	Average error	Total average error
	

	1990	−14.63%	−5.06%	15.61%	−12.72%	1.74%	9.95%	8.67%
	2005	−7.50%	3.23%	−12.35%	14.03%	−2.85%	7.99%
	2010	−5.21%	2.93%	−12.56%	13.75%	5.92%	8.07%
	












	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	
	
		
		
	
	
		
	


	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
		
		
		
		
		
		
		
		
	


	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	





	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	

(a)












	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	
	
		
		
	
	
		
	


	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
		
		
		
		
		
		
		
		
	


	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	


	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	











(b)
Figure 2: Comparison of simulated land use and real land use: (a) the real land use area in 1990, 2005, and 2010; (b) simulated land use area in 1990, 2005, and 2010 (unit: 1000 km2).


As seen from the comparison of simulation results and real land use in 1990 2005 and 2010 in Figure 2, it is found that the simulation results is similar with the real land use change. Cultivated land show increases due to population growth and domestic demand expansion. A larger demand for timber because of social and economic development, so that forestry area shows a downward trend overall, but the decreasing ratio is declining. As for the grassland, overgrazing has caused serious area shrinking. In the past decades, with a rapid economic development, urbanization is rising all the way and it brings about the built-up area keeping expanding in recent years. The unused land are assumed to be unchanged in the GCAM model, it would not be concerned about in future simulation. Besides, according to the accuracy analysis in Table 4, the total average error is about 8.67%, which shows good simulation accuracy. So it is proper to simulate the land use change trends of China.
5.2. Simulation of Land Use Change under Three Scenarios
5.2.1. Land Use Change under BAU Scenario
In the BAU scenario, using GCAM model we simulated and obtained land use change trends in the drive of inertial socioeconomic growth (Figure 3).
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(c)
Figure 3: Land use change trends of China under BAU scenario during 1990–2095: (a) land use change trends of cultivated land, forest land, grassland, and built-up land; (b) trends of managed and unmanaged forest land; (c) trends of grazed and other grassland (unit: 1000 km2). 


As shown in Figure 3, under BAU scenario, cultivated land increases first and then decreases. The total forestry area is relatively stable, while the managed forestry area show a downward trend during 1990–2005, then increased gradually after 2005, and stabilized in 2080. The unexplored forestry area reduces before 2080, and then step into a stage of steady increase. Due to expansion of the range of human activities, the managed grassland goes up until 2065, and then it is in a steady stage during 2065–2095. As for the unexplored grassland, it declines from 1990 to 2050 and tends to be stable after then. The total grassland also decreases first and then becomes in a stable condition. Urban area under BAU scenario has no significant expansion, but it will still increase steadily, and the extent is relative small. Because of the current rapid development, more food demand requires more cultivated land, thus, cultivated land increases rapidly, and it will reach the maximum before the middle of 21st century. With the technological development, agricultural productivity increases gradually, and the decreasing dependence on cultivated land needs less cultivated land, so that cultivated land decreases all the way since the middle of 21st century, and the rate of declining will gradually increase first and then gradually decrease.
5.2.2. Land Use Change under REG Scenario
In REG scenario, socioeconomic development accelerated, under the drive of socioeconomic and, simulation results with GCAM model, we obtained the land use change trends (Figure 4).
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(c)
Figure 4: Land use change trends of China under REG scenario during 1990–2095; (a) land use change trends of cultivated land, forest land, grassland, and built-up land; (b) trends of managed and unmanaged forest land; (c) trends of grazed and other grassland (unit: 1000 km2). 


The simulation results of land use under the REG scenario show that the obvious land use characteristics is that urban area increased significantly due to the rapid urbanization. Cultivated land still increases first during 2010–2035 and then decrease after then. Accelerated economic development promotes the rising demand for timber, so as shown in Figure 4 the total forestry area decreases significantly, and the explored forestry area increases all the way. Rapid economic development accelerate the scarcity of resources; moreover, the demand gap will be widened under the development scenario, so the total area of ​ ​grassland is in a downward trend, the unexplored grassland reduces all the way, while the explored grassland grows obviously. Under this scenario, it can be seen than explored grassland has been seriously damaged due to the grazing.
5.2.3. Land Use Change under CES Scenario
In CES scenario, the speed of socioeconomic development slowed down; under the drive of socioeconomic and simulation results with GCAM model, we obtained the land use change trends (Figure 5).
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(c)
Figure 5: Land use change trends of China under CES scenario during 1990–2095: (a) land use change trends of cultivated land, forest land, grassland, and built-up land; (b) trends of managed and unmanaged forest land; (c) trends of grazed and other grassland (unit: 1000 km2). 


According to Figure 5, cultivated area increases from 1990 to 2035 and decrease after then under CES scenario. As for the forestry area, the implementation of conservation measures has protected the forestry area excellently, so the forestry area increases all the way from 2005 to 2050, although it decreases during 1990–2005. After 2050, it will make small range of reduction. The unmanaged forestry area has been reduced all the time, while it will rise after 2070. The total forestry area decreases first and then there is an increase trend due to the implementation of environmental conservation strategy. Grassland decreases during 1990–2030 and then increase after 2030. According to Figure 5, the unexplored grassland has been in a downward trend during 1990–2065, and then become stable after 2065, while the explored grassland increases obviously. Therefore, CES scenario has positive effect on the protection of environment, and it is consistent with the model of sustainable development and low-carbon economic development. Of course, urbanization still plays an irreplaceable positive role in the process of socialeconomic development, and the built-up area also has an increasing trend under CES scenario.
6. CO2 Emissions Resulting from Land Use Change
As shown in Figure 6, under the BAU scenario, CO2 emissions will have a certain amount of increase in the coming decades and begin to drop down around 2065; however, it will be extremely slow. CO2 emissions will continue to accumulate over the next 50 years, and CO2 emissions are maintained at the relative high level for a long time under the BAU scenario. Therefore, although it will not cause the serious pressure on the environment under the BAU scenario, the negative effect is still profound, and it is not suitable for the current environment. Under the REG scenario, CO2 emissions are at a higher level compared with the other two kinds of scenarios. CO2 emissions have the rising trend all the time. The greenhouse effect is serious currently, so controlling the CO2 emission is the primary objective of developing the low carbon economy around the world. It can be seen from the simulation results of the REG scenario, although it can obtain the rapid economic development, it is contrary to the strategic goal of sustainable development. Therefore, the REG scenario cannot meet the requirements of social development. It is different under the CES scenario 
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 emissions are beginning to show a downward trend in 2030 and have maintained a low level after 2070, close to the level in 1990s. This kind of scenario is beneficial to protect environment and relieve the environmental pressures in line with the strategic objectives of sustainable development. Besides, it ensures the steady development of social economy as well. Therefore, this kind of scenario achieves double win, not only protect the environment, but also promote the economic development. Thus, the CES scenario is the most suitable scenario.










































































































































	
		
	


	
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	

Figure 6: CO2 emissions under three scenarios during 1990–2095 (unit: MTC).


7. Conclusions and Discussion
In this study, three kinds of scenario; that is, BAU scenario, REG scenario, and CES scenario are designed. We use the GCAM model to simulate the land use change from 2015 to 2095 and estimate the impact of land use on CO2 emissions under the drive of social economy and finally find which kind of land use change can adapt to climate change. The conclusions are obtained as follows.(1)The BAU scenario kept the development trend in the past decades, and there is still a relatively high speed of economic development. However, it needs time to digest and absorb the great achievements brought by rapid economic development in the coming period in order to make all the aspects adapt to the development requirement, such as the promotion of the environmental protection technology, the rationalization of emission standard, and the further narrowing of urban and rural gaps. When the whole society adapts to the economic development achievements, the bubble economy cannot be formed, and the future economy will show more steady improvement. The simulation results indicate that the CO2 emissions will be at an extreme high level for a long time in China under the BAU scenario. The government should take the appropriate measures or polies at different stages to meet the real requirements of socialeconomic development. Therefore, the baseline scenario is not suitable for the future CO2 emission control.(2)Under the REG scenario, the rapid growth of GDP and population brings about the increasing pressure on the environment. The adjustment of industrial structure especially the rising proportion of secondary industry will lead to the growing of energy consumption and demand, the total amount of exploitation and import of oil, while natural gas and coal is obviously increasing. Besides, the rapid urbanization will consume more energy and resources. According to the simulation results of this scenario, CO2 emissions will rise sharply and stay at an extreme high level, and it does not meet the sustainable development and low-carbon economic development model. Moreover, this scenario will lead to serious environmental crisis. Therefore, it is undesirable.(3)The CES scenario focuses on the purpose of environment protection and controls the growth rate of GDP and population. The setting for the urbanization level is consistent with the one under the BAU scenario in order to avoid further pressure on the environment. And the adjustment of industrial structure is to vigorously develop the tertiary industry to reduce the proportion of the first industry and control the development of the secondary industry. Under this scenario, the industrial structure optimization can be sped up, and the CO2 emission can be effectively controlled. Therefore, this kind of scenario is more suitable for China.
This study is closely related with the socioeconomic factors and climate change through taking the land use change as the core influencing factor of climate change and the socioeconomic development as the driving force, and the results of this study are of great practical significance and far-reaching research value. However, there are still some shortcomings in this study. At first, there are various factors of the socioeconomic development, which were not taken into account in the scenario design. Therefore, it is necessary to implement more detailed analysis of the socioeconomic drivers of land use change in the future study. What’s more, the impacts of socioeconomic factors on the land use change are represented in the approach parameterization, which have some limitations since they failed to thoroughly reveal how the socioeconomic development influences land use change. Meanwhile, only three scenarios, which can set the general direction of socioeconomic development, were designed in this study, but they cannot provide more specific details. Therefore, more scenarios should be designed in the future research so as to fully reveal the best land use change to adapt to the climate change, for example, more specific scenarios of the same type can be designed under the CES scenarios.
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