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1 Introduction
Human activities drive spatio-temporal changes in land use 
that in turn cause subsequent changes in land use functions. 
In China, the land use sectors are highly dynamic and of 
particular importance for global sustainable development 
because of China’s large size.

As a result of China’s rapid economic growth during 
the last 20 years, environmental pollution and the growing 
scarcity of natural resources are becoming increasingly 
serious problems. In this regard, the Chinese Government 
recently realized that past policies had emphasized 
economic development at the expense of environmental 
protection. As a result, the government’s new sustainable 
development strategy has the objective of constructing a 
society that is in harmony with the environment and meets 
the expectations of the people from all ethnic groups for a 
better life. This philosophy is now a key aspect of China’s 
national policy framework, and is being guided by a 
new scientific perspective on development, the Scientific 

Outlook on Development. The Scientific Outlook on 
Development takes development as its essence; prioritizes 
people as its core; adopts comprehensive, balanced, and 
sustainable development as its basic requirement; and 
takes a holistic (overall) perspective as its fundamental 
approach. It is an important guiding principle for China’s 
economic and social development and a major form of 
strategic thought that is currently being applied to attain 
sustainable development. As a result, China is beginning 
to focus its efforts on promoting balanced development 
to ensure sound and rapid economic growth. To do so, 
China will promote a conservation culture by aiming 
for an energy- and resource-efficient and environment-
friendly industrial structure and pattern of growth and 
mode of consumption, for a balance between urban and 
rural development, and for improved energy, resources, 
ecological and environmental conservations that will 
enhance China’s capacity for sustainable development.

However, decision makers face significant difficulties 
in anticipating the complex interlinkages that determine 
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land use and the future impacts of land use policies on 
sustainability. Design of policies to promote and protect 
sustainable land use requires robust tools for the ex-
ante assessment of the impacts of various scenarios on 
environmental and socioeconomic sustainability. However, 
there are few tools that support ex-ante cross-sectoral 
analysis of the impacts of policy proposals on land use 
while covering the social, ecological, environmental, and 
economic dimensions of sustainability. 

One possible solution involves the SENSOR approach 
(Helming et al. 2008), an European approach that delivers 
ex-ante impact-assessment tools that support decision 
making on policies related to sustainable multifunctional 
land use. The tools are designed as meta-modeling toolkits, 
in which global economic trends and policy scenarios are 
translated into land use changes at 1 km² grid resolution 
for the area of Europe. Based on the analysis of qualitative 
and quantitative indicators, impacts of simulated land 
use changes on social, economic and environmental 
sustainability are assessed at the regional scale. Valuation 
of these impacts is based on the concept of SENSOR, the 
approach to multifunctionality, which combines the social, 
environmental, and economic sustainability perspectives 
by extending the concept of agricultural multifunctionality 
to include other land use sectors, and by linking this 
concept with a spatially explicit concept of landscape and 
ecosystem functions. Based on the SENSOR approach 
and by accounting for the real needs and conditions in 
China, we developed an integrated conceptual framework 
for assessing the multifunctionalities of land use, in 
which the land use functions account for the economic, 
social, environmental, and ecological functions and 
human activities, land use changes, and the corresponding 

changes in functions. The establishment of this integrated 
conceptual framework will help various levels of 
governments to develop reasonable land utilization 
policies that contribute directly to sustainable development 
in China.

2 Outline of the framework
SENSOR “Sustainability Impact Assessment: Tools 
for Environmental, Social and Economic Effects of 
Multifunctional Land Use in European Regions” is an 
integrated project in the 6th Framework Program with 
32 European partner institutions and six non-European 
partners involved. The technical objective of SENSOR 
is to build, validate and implement sustainability impact 
assessment tools (SIAT), including databases and spatial 
reference frameworks for the analysis of land and human 
resources in the context of agricultural, regional, and 
environmental policies. The scientific challenge is to 
establish relationships between different environmental and 
socio-economic processes as characterized by indicators 
considered to be quantitative and/or qualitative measures 
of sustainability. Scenario techniques is used within an 
integrated modeling framework, reflecting various aspects 
of multifunctionality and their interactions. With China, 
Brazil, Argentina, and Uruguay, SENSOR focuses on the 
targeted third countries (TTC) whose land use sectors 
are highly dynamic and of particular importance for the 
world’s sustainable development. SENSOR TTC will 
benefit from scientific knowledge and expertise of its 
third country partners to develop a transferability analysis 
framework for the tools developed in SENSOR for 
adaptation to third countries, particularly those with strong 
land use economies. Respective conditions of European 

Fig. 1 Illustration of the SENSOR-
China Framework for assessing 
multifunctionalities of land use.
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and third country policy options will be considered in 
the light of multifunctional land use. The SENSOR TTC 
approach comprises the adaptation of the three SENSOR 
assessment streams: (i) driving force analysis on the basis 
of various land use and policy scenarios, (ii) problem 
identification and risk analysis, and (iii) case study based 
sensitive area studies.

In SENSOR-EU, two scenarios are constructed: one is 
the baseline scenario, which is images of a future in the 
absence of policy changes. Driving forces are used for 
baseline scenario construction and analysis. The other 
is the policy scenario. It is a set of policy assumptions 
including one or more parameters for which several 
different values (or called policy options) can be filled in. 
In accordance with the wishes of the client, the number 
of policy scenarios which SIAT should be able to handle 
ought to be theoretically unlimited.

Based on how the SENSOR approach has been 
implemented in Europe, we developed a framework for 
assessing the multifunctionality of land use in China, and 
illustrate the framework in figure 1. The overall approach 
consists of three steps: 

(1) Using a baseline scenario to simulate impacts of 
human activities on land use change and using a policy 
option scenario to simulate management activities linked 
to a key aspect of regional sustainable development.

(2) Simulating changes in land use resulting from the 
policy options using the Dynamics of Land Systems (DLS) 
model (Deng et al. 2004; Deng et al. 2008; Duan et al. 
2004) and the CLUE-S model (Cai et al. 2004).

(3) Using indicator functions and land use functions 
(LUFs) to simulate changes in land use functions caused 
by land use.

3 Formulation of the baseline and policy 
scenarios to simulate land use changes

Scenarios are descriptions of possible futures that reflect 
different perspectives on the past, the present, and the 
future (van Notten et al. 2003). The outcome provides 
an impression of what may happen, rather than what is 
likely to happen. A policy scenario is then formulated to 
achieve the desired developments based on the impacts of 
the policy, and consequently the land use policy will have 
direct impacts on land use patterns. In this regard, in our 
analysis, we outline such relations in the flowchart below 
(Fig. 2):

Baseline scenario: In our study, we designed a baseline 
scenario based on global economic trends for the target 
year 2025, in which the main driving forces for this 
development are demographics, urbanization, investments 
in agricultural research and development, and the number 
of cars owned per 1000 persons. The baseline scenario 
(also called “business as usual”) serves to illustrate the 
outcomes that will result if there is no change in current 
trends. A contrasting scenario is chosen to represent a 
plausible alternative based on a policy choice, such as the 
desire to improve sustainability. At this stage of analysis, 
users of the approach must choose which area or areas 
they are interested in simulating so that the subsequent 
simulations can be spatially explicit. 

Selection of policy options: To construct the policy 
scenario, the user defines a three-dimensional matrix that 
consists of policy objectives, land use sectors, and policy 
instruments around which the policy scenario will be 
designed. Variables in the matrix result from six identified 
policy cases that cover a spectrum of land use sectors, 
which then can be flexibly recombined by the user. In 
contrast with the use of SENSOR approach for areas in the 
EU we have provided three examples of land use policy 
scenarios entitled land conversion, bio-energy use and 
agricultural subsidies, because of their great relevance for 
China’s current situation:

· Land conversion: This policy scenario refers mainly 
to the conversion of arable land into forest and 
grassland or into built-up areas. The former concerns 
environmental conservation through the reduction 
of cultivation on slopes and hilly land, whereas the 
latter is a result of modern urbanization trend, which 
is inevitably coupled with China’s industrialization 
and economic development. The policy also attempts 
to regulate the conversion of arable land into built-up 
areas (SFA 2003; Tao et al. 2004).

· Bio-energy use: In this scenario, the policy variables 
include targets set for the proportion of bio-fuel 
used by cars, which is linked closely to the needs 
for reducing the emission of greenhouse gasses and 
air pollution, and is thus focused on environmental 
protection. To achieve the targets set under this 
scenario, changes in the area used for the cultivation of 
plants that can be used to produce bio-energy lead to 
changes in the distribution of various land uses. 

· Agricultural subsidies: As the ratio of inputs to outputs 
decreases in the agricultural sector (i.e. as agriculture 
becomes more intensive and modern), more workers 
leave the agricultural sector to seek employment in 
other sectors such as industry and services. At the 
same time, because of the low profits earned within the 
agricultural sector, increasing numbers of workers are 
leaving this sector to seek more lucrative employment 
in industry and the service sectors. The cultivated 

Fig. 2 Linkage between drivers/policies and land use functions.
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area would decrease under such circumstances. By 
providing sufficiently high cash subsidies to make 
farming an attractive career choice, a subsidy policy 
would help to keep farmers stay on the farm. Farmers 
could use this money either to purchase production 
inputs (such as fertilize or improved seeds) or for other 
purposes (such as improving their quality of life). 
Implementation of such policy should make it possible 
to retain at least the required area of arable land for 
maintaining China’s food security.

Each of these policy scenarios represents a theme 
centered around a particular policy objective, and contains 
one or more policy instruments. On the basis of the 
outcomes of these scenarios, the user of the SENSOR-
China approach can explore variations on the use of these 
instruments. In the present paper, we will focus on the land 
conversion scenario to illustrate how this approach works.

4 Land use change as a response to a new 
policy

The SENSOR framework relates the predicted impacts 
of a policy to the proportion of each land use type in 
the total land area in the study region. Scenario-driven 
simulation of land use changes derived using the CLUE-S 
model and the DLS model are the starting point for impact 
assessment. Both models display land use changes at a 1 
km2 grid resolution for six land use classes: (i) cultivated 
land, (ii) forest area, (iii) grassland, (iv) water area, (v) 
built-up area, and (vi) unused land. The resulting DLS 
model is shown in figure 4. 

Translation of the policy cases and drivers into land use 

changes is achieved using mathematical response functions 
that describe the relationship between drivers and land use 
changes. In general mathematical terms, the functions can 
be expressed using a simple equation between land use (y) 
and driving factors (x): 

y=f(x)
where, f is expressed as below:

y=b0+b1x1+b2x2+b3x3

where,  x 1 represents continuous or dichotomous 
geophysical variables, x2 represents continuous or 
dichotomous socioeconomic variables, and x3 represents 
managerial or institutional variables that are time- or 
location-based dummy variables; b0, b1, b2, and b3 are 
partial-regression coefficients.

The results of the response functions are calculated by 
the DLS Model, which we adopted to China’s conditions 
using the CLUE-S model. The main structure of the DLS 
model generates land use maps to serve as references 
based on land conversion rules, a spatial simulation of 
the predicted land use changes, spatial regression analysis 
between the land use variables and the driving factors, 
a balance between supply and demand for certain land 
use categories, and validation of the results. The DLS 
Model offers a framework for modeling (explanation), 
simulation (scenarios), and mapping (representation), and 
can incorporate the functional and structural complexity of 
the land use system by incorporating the bottom-up effects 
of land use change resulting from local conditions and the 
top-down influences of regional land use policies.

Land use change occurred under the influence of land 
conversion policy. The dynamics of land use change in 

Fig. 3 Land use changes from 
2010 to 2025 in the baseline 
scenario (business as usual).
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the “business as usual” scenario and under a policy of 
land conversion are separately shown in figures 3 and 4. 
Compared to the “business as usual” scenario, the results 
of implementing the land conversion policy clearly show 
that the area of cultivated land decreased by an additional 
0.08 × 106 ha annually, and the forest area increased by 
0.02 × 106 ha annually between 2005 and 2025. Grassland 
and built-up area shown a decreasing trend with an annual 
decrease of 0.10× 106 ha and 0.01× 106 ha respectively 
between 2005 and 2025. Water area and unused land 
area remained relatively stable over the simulation years. 
Obviously, the simulation results provide some important 
information that policymakers can use to determine land 
use changes driven by the implementation of the policy. 

5 From land use change to functional change: 
indicator and land use functions 

LUFs are the services or functionalities that are 
produced by land use as a result of its interaction with 
the geophysical and socio-cultural capital provided by 
the landscape (Perez-Soba et al. 2008). In the SENSOR 
framework, the approach to multifunctionality combines 
the social, economic, and environmental aspects of 
sustainability to extend the concept of agricultural 
multifunctionality to include other land use sectors, and 
links this concept with a spatially explicit concept of 
landscape and ecosystem functions. In the Framework, 
an indicator-based LUF approach is employed to analyze 
the social, economic, and environmental impacts of 
the scenario assumptions and land use changes. In this 
analysis, altogether eight LUFs and 16 sub-functions are 
identified (Table 1): 

· Economic production (LUF1): infrastructure and 
economic benefit.

· Maintenance of quality of life (LUF2): population, 
health and recreation, employment, and culture.

· Air purification (LUF3): exhaust emissions.
· Water purification (LUF4): waste water discharges.
· Solid waste disposal (LUF5): solid waste releases.
· Provision of food and raw materials (LUF6): primary 

products and water supply.
· Regulation of the environment (LUF7): regulation 

of atmospheric and hydrological environment, and 
decontamination.

· Supporting services (LUF8): habitat supporting and 
soil conservation.

The value of each land use function (LUF) is calculated 
based on the specific indicators relevant to the function. 
Formulas used for the calculation are as below:

LUF1=(wI1I1 / SI1+ wI2I2 / SI2 +…+ wI5I5 / SI5) / 5
LUF2=(wI6·I6/SI6+wI7.I7/SI7+…+wI9·I9/SI9)/4
LUF3=1-(wI10·I10/SI10+wI11·I11/SI11+…+wI13·I13/SI13)/4 
LUF4=1-(wI14·I14/SI14+wI15·I15/SI15+…+wI17·I17/SI17)/4
LUF5=1-(wI18·I18/SI18+wI19·I19/SI19+…+wI21·I21/SI21)/4
LUF6=(wI22·I22/SI22+wI23·I23/SI23+wI24·I24/SI24)/3
LUF7=(wI25·I25/SI25+wI26·I26/SI26+…+wI30·I30/SI30)/6
LUF8=(wI31·I31/SI31+wI32·I32/SI32+…+wI34·I34/SI34)/4

where  I 1,  I 2…… I 34 r ep resen t  the  va lues  o f  the 
corresponding indicator function that was selected to 
measure the intensity of a land use function for a given 
land use type (see Table 1). SI1, SI2,……SI34 represent the 
maximum value for the corresponding indicator function, 
which are transferred from the corresponding indicators. 
WI1, WI2,……WI34 represent the weighing scores (ranging 

Fig. 4 Land use changes from 2010 
to 2025 in the land conversion 
scenario.
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from 0 to 1) used to permit comparisons of the assessment 
values among regions. Here, we gave all indicators used 
in this framework a value of one (1) so that every selected 

indicator has equal significance in the linked LUF for 
this specific study. In the process of calculating LUF 
values, for easy comparison, the upper-limit for each of 

Fig. 5 The overall structure of the DLS model used in the present analysis (Deng et al. 2008).

Indicators
I1: Human material index
I2: GDP per person
I3: GDP per sector 
I4: Income per person
I5: Local revenue per person
I6: Population density
I7: Rate of green area 
I8: Employment rate
I9: Education
I10: Total industry exhaust emissions
I11: Exhaust emissions km-2

I12: Exhaust emission per person
I13: Exhaust Emission per unit GDP
I14: Total waste water discharges
I15: Waste water discharges km-2

I16: Waste water discharges per person
I17: Waste water discharges per unit GDP 
I18: Total solid waste releases
I19: Solid waste releases km-2 

I20: Solid waste releases per person
I21: Solid waste releases per unit GDP
I22: Food provision 
I23: Raw material provision
I24: Water supply
I25: Fixation of CO2
I26: Supply of O2

I27: Retention of precipitation
I28: Reduction of flooding
I29: Reduction of SO2
I30: Reduction of NOx

I31: Support of biodiversity
I32: Reduction of land loss
I33: Reduction of sedimentation
I34: Reduction of nutrient loss

LUF Level 3

Infrastructure

Economic benefit

Population
Health and recreation
Employment
Culture

Air purification

Water purification

Solid waste disposal

Primary products

Water supply
Atmospheric regulation

Hydrological regulation

Decontamination

Support of habitat

Soil conservation

LUF Level 2

Economic production

Maintenance of quality of life

 Air purification

Water purification

Solid waste disposal

Provision of food and
    raw materials

Regulation of the environment

Support services

LUF Level 1

Economic

Social

Environmental

Table 1  Classification of land use functions and their corresponding indicators.
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the indicators is set as one (1), so that if the value of the 
indicator was greater than the value of the corresponding 
maximum value for the indicator function, the ratio of the 
indicator’s value to its maximum value equals to one (1). 

Functional change of land use can best reflect the impact 
of land use changes on its defined functions. Based on 
available data, changes of LUFs between 1985 and 2005 
was analyzed and the results are shown in figure 6. The 
figure shows that land use functions changed dramatically 
between 1985 and 2005, specifically, the production 
and maintenance of living functions both increased 
dramatically, while the air purification, water purification, 
solid waste purification, and support functions decreased 
dramatically. The regulation function nonetheless 
increased. The results imply that rapid economic 
development in China from 1985 to 2005 had weakened 
the environmental functions of the land system through 
increasing emissions to the air, water and land, causing 
deterioration of air, water and solid waste purification 
functions. 

6 Conclusion
Human activities cause spatial and temporal changes 
in land use, which in turn bring about changes in the 
multifunctionalities of land use that directly affect 
the sustainability of development. As the theory of 
multifunctionality of land use is still a new concept in 
the Chinese academic and government policy circles, 
this theory will require further elaboration in the Chinese 
context. It is important to develop a more integrated 
theory by combining multifunctionality of land use with 
ecosystem service theory, in order to develop an impact 
assessment tool that can focus on assessing changes in 
social, economic, and environmental impacts caused 
by land use change. In this regard, we established the 
conceptual framework for assessing multifunctionalities 
of land use that is based on the SENSOR approach and 
suitable for China’s conditions . This Framework can 
be used to support decision-making based on spatially 
explicit calculations and assessment by simulating changes 
in LUFs driven by policies and the resulting impacts on 
sustainability. 

In this framework, land use functions account for 
economic, social, environmental, and ecological functions 
while integrating human activities, land use changes, and 
corresponding changes of functions. The three assessment 
steps are: (i) Using a baseline scenario to simulate the 
“business as usual” situation; (ii) Using response functions 
to simulate land use changes caused by new policies in a 
contrasting scenario, based on DLS model and CLUE-S; 
and (iii) Using indicator functions and LUFs to simulate 
changes in land use functions caused by changing land 
use. 

The framework results in a hierarchical classification 
system for the LUFs that create four overall dimensions 
(economic, social, environmental, and ecological), 8 
subordinate categories (production, maintenance of quality 
of life, air purification, water purification, solid waste 
disposal, provision of food and raw materials, regulation 
of the environment, supporting services), and 16 specific 
functions at the third (lowest) level of the hierarchy that 
are described by 34 corresponding indicators.

The establishment of the integrated conceptual 
framework will provide an important tool for governmental 
land management departments to develop reasonable 
land utilization policies that can contribute directly to 
improving the sustainability of developments in China. 
Thus far, the framework has been developed for China 
as a whole, but with some modifications to account for 
unique local conditions, it should also be applicable at 
different spatial scales, e.g., at the provincial and county 
levels. However, the selection of the policy options and 
the baseline scenario and the definition of the indicators 
(i.e. development of the framework) in this study were 
highly simplified to permit an analysis of the primary 

Fig. 6 Land-use functions in China in 1985 and 2005.
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development issues for China as a whole. More detailed 
analysis will be required in future studies at smaller spatial 
scales. 
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中国土地利用多功能性度量
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摘要：人类活动驱动着土地利用的时空变化，进而导致土地利用功能的变化。中国的土地利用具有高度的动态性，对全球可

持续发展具有特别重要的意义。对于决策者来说，要准确预见一项发展政策对土地利用及其功能的复杂影响 是非常困难的。本文

构建了中国土地利用多功能性的度量框架模型，模拟了2010-2025年期间土地利用变化对国家退耕还林还草政策的响应，并确定了

相应的土地利用功能的变化。结果表明， 国家退耕还林还草政策显著影响着中国土地利用格局，其特征是随着林地面积的扩大，

耕地和草地面积在不断减少。在所度量的所有土地利用功能中，经济功能、社会功能显著增强，调节功能略有增强，而环境净化

功能、支持功能明显减弱。通过应用表明，本文构建的中国土地利用多功能性度量框架模型有助于各级政府评价土地利用政策的

影响。

关键词: 多功能性；土地利用；影响评价 


