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Preface
This master thesis is one of the fruits of my labor at the Wageningen University in 2018,
which took around seven months. The concept of ecosystem service came to me in the
course – “Environmental Systems Analysis: Methods and Applications” in November
2016, and then the course – “Integrated Ecosystem Assessment in regional
management” given by Dr Dolf de Groot provided me an opportunity to have a better
understanding of how to conduct an ecosystem service assessment. After the course, I
had a great interest in the field of Ecosystem Services Valuation (ESV). Because most
environmental hazard is caused by ignorance of the environmental impact of an
action/policy/project. And the ESV is a nice way to incorporate the value of nature during
the decision-making process, as well as informing the public about the value of nature.
So that, people will be more conscious about the nature, and hence contribute to
conservation of the nature.
Besides, the GFGP is one of the larges restoration project in the world, and studies
showed that it had both positive and negative environmental impacts on the local
environment. Therefore, this thesis is conducted to analysis whether the benefits
outweigh the costs, integrating environmental, social and economic aspects. To
calculate the integrated cost-benefit of the GFGP, 11 ecosystem services were selected.
Ecosystem services were quantified in ecological units first, and then different valuation
methods were used to transfer it into monetary value.
The process is difficult, especially during the data collection part. However, there are
many people by my side who helped me to finish the thesis. Therefore, I would like to
express my sincere gratitude to them.
First of all, I would like to thank my supervisor, Dr Dolf de Groot, who gave me a lot of
support and guidance which is important during my thesis work. Secondly, I would like to
thank Mr Sunbao Bai, an officer in the Ansai Grain for Green Project office, who
provided me data about the land use change in Ansai. Lastly, I would like to thank
everyone who helped me during the past year, including my schoolmates, friends, and
my parents.

Summary
Since 1978, China has experienced a rapid economic development which accelerated
the urbanization. Meanwhile China had a large population to feed. This led to large land
reclamation. Consequently, natural ecosystems were degraded by soil erosion,
desertification, flooding and dust storms. Especially in the Chinese Loess Plateau,
reclamation of marginal lands was inevitable, because most income of the rural
population depended on agriculture which ensures the capacity of self-sufficient food
production. Besides, Loess Plateau is hilly and gully and this is less suitable for arable
farming and vulnerable to soil erosion.
The national government therefore initiated the Grain for Green program (GFGP) to
control soil erosion and eliminate poverty in 1999. Subsidies were provided to farmers to
convert farmland to forests and shrub lands, and a budget of 53.5 billion US$ was
invested in this project. The substantial land-use change induced by the GFGP strongly
affected ecosystem functioning, and hence the provisioning of ecosystem services.
Some ecosystem services, such as soil retention, carbon sequestration and cultural
service, were improved, whereas others, such as water provisioning and grain
production, were degraded.
I selected Ansai county as my study area and reviewed the literature to conduct an
integrated cost-benefit analysis of the GFGP. I integrated environmental, social and
economic aspects. Eleven ecosystem services were selected based on their observed
changes under the GFGP and availability of relevant literature and data. The ecosystem
services of each land use were quantified based on literature in similar study area. The
difference between current and previous land use was determined to quantify the impact
of all land-use changes on ecosystem services provisioning. Different valuation methods
were used to transfer ecological indicators into monetary values. Combined with the
amount of governmental subsidies, the costs and benefits of the GFGP were calculated.
Finally, three discount rates were applied to calculate Net Present Values of the GFGP
in Ansai.
Three land-use change patterns were investigated, namely: a) conversion of farmland to
forest, b) conversion of farmland to shrub land, and c) conversion of wasteland to forest.
Based on Ansai Grain for Green Project office’s inventory document, 26,943ha of
farmland and 35,567ha of wasteland were converted to ecological forests between 1999
and 2010. Meanwhile, 4,063ha of farmland was converted to economic forests, and
9,980ha of farmland was converted to shrub land. In general, the GFGP increased the
area of forest and shrub-land by 66,573ha and 9,980ha respectively over the last two
decades, while it decreased the area of farmland and wasteland by 40,986ha and
35,567ha respectively.
These land-use changes led to changes in ecosystem services. Annual grain production
was reduced by 2,080kg per ha due to revegetation of farmland. Besides, revegetation
annually decreased water supply and total P concentration in the surface soil by 235m3
per ha and 1kg per ha respectively. However, the concentration of total N increased by
16kg per ha per yr under the GFGP. The GFGP enhanced the soil retention service of
the converted land by 35t per ha. Meanwhile, water storage and carbon sequestration
increased annually by 53m3 per ha and 1t per ha respectively. Restoration was effective
in reducing average ambient summer temperatures. The temperature in forest and
shrub-land was 1°C degree lower than over farmland and wasteland. The conversion of
land can also remove an extra amount of SO2 (66kg per ha) and dust (10t per ha)

annually. Besides, the Shannon-Wiener index, which considers species richness and
their abundances within the local forest, wasteland and shrub-land.
However, the ecological impact among the three land-use change activities differed
under the GFGP. For example, the conversion of farmland to shrub land is the most
effective practice to improve soil retention and water storage, followed by conversion of
farmland to forest and wasteland to forest. The observed increased carbon
sequestration rate after converting farmland to forest is 1.5 times of that of the other two
land-use change types. Farmland and wasteland conversion to forests effectively
improved air quality than the conversion of farmland to shrub land.
The annual increase in the total economic value of all eleven ecosystem services was
estimated to be 55 million US$ for the Ansai county. The consequent area-averaged
value-change was 718 US$ per ha. This annual increase in economic value of nine
increased ecosystem services was estimated 73 million US$, among which the airpurification service had the biggest share (25%), followed by biodiversity protection
(16%) and aesthetic information (14%) services. In contrast, the contribution of the soilretention service is the smallest (1%) and that of soil fertility maintenance is only 3%.
The annual loss in total economic value due to reduced ecosystem services is 18 million
US$. Loss of grain production accounted for more than 95% of it. Comparing all three
land-use changes, conversion of farmland to forest is the most beneficial practice,
followed by conversions of wasteland to forest, and farmland to shrub land.
The cost of the GFGP includes subsidies and the ‘loss’ of economic value due to
reduced ecosystem services. The GFGP provided 237 million US$ in subsidy to famers,
and these subsidies were paid off by 2017. GFGP’s net present value was calculated,
assuming that forest and shrub-land ecosystems start to provide ecosystem services
only three years after planting. The determined values were 623, 302, and 119 million
US$ under the discount rate of 1%, 5% and 10% respectively over 25 years.
My results show that the GFGP was a very profitable restoration project whereby the
used estimates are likely conservative, since not all ecosystem services are valued. This
thus underestimated of the economic benefits. My results provide evidence to decision
makers and the general public that investing in the GFGP is worthwhile.
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1. Introduction
1.1. Background
The concept of ecosystem service provides a way to link the environment and human
well-being, and is defined as “the direct and indirect contributions of ecosystem to
human well-being” (TEEB, 2010). Ecosystems provide not only material services (e.g.
timber, herbs, fruits and water), but also non-material services (e.g. water purification,
flood control and recreation) which is crucial for our daily life (TEEB, 2010; MA, 2003).
However, ecosystem services provisioning is influenced by human activities due to
significant land use change.
Since 1978, China has experienced a rapid economic development accompanied with
rapid urbanizations when the “reform and opening-up policy” was adopted (Yang, 2013).
Meanwhile, China was confronted with the food-security challenge, as it has the largest
population in the world to feed (Chen et al., 2010). Consequently, natural vegetation was
converted to build-up areas and farmlands to satisfy the demand for food and living
space. It is reported that built-up areas and cultivated lands expanded at the rate of
around 10% and 1.6% respectively from 1988 to 2000 (Song & Deng, 2017). This
substantial land use change had a serious impact on ecosystems, as ecosystems were
disturbed which lead to several environmental problems, such as soil erosion,
desertification, flooding and dust storms (Yin et al., 2009; Liu & Diamond, 2008).
Especially in Ansai county and the Loess Plateau region, reclamation of barren and
steep lands was inevitable, because most of the rural population’s income depends on
the agricultural sector and land were reclaimed to ensure the capacity of self-sufficiency
of food production (Changhe 2000). Besides, Ansai county is dominated by hilly loess
terrain which is not suitable for arable farming and is vulnerable to soil erosion (Changhe
2000; Zhou et al., 2012). All these problems interact dynamically. This led to severe land
degradation and soil erosion (Zhao et al., 2013b; Lu & Van Ittersum, 2004).
In order to mitigate the land deterioration, the government has implemented the Grain for
Green Project (GFGP) which was also known as Sloping Land Conversion Program
(SLCP) in 1999. The aim of this large-area restoration project was to control soil erosion
and eliminate poverty (Yin et al., 2009). It targeted at converting 11.33 million ha of
sloping farmlands through direct public payment schemes with a budget of 53.5 billion
US$ (Xu et al., 2004a; Yin et al., 2009). Cash and grains were compensated to farmers
who participated in the land retirement and conservation. This project had a significant
influence on the land use change in the Loess Plateau, where woodland and grassland
increased by around 5% from 2000 to 2008 (Lü et al., 2012). The program attracted
worldwide attention, as it is one of the largest land conservation programs in the world.
The implementation of the GFPG provided a good opportunity for transition of agroeconomic structure, because working force is liberated from traditional cultivation
activities. Besides, it is reported that farmers’ income increased after the GFGP due to
subsidies from the government (Li et al., 2016). Besides, many other policies were
implemented by local government in Ansai to consolidate the achievement in
afforestation induced by the GFGP, such as promoting development of orchard and
greenhouse vegetation to provide job opportunities for farmers under the GFGP (Li &
Wang, 2011 & Li et al., 2016). Meanwhile, the county participated in the Grassland
Construction Engineering Project, in which subsides were provided to farmers for
planting grassland which can be used for housing feeding. These activities reduced the
1

chance of re-cultivation of and illegal pasturage on land converted from farmland or
wasteland under the GFGP.

1.2. Problem Statement
The GFGP is one of the largest ecological restoration project in the world. The project
aims to convert more than 9 million ha of farmland until 2013 (Wang et al., 2017).
Therefore, it attracted researchers’ interest and several ecosystem-services
assessments were conducted to study the impact and effectiveness of the GFGP
program (Lu et al., 2004; Li and Ren, 2008). Many studies recognized that the project
had a positive effect on especially carbon sequestration and soil retention (Wang et al.,
2007; Chen et al., 2009; Lü et al., 2012). The environment improved after the
implementation of the GFGP in Ansai county. In the surveys from the study of Cheng &
Wang (2017), 98% farmers reported that environmental hazard is substantially reduced,
such as sand storms and torrential floods were frequent before 2000.
However, reforestation will have adverse environmental effects when its method is not
appropriate for the site (Lamb et al., 2005). Adverse effects have been pointed out by
scholars on the GFGP’s sustainability, design and implementation (Cao et al., 2009; Cao
et al., 2010; & Wang et al., 2011b). Some tree species used in the project cannot adapt
to local climates and this led to small-old trees and forest dieback, as well as decreasing
in long-term soil-moisture contents (Xu et al., 2004a; Cao et al., 2009; Cao et al., 2010;
& Wang et al., 2011b). Because the total average annual precipitation (462 mm) is less
than the potential evaporation (794 mm) in the northern Shaanxi province (Cao et al.,
2009) and trees used for afforestation have lower water-use efficiencies compared to
shrubs and grasses, the water balance can therefore not support tree growth, even
though growth can be successful from the early onset due to the sufficient storage of
underground water. Evidence showed that the soil moisture and water yield declined due
to converting unsuitable land to forest with an inappropriate selection of plant species
(Cao et al., 2009; Xu et al., 2010a; Zhang et al., 2017; & Wang et al., 2011). Therefore, a
more integrated analysis of the costs and benefits of the GFGP including environmental,
social and economic aspects, is urgently needed.

1.3. Objectives & Research Questions
This study aims to analyse the costs and benefits of the GFGP in the Chinese Ansai
county from 1999 to 2010. The analysis will integrate environmental, social and
economic aspects by identifying, quantifying and valuing the main ecosystem services,
and calculating the Net Present Value (NPV) of the GFGP. To understand the costs and
benefits of the GFGP in the Loess Plateau, my thesis focuses on the change in eleven
ecosystem services due to land-use changes under the GFGP. To fulfill the objective,
four research questions (RQs) are formulated.
RQ1 What types of ecosystems are included in the GFGP?
RQ2 What is the change in availability of the selected ecosystem services from 1999
to 2010?
RQ3 What is the change in monetary value of the selected ecosystem services from
1999 to 2010?
RQ4 What is the NPV of the GFGP?
The cost-benefit analysis is selected to assess the integrated impacts of the GFGP,
because monetizing the effect of GFGP on ecosystem services can provide more
perceptual information for the decision makers and the public compared with using
2

environmental indexes. Besides, the results can be useful to improving GFGP’s
sustainable implementation and management (Hein et al., 2006). In general, my thesis
intends to provide useful information to support decision making and identify the pros
and cons of the restoration project. This can help to improve the project management.

1.4. Study Area
Ansai county is part of Yanan city which is located in the north part of Shaanxi province
and the center of the Loess Plateau (see Figure 1). It is characterized with semi-arid
climate. Loess is the dominant soil type that covers around 95% of the total area. These
soils are prone to soil erosion (Zhao et al., 2014). Until 2015, Ansai county has a
population of 184 thousand and the total area of the county is 2,950km2. Its average
annual precipitation is 505mm and up to 70% of the rain falls between June and
September (Wang et al., 2012). The county is located in forest steppe belt, and it was
mainly covered with grassland and cropland before the implementation of the GFGP
(Zhou et al., 2014). The main tree and shrub species used in the GFGP are nonindigenous species, including Robinia pseudoacacia, Prunus armeniaca, Platycladus
orientalis, Caragana korshinskii and Hippophae rhamnoides (Cao et al., 2009).
Ansai county is a good representation of the typical terrain in Loess Plateau where more
than 80% of the county is covered by ridge and gully slope (Jiao et al., 2004). Besides,
Ansai is one of the first ‘Nation Grain for Green Experimental County’ (Cao et al., 2009)
which experienced typical problems in the Loess Plateau, such as land degradation,
overpopulation, food insecurity and dependency of income on agricultural income.
Before the implementation of the restoration project, the county suffered from severe soil
erosion due to sloping farmlands which was up to 8000-10000 t/km2/yr (Zhang et al.,
1998). All these problems interact dynamically which lead to the severe land degradation
and soil erosion (Lu et al., 2004). Therefore, Ansai is selected to study the effect of the
GFGP on ecosystem services, because it is one of the typical county in the Loess
Plateau area. Besides, many surveys and researches regarding land resources were
conducted in Ansai since 1970s when the Ansai experiment station of soil conservation
was constructed. Therefore, Ansai is suitable for a desk study, because quantitative data
about the change in ecosystem services caused by the implementation of the GFGP is
relatively rich.

Figure 1 Location of Ansai county
3

1.5. Outline
My thesis consists of eight chapters. Chapter 2 explains the methodology of my
research, including the cascade framework in the TEEB report, which guided the
research and its methods. Four main methods and eleven selected ecosystem services
are introduced. This is the answer to the RQ1. Besides, data collection and analysis
methods are described. The results of the study are presented in Chapter 3, 4, 5, and 6.
First of all, the direct impact of the GFGP (land-use change) in 1999-2010 was studied in
Chapter 3. Except for the change in the area of each land use, classification of four main
land uses and description of three land use conversion practices under the GFGP were
introduced. The impact of the land use change on the environment was studied in
Chapter 4, in terms of the change in ecosystem services. This was based on each land
use change pattern, and the change in ecosystem services provisioning between
previous and current land use was calculated in different units. Chapter 4 aims to
provide answer to RQ2. In Chapter 5, the RQ3 is studied where different valuation
methods were used to transfer these biophysical indicators to monetary terms which
represent ‘benefits’ and part of ‘costs’ of the GFGP. The benefit of the project is
indicated by the increase in ecosystem services (e.g. increased soil retention), while the
loss in ecosystem services is considered as costs of the GFGP (e.g. decreased water
yield). Subsidy is another cost of the GFGP which was calculated in Chapter 6. Together
with results from Chapter 5, the cost-benefit and net present value of the GFGP were
calculate in chapter 6 where the RQ4 is studied. Chapter 7 discussed the uncertainties
and limitation of the study due to methodology and data availability. Finally, main results
and conclusion that the GFGP is beneficial were presented in chapter 8.
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2. Methodology
2.1. Conceptual & Research Framework
This thesis focuses on the difference between costs and benefits of the GFGP in the
Ansai county. The benefit of the GFGP is quantified via the gain in ecosystem services
provision due to land use changes induced by the GFGP from 1999 to 2010. The cost of
the GFGP is equal to the sum of the economic value of the reduced ecosystem services
and the subsidy provided by the government. The ecosystem services provided by
previous land use were considered as the original value without the influence of the
GFGP, and that of current land use in 2010 was considered as the added value due to
the GFGP. Therefore, the difference between these two values is considered as the
benefit of the GFGP in terms of ecosystem services. Besides, the linkage between the
GFGP and its impact on human well-being can be captured by the conceptual
framework (Figure 2), which is adapted from TEEB’s cascade diagram (TEEB 2010).

Figure 2 Conceptual & research framework (Adjusted from TEEB, 2010)

2.2. Research Methods
This thesis is conducted mainly through desk work, and four methods are used to study
the cost-benefit of the GFGP. Firstly, the direct impact of the GFGP on the land cover
change is studied through literature review, including academic literature and inventory
document provided by the Ansai GFGP office. In order to calculate the value of
ecosystem services in monetary units, the change in the availability of ecosystem
services should be quantified at first, using ecosystem service analysis. Afterwards,
different valuation methods are used to translates the value of the changed ecosystem
services to monetary terms which is a common metric. Thereby, cost-benefit of the
GFGP can be calculated knowing the expenditure of the implementation of the
restoration program.
5

2.2.1. Direct Impact Assessment
The GFGP was initiated to mitigate the soil erosion and desertification by converting
sloping farmlands and wastelands to forests or grasslands (Zhang et al., 2016).
Therefore, the direct effect of the GFGP is the change in landscape between 1999 and
2010 which influence the provisioning of ecosystem services in Ansai county. Evidence
showed that nearly 680 km2 of sloping lands were converted in Ansai county until 2005
(Zhou et al., 2012). Consequently, the increase in vegetation cover influenced the
hydrological cycle and soil conditions. Studies showed that the GFGP improved the soil
retention and soil fertility (Wang et al., 2017a & Wang et al., 2017b). However, since
2000 the soil moisture, run-off and water yield have decreased which is reported by
many researchers (Cao et al., 2009; Xu et al., 2010; Zhang et al., 2017). Because the
afforestation leads to more evaporation which exceeds the precipitation in the Loess
Plateau (Li et al., 2016). Besides, the implementation of the GFGP leads to an increase
in the agricultural total factor productivity in a long term due to enhanced technical
efficiency (Yao & Li, 2010). Moreover, GFGP also has an impact on labor transfer that
more people liberate from agricultural activities due to subsides from the government.
2.2.2. Ecosystem Services Analysis
Most natural or semi-natural landscapes provide multiple ecosystem goods and
services, but most of them are not traded in markets. Besides, most benefits provided by
ecosystems are not directly linked to human well-beings. Therefore, the value of
ecosystems is usually overlooked during decision-making processes on environmental
management, especially for the non-market value of ecosystems (De Groot, 2006;
TEEB, 2010). The ecosystem services analysis is a way to link ecosystem functions and
human well-being through identifying the condition of ecosystems, the capacity of
ecosystem to provide goods and services, and the impact on human well-being (Everard
& Waters, 2013; MA, 2003).
The typology of TEEB recognizes four types of ecosystem services, namely
provisioning, regulating, habitat and cultural services (TEEB, 2010). However, not all
ecosystem services are analyzed in this thesis due to time and data limitation. Main
ecosystem services are selected based on the significance of the change in the
ecosystem services provision and availability of literature. In general, 11 ecosystem
services are studied (Table 1), and the change in ecosystem service provision is
described in chapter 4 in detail. The change in the bundle of ecosystem services is
mainly based on studies at the site, except for cultural service which is valued directly.
There are little case studies on cultural services and habitat services in China. However,
they comprised a large fraction of the value of ecosystem which is not negligible.
Therefore, these two ecosystem services are incorporated in this thesis.
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Table 1 Selected ecosystem services in Ansai county (Adapted from De Groot et al.,
2002)
Ecosystem Services
Typology

ES

Fruits & Nuts

Production of grains, which is a source of
income, and support basic needs for living
Production of fruits and nuts

Water

Support basic needs for living (Livelihood)

Soil Retention

Enhance the safety of the living environment

Maintenance of
Soil Fertility

Increased land productivities

Grain Production
Provisioning
Services

Regulating
Services

Explanation

Water Storage
Microclimate
Regulation
Carbon
Sequestration

Increase the permeability of land, and
reduced the possibility of soil erosion by runoff
Comfortable living environment by cooling
down the air temperature in summer
Contribute to reduce climate change

Air Purification

Reduced the risk of disease due to air
pollution

Habitat
Service

Maintenance of
Genetic Diversity

Provide basis for developing crops/livestock

Cultural
Service

Aesthetic
Information

Beautiful scenery

2.2.3. Valuation Methods
In this thesis, not only services which exist in the market (e.g. food production) are
valued, but also services that are not incorporated in the market (e.g. soil retention).
Therefore, the environmental, social and economic value generated by the GFGP are
considered simultaneously. Economic valuation is a tool to quantify the benefits of
ecosystem services in monetary terms. Various methods have been developed to
translate the value of ecosystem services to monetary value. However, it is important to
know that not all ecosystem services can be valued in monetary unit (De Groot et al.,
2010). In general, economic valuation methods can be divided into three types, namely
market-based, non-market based valuation methods and value transfer, and different
ecosystem services are suitable for different valuation methods (Figure 3). The marketbased valuation method is based on existing market behavior including direct market
valuation (e.g. direct market price) and indirect market valuation (e.g. avoided damage
cost, replacement cost, travel cost and hedonic pricing method). Non-market based
valuation methods are more applicable in valuing intangible ecosystem services
compared with market-based valuation methods including contingent valuation method
and choice experience method. The principle of value transfer method is to estimate the
ecosystem service value based on result of other valuation studies in similar conditions.
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Figure 3 Value of ES and valuation methods
In this study, direct market price method is used to calculate the economic value of
provisioning services. The value of the regulating and habitat services is estimated
through different valuation method, while habitat and cultural service is calculated by
benefit transfer method. Two types of valuation methods are mainly used in current
GFGP ecosystem service valuation studies. One is unit-value-based approach in which
a table of coefficients value of nine ecosystem services from ecosystems types were
used to estimate the value of the ecosystems (Jiang, 2017). The coefficient value is
initiated by Xie et al. (2008), who provide the average value for Chinese national
ecosystems (Xie et al., 2008). The second method is based on the valuation method in a
forestry standard, ‘Specifications for assessment of forest ecosystem services in China’
(LY/R 1721-2008), which was published by the state forestry administration. Most
cultural and habitat services valuation studies on the GFGP were based on the first
method, which is not applicable for case studies. Because the value is the average value
for the whole nation which do not reveal the environmental difference between different
locations.
All values found for ES valuation methods are from China, except for the carbon
sequestration service. However, these values are from different years (the oldest from
1999). Therefore, all values were standardized to 2010 US$ equivalent values using the
Chinese Consumer Price Index for residents from National Bureau of Statistics of China
(2018). Regarding valuation of carbon sequestration service, the value of carbon tax
from Sweden is standardized to equivalent value in 2010 in China based on purchasing
power parities (PPP).
2.2.4. Integrated Cost-benefit Analysis
Cost-benefit analysis is a method to calculate the net benefit of a project or program by
compare the difference between benefits and costs (Koetse et al., 2015). Restoration
projects are usually considered as costs because the value of part ecosystem services
are ignored (De Groot et al., 2013). Therefore, the integrated cost-benefit analysis
method is adopted to get a comprehensive understanding of the benefit generated by
the GFGP integrating changes in environmental, social and economic value. Regarding
this thesis, benefits are the positive value generated by increased ecosystem services
8

(e.g. soil retention) while costs are the loss due to reduced ecosystem services (e.g.
reduced water yield) and subsidy provided by the national government.
To get the Net Present Value (NPV) of the GFGP, both the cost and benefit are
discounted over 25 years. Three discount rate are applied to study the influence of
different discount rates on the final results, namely 1%, 5%, and 10%. All of them are
positive discount rates which reflect that people would place a higher value on
consuming at present than in the future and the money is less valuable in the future due
to, for example, inflation (De Groot et al., 2013; Farber et al., 2002). A negative discount
rate is not applied in this thesis, because studies showed that the GFGP is not
sustainable which may result in decrease in ecosystem services supply in long terms
due to water scarcity (Cao et al., 2016). The 1% discount rate is applied, because the
subsidy was provided for a duration of 5-8 years, which is relatively long. Therefore, the
discount rate is possible to be small.

2.3. Data Collection and Analysis
In this study, the direct impact assessment, ecosystem service analysis and valuation
are completed by literature study. Literature review is used to collect data about land use
change, quantification and valuation of ecosystem in the Ansai county. Three main data
sources are used to search literature, namely library.wur.nl, scholar.google.nl and
cnki.net.
Firstly, studies on the land use change due to the GFGP in Ansai are searched which
can provide information about the change in the area of each land use. However, it is not
used in the further calculation regarding change in ecosystem services. Because there
were also other projects implemented in the area which led to land use changes as well.
Therefore, the inventory document provided by the Ansai Grain for Green office is used.
The document provides detailed data about the annual area of forest and shrub land
converted from wasteland and farmland in Ansai under the GFGP. Secondly,
quantitative studies about provisioning, regulating and habitat services provided by each
land use in similar area in terms of climate and topography are searched. The result is
based on studies from different spatial scales which varied from zhifanggou watershed
to the Loess Plateau. However, aesthetic information service is valuated directly without
quantification of corresponding ecological change due to lack of data. Thirdly, ecosystem
services valuation studies in China are searched to estimate the value of per unit of
these ecosystem services.
In this thesis, Excel is used to record the data collected from other studies. When there
are more than one studies about one ecosystem service, values from different studies
are grouped together to get a range of the quantity or value of the ES, and the average
value is used in the further analysis. Calculations of the cost-benefit analysis and net
present value are conducted through Excel.
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3. Land-use Changes
The GFGP had a remarkable effect on the land use change in Ansai county (Figure 4).
Zhou et al. (2011) used remote sensing data and GIS technique to quantify the land use
change in Ansai between 1999 and 2010 (Appendix 1). The result showed that the area
of forest increased significantly including natural forest and newly planted forest, while
the area of farmland decreased significantly (Zhou et al., 2011). Both in 1999 and 2010,
shrub-grass land is the dominate land use type which took up around 40% of the total
area, and the area decreased slightly by less than 40 km2. However, newly planted
forest increased from 7% to 21%, which is an increase of 412 km2. On the contrary,
farmland decreased by 376 km2, from 32% to 19% (Zhou et al., 2011). The slight
decrease in shrub-grass land was the result of two activities, namely increase by
planting shrub land and decrease due to planting forest on wasteland. Because
wasteland is counted as shrub-grass land in the study of Zhou et al. (2011).
However, there were other projects except the GFGP in Ansai county which led to land
use changing, such as the Natural Forest Protection Program launched in 2000 and
Three-North Shelterbelt Forest Program, which lead to afforestation on wasteland (Yin et
al., 2009). Besides, the Grassland Construction Engineering Project was implemented in
Ansai in 2001 (Hu et al., 2006b). In this project, local government provided subsidies to
farmers for planting grass which can be used for house feeding. These activities had
profound impact on the land use change in Ansai as well. Therefore, the change in the
area of each land use based on remote sensing data is not appropriate for this thesis,
because it is the total impact of all anthropogenic activities on the land use change in
Ansai county. Instead, the inventory document provided by the Ansai Grain for Green
Project office is used to quantify the exact area of land use change induced by the
GFGP and its corresponding impact on the environment (Section 3.2). Four main land
use types are studied in this thesis, namely forest, shrub land, farmland and wasteland
which is introduced in Section 3.1.

3.1. Classification of four Land use types
There were mainly three activities implemented under the GFGP in Ansai county. First of
all, trees and shrubs were planted on sloping farmland, including economic forest and
ecological forest/shrub-land. However, revegetation on farmland was stopped in 2006,
because there was no target assigned from the national government due to food security
issues. Secondly, trees were planted on wasteland in the mountain, and only Robinia
pseudoacacia is used in Ansai county. Thirdly, all ecological forest and shrub land were
restored by prohibiting all human activities, and the duration was five years. In general,
three types of land use change are induced by the GFGP in Ansai county, namely
farmland to forest and shrub land, as well as wasteland to forest.
However, it is notable that there was no plantation of grass under the GFGP in Ansai
county, although it is an important practice in the implementation of the GFGP in other
areas. Therefore, it is not studied in this thesis. Besides, the wasteland is defined as
lands covered with sparse grass and shrubs under natural succession process, and it is
counted as grass-shrub land in other studies, such as, Zhou et al. (2012). The main
dominant plant communities under natural succession in the loess hilly region are
Artemisia scopparia, Stipa bungeana, Artemisia gmelinii, Bothriochloa ischaemun,
Artemisia giraldii, and Sophora viciifolia (Jiao et al., 2008; & Zhao et al., 2017).
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In summary, this thesis focuses on four main land use types, namely forest, shrub land,
wasteland and farmland which are described in detailed in table 2. To get a better insight
of the state of each land use, pictures taken in Ansai are provided as an example of
each land use (Figure 4).
Table 2 Description of four main land uses (the description of each land use is adjusted from
Zhou et al., 2012)

Land use
Forest

Shrub land

Description
Land that is mainly covered by trees, and which is converted from
farmland or wasteland under the GFGP. Both economic forest and
ecological forests are included
Land mainly covered by shrubs converted from farmland or
wasteland under the GFGP

Farmland

The land used for crop cultivation, including paddy field, irrigated
land and upland

Wasteland

Land without human activities which is mainly covered by
herbaceous plant and sparse shrubs under natural succession

Figure 4 An example of forest (Robinia pseudoacacia): a1&a2; shrub land (Caragana korshinskii):
b1&b2; wasteland (with sparse grass and shrubs): c; farmland: d
Source: a2&b2 taken by Chen, H., March 2018, Ansai; a1, b1 and c from Xu et al, 2014;
d from Sohu website: http://www.sohu.com/a/114866487_246049
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3.2. Land-use change between 1999 and 2010
The inventory document provided by the Ansai Grain for Green Project office recorded
detailed data about the area of returned and planted forest/shrub in each year from 1999
to 2010 (Table 3). However, the area of ecological forest and shrub land converted from
farmland each year is not distinguished in the document. But the total area of ecological
forest and shrub returned from farmland during the period of 1999-2010 is known, which
is 28811 ha and 10600 ha respectively (Appendix 2). Therefore, I assumed that the area
of ecological forest and shrub returned from farmland each year kept the same ratio. In
other words, the area of ecological forest returned from farmland is always 2.7 times of
that of shrub land. The same applies for economic forest. Apricot, apple and walnut are
the main species planted in economic forest, which account to almost 95% of the total
economic forest. Therefore, I assumed that economic forest was planted in the
proportion of 65%, 23% and 12% for apricot, apple and walnut respectively each year.
Table 3 Land use change from 1999 to 2010 in Ansai county (ha)
Former
land-use
Current
land-use
1999

Farmland

Wasteland

Farmland

Ecological
forest
407

Ecological
forest
1553

Economic
forest
949

2000

10162

4113

1553

3764

2001

881

2000

126

326

2002

3609

5333

388

1337

2003

6467

10000

472

2395

2004

1238

10000

104

458

2005

3513

667

252

1301

2006

667

633

219

247

4063

9980

2007

Farmland
Shrub land
151

667

2008
2009

467

2010
total

133
35567

26943

In general, 62,510ha of ecological forests were planted between1999 and 2010 in Ansai
county (Table 4) and 26,943ha was converted from farmland while 35,567ha was
converted from wasteland. Besides, 4,063ha and 9,980ha of farmland was converted to
economic forest and shrub land respectively (Table 4). In general, the GFGP lead to an
increase in the area of forest and shrub land, and a decrease in the area of farmland and
wasteland by 40,986ha and 35,567ha respectively in 1999-2010.
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Table 4 Change in the area of each land use between 1999 and 2010 in Ansai (ha)
Land use types

Area (ha)

Ecological Forest

+62510

Economic Forest

+4063

Shrub land

+9980

Farmland

-40986

Wasteland

-35567
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4. Ecosystem Services Quantification
The GFGP induced significant change in the land use and corresponding change in
biophysical structure of ecosystems which led to the change in ecosystem services
supply. Land use change influences the provisioning of ecosystem services through
ecological processes, such as hydrological cycle, energy exchange and climate
regulation (Tang et al., 2018). Different indicators are used in this chapter to analyze the
difference in 11 ecosystem services among the four land use types through literature
review of studies in Ansai and areas with similar geography and climate.

4.1. Provisioning Services
Regarding the land-use change induced by the GFGP, three provisioning services are
studied, namely grain production from farmlands, fruits & nuts production from economic
forest, as well as the water provisioning services from the Yanhe river. Timber and other
forestry products are not counted in this study. Because ecological forests planted under
the GFGP was under conservation, and hence any human activity was prohibited.
4.1.1. Food Production
The main crops produced in Ansai are potatoes, wheats, beans and corns. The
productivity of farmland in Ansai has increased since 1997, due to increased application
of fertilizers and improved irrigation facilities (Li and Wang, 2011). Based on Li & Wang
(2011), the annual productivity of farmland in Ansai is 1,910kg/ha in 1999, and
2,243kg/ha. Therefore, it is assumed that the annual productivity of farmland in Ansai
county is similar as the mean value of these two value which is around 2,080 kg/ha.
The fruits and nuts produced from the economic forest are mainly apricot, apple and
walnut of which the area took up almost 94% of the total economic forest (Appendix 1).
Based on literature, the productivity of apricot, apple and walnut is around 10 kg/ha/yr
(Shu, 2011), 3100 kg/ha/yr (Liu & Li, 2017), and 1125 kg/ha/yr (Liu, 2011) respectively
(Table 5).
In summary, annual production of apricot kernel (65%), apple (23%) and walnut (12%)
increased by 6.5kg/ha, 713kg/ha, and 135kg/ha respectively, due to plantation of
economic forest under the GFGP. Besides, there was loss in grain production service
(2,080kg/ha/yr) due to revegetation of farmland. This negative change in ecosystem
services induced by the GFGP is considered as an opportunity cost of the GFGP.
4.1.2. Water Provisioning
Afforestation has a negative effect on the water balance in some areas in Loess Plateau.
Soil moisture and runoff were found to decline after the implementation of the GFGP due
to converting unsuitable land to forest and inappropriate selection of plant species (Cao
et al., 2009; Xu et al., 2010; Zhang et al., 2017). Cao et al. (2009) reported that soil
moisture of afforested land is always lower than that of wasteland where grazing and
cultivation are forbidden (Cao et al., 2009). Because woody species has lower water-use
efficiency, and it consumes more water by evapotranspiration than native vegetation,
such as grassland in Ansai (Cao et al., 2016 & Jian et al., 2015). Besides, the total
average annual precipitation (462mm.yr-1) is less than the potential evaporation
(794mm.yr-1) in northern Shaanxi province which is not suitable for the growth of most
woody species (Cao et al., 2009). However, in this study only runoff is counted in the
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water provisioning services due to data availability. The annual runoff of the Yanhe river
is selected as the indicator, because it is the main river across the Ansai county. Based
on the study of Zhu et al. (2011), the runoff reduced from 55×106m3 per yr in the 1990s
to 37×106m3 per yr in the 2000s (Zhu et al., 2011), and the value is used for 1999 and
2010 respectively. Therefore, the implementation of the GFGP lead to reduced water
provisioning service, which is 18×106m3 per year in total. This loss in water provisioning
service is considered as a cost of the GFGP in Ansai.

4.2. Regulating Service
Regulating services are services provided by ecosystems which regulating ecological
processes through biogeochemical cycles (De Groot, 2006). Six regulating services are
studied in this thesis, namely soil retention, maintenance of soil fertility, water storage,
microclimate regulation, carbon sequestration, and air purification.
4.2.1. Soil Retention
Vegetation can reduce soil erosion through fixation of soil by roots and eliminating
erodibility of rainfall by canopy (Liang et al., 2016). Although, soil erosion density of
natural vegetation is lower than that of planted vegetation (Wang, 2014 & Zhao et al.,
2017), the implementation of the GFGP has a significant effect on the reduction of soil
erosion. In general, the annually averaged soil erosion rate in Ansai county decreased
from 9,780t.km2.yr-1 in 1999 to 5460t.km-2.yr-1 in 2010 (Liang et al., 2016). The evident
land use change induced by the GFGP is one of the factors that contributed to the
reduction in soil erosion (Wang, 2014; Liang et al., 2016). It is reported that shrub is
more effective in soil retention compared to forest (Wang, 2014; Zhao et al., 2017). In
other words, farmland has the highest soil erosion density, followed by natural grassland
(wasteland), planted forest and shrub land. The reason for the difference is that the
coverage rate of understory vegetation in planted forest is small due to water scarcity,
and hence the soil erosion rate of forest is higher than that of shrub land (Zhao et al.,
2017).
However, there is high uncertainties in the soil erosion of different land use which is
influenced by precipitation, vegetation coverage rate, restoration time and vegetation
species (Cao, 2016.; Wang, 2014.; Wu, 2017.; Zhao et al., 2017). Because when the
vegetation is restored for a longer period, the vertical structure of plant communities will
be more complete due to natural succession of vegetation. This results in higher
vegetation coverage, which is helpful for soil erosion reduction. It is supported by
Wang’s study, in which the soil erosion rate of Robinia pseudoacacia forest restored for
6-8 years (3,021t.km2.yr-1) is higher than that of 15 years (955 t.km2.yr-1) (Wang, 2014).
Besides, the soil erosion of different tree species is also different. For example, the
average soil erosion rate of Robinia psendoacacia is around 3330 t/km2/yr, while that of
Populus simonii is around 1,970t.km2.yr-1 (Cao, 2016). The same for shrubs and
grasses. The difference between the soil erosion of two shrubs, namely Caragana
intermedia and Hippophae rhamnoides is almost 400t.km2.yr-1 (Cao, 2016). Besides, soil
erosion of economic forests differs from ecological forest as well. It is 1.16 times larger
(Gao and Dong, 2003). However, data on the soil erosion of different vegetation species
is lacking and it varies along restoration age. Therefore, the soil erosion rate is only
distinguished among forest, shrubs, farmland and wasteland, and the value is assumed
to be the same along time. The value is a range of value collected from five papers
conducted in different year which is expected to undermine the uncertainties (Appendix
3).
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There are many studies quantifying the soil erosion of different land use by the Universal
Soil Loss Equation (USLE) with adjustment on the parameters based on the local
situation, such as, slope gradient, slope length, soil properties and rainfall erodibility etc.
(Guo et al., 2013.; Gao and Dong, 2003). However, these values are for both natural and
planted forest/shrub land. Besides, how the result is generated is not described in detail,
and the results are significantly different from that of field work studies. Therefore, they
are not included in this thesis, instead results from different field works are used in this
thesis.
The soil erosion density of farmland and wasteland is based on two studies (Appendix
3), which used the the 137Cs tracing technique. The average soil erosion density of
farmland with different slope gradient varied from 65 to 95t.km2.yr-1 (Zhang et al., 1998).
Soil erosion rate of wasteland is 40t.km2.yr-1 which is classified as grassland in Feng et
al. (2010). The soil erosion density of forest and shrub land is based on results from
other three papers (Appendix 3), in which erosion needle method was used to measure
soil erosion rate of different vegetation species in Ansai county. These studies measured
three arbors (Robinia pseudoacacia, Populus simonii, and Armeniaca sibirica) and two
shrubs (Caragana intermedia and Hippophae rhamnoides). These were the main
species used in the GFGP which take up more than half of the replanted area.
Therefore, these results are expected to be a good representation of the effect of the
GFGP on the soil erosion (Table 5).
Table 5 Average soil erosion rate of different land-use in Ansai County (t/ha/yr)
Wasteland

Farmland

Shrub land

Forest

Range

40

65-95

12-26

15-39

Average

40

80

19

27

To sum up, the GFGP lead to significant reduction of soil erosion, but the effect of the
three types of land use change pattern varied significantly. Conversion of farmland to
shrub land is most effective in soil retention (61 t/ha/yr), followed by conversion of
farmland to forest (53 t/ha/yr), and conversion of wasteland to forest (13 t/ha/yr).
Because the grass and sparse shrubs in wasteland can reduce the erodibility of rainfall
compared to planted forest.
4.2.2. Maintenance of Soil Fertility
Afforestation is effective in enhancing the soil fertility in the arid and semi-arid area (Xu
et al., 2014; Liu et al., 2017). In general, the soil fertility of replanted land increased with
the restoration time in Ansai (Zhang et al., 2007a & Xu et al., 2014). Organic matter,
nitrogen, and phosphorus concentration in soil increased with restoration time after
returning farmland to forest or shrubs land in Ansai county, while there is little change in
the content of kalium in soil (Jiao et al., 2005; Wu, 2017 & Kou et al., 2016). Besides, it
is found that soil fertility decreased in the first 5-10 years but increased afterwards, and
after restored for 20 years, soil fertility exceeds the value in the beginning in some areas
(Jiao et al., 2005). The stop of applying fertilizers in restored area is the cause of the
decline in soil fertility when it is converted from farmland. With the natural community
succession process, soil fertility gradually increased due to supplement from litter and
reduced nutrients loss caused by runoff and soil erosion (Zhang et al., 2007a).
Moreover, it is found that the concentration of organic matter, total nitrogen and
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phosphorus in planted forest is higher than that in natural grassland in the depth of 0100cm, due to more litter (Wu, 2017). Besides, the concentration of nutrients in the
surface (0-20cm) is substantially higher than that in the soil below, and most of the
literature studied the soil at 0-20cm. Therefore, only the nutrient in the soil layer at the
depth of 0-20cm is counted in this study. The concentration of total nitrogen (N) and total
phosphorus (P) at the depth of 0-20cm is selected to indicate the change in soil fertility in
Ansai county under the GFGP. Because they are the most crucial element for the growth
of vegetation.
Soil fertility of surface soil in different land use is getting from five studies in Ansai
(Appendix 3). The soil fertility of forest and shrub land is the average value of results
from three field work studies in Ansai. The concentration of N and P in forest and shrub
land are 0.54 and 0.58g/kg respectively, and that of shrub land is 0.51 and 0.56g/kg
respectively (A et al., 2006; Zhao et al., 2014; & Xu et al., 2014). Regarding farmland,
the concentration of N and P in surface soil is 0.39 and 0.61 respectively, which is the
same result from two studies (Zhao et al., 2014; & Han et al., 2011). However, it is
notable that the high concentration of N and P in farmland is due to the application of
fertilizer (Han et al., 2011). Besides, the concentration of N and P in wasteland is based
on four field work studies in the Ansai county, and the average value is 0.42 and
0.57g/kg respectively (Jiao et al, 2005).
To transfer N/P concentration (g/kg) to N/P stock (kg/ha), bulk density of soil is needed.
The average bulk density (1.25g/ cm3) of surface soil in Yanhe watershed is used to
calculate N and P stock in all land use types to ensure the comparability among different
land uses (Guo, 2017), although revegetation on cropland can improve soil properties
which result in lower soil bulk density in planted forest and shrub land than farmland and
wasteland (Wang et al., 2012, Feng, 2010 & Xu et al., 2014). Because, the change in
soil bulk density after plantation lead to bias estimation of the N/P stock in the original
amount of soil (Wang et al., 2011a). Therefore, the difference in soil bulk density of
different land use is ignored in this calculation. Equation 1 (Yang et al., 2007) is used to
calculate the N and P density in the surface soil (0-20cm) in different land use (Table 6):

𝑊# = 𝑑 ∙ 𝜃# ∙ 𝛽 ∙ 10+

Equation (1)

Where 𝑊# is the density of nutrient 𝑖 or carbon in each land use (kg/ha), 𝑑 is the
thickness of the soil layer (cm), 𝜃# is the concentration of nutrient 𝑖 or carbon (g/kg), 𝛽
is the bulk density of soil (g/cm3).
Table 6 Stock of total N and P in soil of different land-use in Ansai (kg/ha)
Wasteland

Farmland

Shrub land

Forest

N

1056

975

1283

1342

P

1413

1525

1392

1458

The average change rate of soil fertility is soil is calculated with a time span of 20 years,
which is the difference in N and P concentration between previous and current land used
divided by 20 years (table 14). The three types of land use change pattern all lead to the
accumulation of total N in soil which is around 15kg.ha-1.yr-1, but the change in total P is
different among different land use change patterns. Conversion of wasteland lead to
increase in total P by 2kg.ha-1.yr-1, while the conversion of farmland to forest and shrub
land result in decrease in total P by 3 and 7kg.ha-1.yr-1 respectively.
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4.2.3. Water Storage
Soil is one of the natural reservoir for water. Although the soil water content decreased
after afforestation, the water storage capacity of soil increased. Because afforestation
increases soil porosity due to the growth of root and microorganisms of the rhizosphere
(Núñez et al., 2006). Therefore, non-capillary porosities of soil increased after
afforestation, and the capacity of the soil to store water depends on the non-capillary
porosities of the soil. Because non-capillary pore provides the main channel for
gravitational water flow which is important for water regulation and conservation (Liu et
al., 2003). Based on the field work from Feng, 2010, the non-capillary porosities of soil at
the depth of 0-60 cm in different land use are as follow (Table 7):
Table 7 Non-capillary porosities of soil in different land use in Ansai
Wasteland

Farmland

Shrub land

Forest

0-20cm

6.75%

6.88%

7.85%

7.15%

20-40cm

5.37%

2.15%

4.69%

5.14%

40-60cm

4.03%

4.65%

8.09%

4.73%

The water holding capacity of soil is calculated by Equation 2 (Zhang et al., 2010a).
𝑆𝑊 =

.
#/0 𝛽#

∙ 𝑑# ∙ 10+

Equation (2)

Where 𝑆𝑊 is the amount of water can be stored in the soil (m3/ha), 𝛽# is the noncapillary porosities of 𝑖th soil layer (%), 𝑑 is the thickness of the soil layer 𝑖th soil layer
(cm). Therefore, the water storage capacity of soil in different land use is as follow
(Table 8):
Table 8 Water storage capacity of soil in different land use in Ansai (m3.ha-1.yr-1)
Wasteland

Farmland

Shrub land

Forest

323

274

413

340

Table 8 showed that the GFGP enhanced the water storage capacity of soil, which
varied from 17m3.ha-1.yr-1 to 139m3.ha-1.yr-1 (Table 12). The conversion of farmland to
shrub land is most effective in improving the water storage capacity of soil, followed by
conversion of farmland to forest, and conversion of wasteland to shrub land.
4.2.4. Microclimate Regulation
Vegetation can regulate local microclimate through modifying solar radiation, wind
speed, air temperature and relative humidity (McPherson et al., 1997). There are many
studies focus on the effect of urban forest on reducing ambient temperature by shading
on buildings in residential area (McPherson et al., 1997; Jim & Chen, 2009), while few
studies are done is remote areas in China.
Studies showed that planted vegetation has an impact on regulating microclimate in
Loess Plateau, including cooling air temperature in summer, reducing wind speed and
increasing air humidity (Yang and Han, 2002; Xu et al., 2010b; & Jiang, 2007). However,
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only the cooling effect of vegetation in summer is investigated in this thesis to estimate
the change in microclimate regulation services under the GFGP.
In Ansai, air temperature in the planted forest is found to be significantly lower than that
on barren land and farmland in day time in summer, due to cooling effect by
evapotranspiration and absorption of solar radiation by canopy (Xu et al., 2010b; Wang
et al., 2010; & Jiang, 2007). On the contrary, the air temperature of vegetation land is
higher than that in barren land in the night (Xu et al., 2010b). Because air temperature is
mainly influenced by ground thermal radiation, and vegetation can reduce the reflection
of long-wave radiation and reduce wind speed which lead to heat preservation effect (Xu
et al., 2010b & Yang and Han, 2002). But the extent of the cooling effect of forest is
better than shrub land (Jiang, 2007 & Wang et al., 2010). However, the cooling effect of
vegetation is highly influenced by canopy density (Feng et al., 2009 & Morecroft et al.,
1998). Field work in Ansai showed that summer air temperature in planted forest and
shrub land was around 1.5 °C and 0.5 °C lower than that in barren land respectively. (Xu
et al., 2010b; Wang et al., 2010; & Jiang, 2007). In the study of Jiang, 2007, daytime
average air temperature of all four land use types in Ansai was measured. It is used to
quantify the cooling effect of the vegetation under the GFGP (Table 9). In the study of
Jiang, 2010, air temperature was measured at the height of 1.5m in each season.
However, only the result in summer is used in this study. Besides, the air temperature of
wasteland is based on that of grass land, while farmland is based on the result of barren
land in the study.
Table 9 Daytime average temperature of different land use in Ansai in summer (°C;
Jiang, 2007)

July

Wasteland

Farmland

Shrub land

Forest

29.3

30.3

28.9

28.6

The result showed that ambient temperature was reduced by 1.7°C and 1.4°C when
farmland was converted to forest and shrub land respectively (Table 12). The decrease
in daytime air temperature in summer is less significant when wasteland is converted to
forest, which is 0.7°C (Table 12).
4.2.5. Carbon Sequestration
Conversion of farmland to vegetation enhanced carbon sequestration by soil and plants
from the atmosphere, through input of soil organic matter (SOM) from plant litter and
photosynthetic reaction respectively (Feng, 2010; Song et al., 2014). These two
reservoirs both played an important role in carbon sink. Therefore, both of them are
included in this thesis to quantify the change in carbon stock due to the GFGP. Carbon
sequestration rate varied among different land use and even different plant species.
However, it is only distinguished between forest and shrub in this thesis due to time and
data limitation. Carbon stock in the biosphere is mainly fixed by forest followed by shrubland and grassland, while farmland contributed to the carbon sequestration rarely (Zhou
et al., 2014; Zhao et al., 2013a; Feng et al., 2017). It is notable that carbon fixed by
farmland is equal to the stock in soil. Because carbon fixed by vegetation is assumed to
be zero, as crops in farmland were harvested every year. The detailed data about
carbon sequestration rate in these two reservoirs are described below, based on results
from many literature.
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4.2.5.1. Carbon Sequestration in Biomass
The increase in vegetation cover after the implementation of the GFGP lead to increase
in the Net Primary Production (NPP) and corresponding carbon sequestration by the
biomass. The amount of carbon fixed by plants can be indicated by the NPP based on
the photosynthetic reaction, and the amount of carbon fixed by the trees or shrubs are
equal to 0.44 times of the NPP. Except for trees, understory vegetation also contributed
to carbon sequestration which is around 0.016t.ha-1.yr-1 (Wang et al., 2015). However, it
is too small so that it is excluded from the study. It is reported that the NPP of the
northern Shaanxi area showed an increasing trend in the period of 2000-2010, which is
partly contributed by the GFGP (Zhang & Ren, 2015).
However, the result of carbon sequestration studies strongly differ. Wang et al. (2005)
estimate an carbon sequestration rate of 0.48t.ha-1.yr-1 (Wang et al., 2015), while Liu et
al. (2010) 1.27t.ha-1.yr-1. This is probably caused by the difference in restoration age of
the planted forest in these studies. Besides, the carbon sequestration lags in time,
because the initial growth of seedlings was slow and it increased afterwards when the
young forest was formed (Zhou et al., 2014). Besides, carbon stocks of planted forest in
the Loess Plateau showed an increasing trend in the first four decade, and decrease
afterwards (Liu et al., 2010). Results from the study of Liu et al. (2010) showed that
carbon sequestrated by forests planted for 39 years is 1.27t.ha-1.yr-1. This is similar as
the average carbon sequestration rate of forest in the Loess Plateau, which is 1.87t.ha1
.yr-1 (Wang et al., 2014).
The carbon sequestration rate of shrub lands in biomass is 0.85t.ha-1.yr-1 in the study of
Wang et al. (2014). However, there is lack of data about the carbon sequestration rate of
wasteland in Ansai county. In the study of Ma (2013), average carbon density of
Hippophae rhamnoides Linn and Caragana korshinskii shrub land is around 6t/ha, and
the carbon density of natural grass land is around 4t/ha, which is classified as wasteland
in this study (Ma, 2013). Therefore, the carbon sequestration rate of wasteland is
assumed to be two thirds of that of shrub-land and it is 0.57t.ha-1.yr-1.
4.2.5.2. Carbon Sequestration in Soil
Afforestation is helpful for the increase in soil organic carbon concentration (Wang et al.,
2011a; Shi and Han, 2014; Deng et al., 2014). The amount of carbon fixed by the soil is
indicated by the change in the concentration of soil organic carbon. It is found that the
concentration of Soil Organic Carbon (SOC) in upper soil layer increased with the
restoration or afforestation time in Ansai county (Xue et al., 2005; Wang et al., 2015; &
Wang et al., 2011a). Regarding the temporal change, SOC in the top soil (0-20cm)
decreased in the first five years, and then increased significantly after 20 years, while the
soil carbon content in deeper soil increased gradually and slower (Paul et al., 2002;
Deng et al., 2014; Song et al., 2014; Zhao et al., 2013a). Besides, the content of soil
organic matter is significantly higher at the surface (0-20cm) compared to the soil below,
and decreased with the depth of the soil (Fu et al., 2010; Wang et al., 2015 & Song et
al., 2014), and the SOC of surface soil is more susceptible to the land use change (Fu et
al., 2010; Wang et al., 2015; Song et al., 2014). Therefore, only SOC in the surface soil
(0-20cm) is quantified in this study.
However, there is large uncertainty in the effect of afforestation on SOC sequestration
which depends on the vegetation species, climate, prior land use and plantation age (Liu
et al., 2017; Paul et al., 2002; Shi et al., 2016). Soil organic carbon density was
calculated using Equation (1). When the literature give the value of soil organic matter in
20

soil, the concentration of SOC was obtained through multiplying a conversion factor of
0.58 (Mann, 1986).
The result from the study of Wang et al. (2012) is used in this thesis, which is consistent
with results from other studies that SOC sequestration rate in the top soil (20cm) of
vegetation land converted from farmland varied from 0.29 to 0.54t.ha-1.yr-1 in the Loess
Plateau (Chang et al., 2011; Zhang et al., 2010b; Deng et al., 2013; Zhao et al., 2013a;
Shi & Han, 2014). The carbon sequestration rate of soil in planted forest, shrub land,
wasteland, and farmland in Ansai is 0.49, 0.39, 0.23, and 0.2 t.ha-1.yr-1 respectively
(Wang et al., 2012). The carbon sequestration rate of each land use is shown in Table
10.
Table 10 Carbon sequestration rate of different land use in Ansai (t.ha-1.yr-1)
Wasteland

Farmland

Shrub land

Forest

0.00
0.21

0.85

1.27

Soil

0.57
0.23

0.39

0.49

Total

0.80

0.21

1.24

1.76

Biomass

In general, the implementation of the GFGP lead to a higher carbon sequestration rate in
the Ansai county. These three land use change patterns contributed to it in different
degree. Conversion of farmland to forest is most effective in increasing the carbon
sequestration rate, which is 1.55t.ha-1.yr-1 (Table 12), while the carbon sequestration rate
increased by around 1 t/ha/yr due to the other two land use change patterns.
4.2.6. Air purification
Vegetation can improve local air quality by removing pollutants from the atmosphere.
Most gaseous pollutants are removed by vegetation through absorption of pollutants via
stoma, while others such as particles and dust are mainly intercepted and deposit on the
leaf and bark surface (Niinemets et al., 2014; Nowak et al., 2006; Nowak et al., 2014).
However, the capacity of plants to remove pollutants varied from site to site, for
example, sulfur dioxide (SO2) removal rate of forest in different cities varied from 1 to 35
kg/ha in the US (Nowak et al., 2006). It is influenced by the local meteorology, plant
species and pollutant concentration of the study area (Nowak et al., 2006).
In this study, SO2 and dust are selected to indicate the change in air purification
ecosystem services due to the GFGP. Because there is little industrial pollution in Ansai
county and data for these two indicators is available.
Based on experimental studies in Xian, the dust and SO2 removal rate of arbors is higher
than that of shrubs (Du & Wang, 2017). However, there is lack of research on the effect
of planted vegetation on air purification in Shaanxi. Therefore, the result from a study in
Zhengzhou is used to estimate the amount of dust and SO2 removed by forest and shrub
land. The annual dust and SO2 removal rate of forest are 85 kg/ha and 12.9 t/ha (Tian et
al., 2007) which are similar as the result for broad-leaved forest in ‘Research Report on
China’s National Biodiversity’ (SO2: 88.7 kg/ha/yr, dust: 10.11 t/ha/yr). The value for
wasteland is based on the result for grassland in this study. The SO2 and dust removal
rate of each land use is shown in Table 11.
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Table 11 Removal of SO2 and dust by different land use in Ansai

SO2 absorbing
(kg.ha-1.yr-1)
Dust removal
(t.ha-1.yr-1)

Wasteland

Farmland

Shrub land

Forest

8.9

12.5

18.9

85

0.5

2.1

3.2

12.9

To sum up, conversion of wasteland to forest is most effective in improving air
purification service, by which SO2 and dust was annually reduced by 76 kg/ha and 12.4
t/ha respectively (Table 12), and it is similar as conversion of farmland to forest.
However, the annual reduction of SO2 and dust by converting farmland to shrub land is
not significant, which is 6.4 kg/ha and 1.1 t/ha respectively.

4.3. Habitat services (Biodiversity protection)
Afforestation is an effective way to enhance biodiversity (Brockerhoff et al., 2008),
especial plantation on cultivated land. It provided basic habitat for animals and
accelerated forest succession. It is reported that species richness of herbaceous plants
in planted forest increased with the age of the planted forest in Ansai county (Kou et al,
2016), because older forests provide better environment for plant than younger forest
due to higher spatial and vertical heterogeneity (Brockerhoff et al., 2008). More than 50
plant species were find in the Robinia pseudoacacia forest planted for 40 years in Ansai,
and the species composition of planted forest is higher than that of wasteland (Kou et al,
2016). However, the species richness in natural forest is found to be higher than that in
planted forest (Kou et al., 2016; Hua et al., 2016; Bu et al., 2005). Because most of
planted forests are in monoculture way, and biodiversity of birds in mixed forests is
significantly higher than that in monoculture forest (Hua et al., 2016). However, there is
no significant difference between the biodiversity of planted forest and shrub land in the
Loess Plateau area (Mo et al., 2010 & Hu et al., 2006a). In general, species richness of
herbaceous plants in planted forest and shrub land reached 31.34-34.1 and 31.8-33.23
respectively in Ansai county (Bu et al., 2005). The results from the study of Bu et al.
(2005) is used in this study. The Shannon-Wiener index of planted forest and planted
shrub land with age of 40 years is around 1.9, while that of wasteland is around 1.3 (Bu
et al., 2005). However, there is lack of data on the Shannon-Wiener index of farmland in
Ansai county.
The Shannon-Wiener index of herbaceous plant in each land use is selected as an
indicator for biodiversity in each land use.
The Shannon-Wiener index takes into account species richness and proportion of each
species within the local aquatic community. The calculation of Shannon-Wiener index is
as Equation 3 (Wang et al., 2017c):
𝐻=−

6
#/0 𝑃#

ln 𝑃#

Equation (3)

where 𝐻 is the Shannon-Wiener diversity index and 𝑃# is the weight proportion of i
species to the total biomass.

4.4. Cultural Service (Aesthetic value)
The aesthetic value of the forest and shrub land is selected, because the ecological
forest and shrub land under the GFGP are restored and not used for any touring
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activities. However, due to lack of data about quantitative ecological indicators, this
cultural service will be valuated directly in 5.4 Section by benefit transfer method.

4.5. Synthesis
The change in each ecosystem service due to the GFGP can be calculated by the
difference in the supply of ecosystem services between current and former land use,
which is described above. This is the area-averaged benefit produced by forest and
shrub land under the GFGP in terms of ecosystem services. Therefore, the calculation
consists of three part, based on the three types of land conversion, namely farmland to
forest, farmland to shrub land, and wasteland to forest (Table 12). However, the change
in habitat services and cultural services supply is not included, because they will be
valuated directly.
Regarding the eleven ecosystem services studied, one provisioning service (fruits & nuts
production), six regulating services (soil retention, maintenance of soil fertility, water
storage, microclimate regulation, carbon sequestration, and air purification), one habitat
service (biodiversity protection), and one cultural service (aesthetic information)
improved, while two provisioning services (grain production and water provisioning)
reduced.
The annual grain production was reduced by 2,080kg/ha due to restoration on farmland.
Besides, revegetation lead to an average decrease in water provisioning and total P
concentration in the surface soil (0-20cm) by 235m3.ha-1.yr-1 and 1kg.ha-1.yr-1
respectively. However, the concentration of total N increased by 16kg.ha-1.yr-1 under the
GFGP. The GFGP enhanced the soil retention service of the converted land by 35t.ha1
.yr-1. Meanwhile, annual water storage and carbon sequestration increased by 53 m3/ha
and 1 m3/ha respectively. Temperature in the current land use was 1°C degree lower
than that in previous land use. Regarding air purification service, conversion of land can
remove an extra amount of SO2 (66 kg.ha-1.yr-1) and dust (10 t.ha-1.yr-1) averagely.
Besides, there is no significant difference in Shannon-Wiener index among forest,
wasteland, and shrub land.
However, ecological impact differs among three land use change activities under the
GFGP. For example, soil retention and water storage services, conversion of farmland to
shrub land is the most effective pattern, followed by conversion of farmland to forest and
wasteland to forest. The increased carbon sequestration rate due to conversion of
farmland to forest is 1.5 times of that of the other two land use change patterns.
Conversion of farmland and wasteland to forest is more effective in improving in air
purification service than conversion of farmland to shrub land.
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Table 12 Difference in ES supply under each land use conversion in Ansai
Former land-use
Current land-use
Area (ha)
Food
Production
(kg.ha-1.yr-1)

Farmland

Wasteland

Farmland

Farmland

Ecological
forest
26943

Ecological
forest
35567

Economic
forest
4063

Shrubland
9980

Average
76553

Apricot
Kernel

+10

/

Apple

+3100

/

Walnut

+1125

/

Grain
Water Provisioning
(m3/ha/yr)
Soil Retention
(t/ha/yr)
Soil Fertility total N
(kg.ha-1.yr-1) total P
Water Storage
(m3.ha-1.yr-1)
Microclimate
regulation (°C)
Carbon Sequestration
(t.ha-1.yr-1)
SO2 (kg
/ha/yr)
Air
Purification
Dust
(t/ha/yr)

-2080

-2080

-2080

-235

/
-235

+53

+13

+53

+61

35

+18

+14

+18

+15

16

-3

+2

-3

-7

-1

+67

+17

+67

+139

53

-1.7

-0.7

-1.7

-1.4

-1

+1.55

+0.96

+1.55

+1.03

1

+72.5

+76.1

+72.5

+6.4

66

+10.8

+12.4

+10.8

+1.1

10

Note: The unit for each ecosystem service is different, which is indicated in the left-hand columns
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5. Valuation of Ecosystem Service
In this section, different valuation methods (Appendix 4) are used to analyze the
monetary value of ecosystem services quantified in Chapter 4.

5.1. Provisioning services
The monetary value of provisioning services is easy to capture, as they are traded in
markets. Therefore, all provisioning services are valuated through direct market
valuation method, such as, market pricing, factor income and public pricing.

5.1.1. Food Production
As described in Section 4.1.1, the change in food production service induced by the
GFGP includes decreased yield of grains due to less farmland, and increased production
of apricot kernel, apple and walnut due to more economic forest. The economic value of
the provisioning services is evaluated by direct market pricing method which is the direct
use value of these products. For food production services, it is equal to the productivity
of the food times the price of the agricultural product and the area of the land. It is known
that the price of apricot kernel, apple, walnut and grains is 5.5 US$/kg* (Shu, 2011), 1
US$/kg (Liu & Li, 2017), 3.5 US$/kg (Liu, 2011), and 0.2 US$/kg (Xu et al., 2004b)
respectively. Besides, economic forest is assumed to planted in the proportion of 65%,
23% and 12% for apricot, apple and walnut respectively each year (Section 3.2).
Therefore, the economic value of food production service provided by economic forest is
equal to the weighted mean value of these three food, which is around 875 US$/ha/yr.
The reduced economic value of grains produced by farmland is -418 US$/ha/yr.
Therefore, the change in the economic value of food production service due to the
GFGP is as Table 13.
Table 13 Difference in economic value of food production service under each land use
change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
Grain Production
Fruit & Nut

Farmland

Wasteland

Farmland

Ecological
forest
-418
0

Ecological
forest
0
0

Economic
forest
-418
2238

Farmland
Shrub land
-418
0

5.1.2. Water provisioning
The economic value of change in water provisioning is equal to the change in runoff
volume times the price of agricultural water. The main domestic water is from dams built
along Yanhe river and its tributary. Besides, the water in Yanhe river is used for irrigation
water. Therefore, the price of agricultural water in Ansai county is used to evaluate the
monetary value of change in runoff, which is around 0.04 US$/m3 (China City Water,
2018). Therefore, the economic value of the impact of the GFGP on water provisioning
service is -720 thousand US$/yr. The total area of converted land under the GFGP in
*

Note: the exchange rate of yuan and US$ used in this thesis is based the value in 2010, which was 6.77 in
OECD exchange rate date (retrieved from: https://data.oecd.org/conversion/exchange-rates.htm in 12 April
2018)
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Ansai is 76,553 ha. Therefore, the area-averaged value of reduced water provisioning
service of the GFGP is -10 US$/ha/yr.

5.2. Regulating services
Most of the regulating services are non-material and thus is difficult to be captured the
value, because it is not sold in the market. Indirect market valuation method is often
used to value regulating services, such as, avoided cost method, replacement cost
method, and travel cost method.

5.2.1. Soil retention
Most of the soil eroded will deposit in river, which lead to rise of river bed. This reduced
the water storage capacity of natural reservoirs including river and lake. Therefore, the
monetary value of soil retention service provided by vegetation can be valuated through
replacement cost method, in which the cost for dam construction is used (Equation 3).
The cost for construction dam was 1.2 US$/m3, based on result from the eighth
assessment of forest ecological services (Project team of Assessment forest ecological
services in China, 2010).
𝐸9 = 𝐴 ÷ 𝛽 ×24%×𝐶
(Zhang et al., 2013)

Equation (3)

Where 𝐸9 is the monetary value of soil retention service (US dollar/ha/yr), 𝐴 is the
amount of soil prevented from soil erosion (t/ha/yr), 𝛽 is bulk density of soil (1.25 t/m3),
24% is the average rate of soil erosion that deposited in river and lake in China; 𝐶 is the
cost for constructing dam (1.2 US$/m3).
Therefore, the economic value of change in soil retention service under different land
conversion pattern is as follow (Table 14). All three land use change patterns lead to
increase in economic value of soil retention service. The effect of conversion farmland to
forest and shrub land were similar, and they were all more effective than conversion of
wasteland to forest regarding soil retention service.
Table 14 Difference in economic value of soil retention service under each land use
change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
Soil retention

Farmland

Wasteland

Farmland

Ecological
forest
13

Ecological
forest
3

Economic
forest
13

Farmland
Shrub land
15

5.2.2. Maintenance of Soil Fertility
The effect of vegetation on increasing soil fertility can be evaluated through replacement
cost method. It reflects the indirect use value of the ecosystem services provided by
forest and shrub land. It is equal to the reduced cost for fertilizers, which is calculated by
Equation 4 (Zhang et al., 2013). The price for (NH4)2HPO4 fertilizer from Ministry of
Agriculture and Rural Affairs of the People’s Republic of China in 2007 spring was 0.4
US$/kg (Zhang et al., 2013).
𝐸@ =

𝑊# ÷ 𝑖%×𝑃# (𝑖 = 𝑁, 𝑃)

Equation (4)
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Where, 𝐸@ is the economic value of maintenance of soil fertility service (US dollar/ha),
𝑊# is the density of N and P in soil (kg/ha), 𝑃# is the price of (NH4)2HPO4 fertilizer
+E
(US$/kg), 𝑖% is the weight ratio of N and P in (NH4)2HPO4, which is
and
F0
0F+

0F+

respectively.

Table 15 Difference in economic value of maintenance of soil fertility service under each
land use change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
N

Farmland

Wasteland

Farmland

Ecological
forest
34

Ecological
forest
26

Economic
forest
34

P
Total

-5
29

3
30

-5
29

Farmland
Shrub land
28
-12
16

Therefore, the impact of the GFGP on the economic value of land in Ansai regarding the
maintenance of soil fertility service is as Table 15. All three land use change patterns
lead to increase in value, and increase due to conversion of farmland to shrub land is
almost half of the other two land use change patterns, which is 16 US$/ha/yr.

5.2.3. Water Storage
The increase in soil non-capillary porosities lead to increased water storage capacity of
soil, which is one of the natural reservoir for water. Therefore, the economic value of
water storage service provided by forest and shrub land can be evaluated by the cost for
constructing dam with equivalent water storage volume. It is equal to the price for
constructing dam (1.2 US$/m3) times the increased water storage capacity in soil
(m3/ha), and the result is as follow (Table 16):
Table 16 Difference in economic value of soil water storage service under each land use
change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
Value

Farmland

Wasteland

Farmland

Ecological
forest
82

Ecological
forest
21

Economic
forest
82

Farmland
Shrub land
173

In general, the implementation of the GFGP lead to increase in soil water storage
capacity in Ansai which worth 21-173 US$/ha/yr depending on the land use change
pattern. Conversion of farmland to shrub land have the highest economic value
regarding soil water storage service, which is 173 US$/ha/yr. Followed by conversion of
farmland and wasteland to forest which is 82 US dollar/ha/yr and 21 US$/ha/yr
respectively.

5.2.4. Microclimate Regulation
The cooling effect of planted vegetation can be estimated by the avoided cost method.
There are mainly two methods used to estimate the economic value of microclimate
regulation service. One is based on the saving cost of electricity for air conditioner in
residential area, the another is based the saving cost of heating energy for evaporating
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equivalent amount of water which is commonly used in Chinese studies (Jim & Chen,
2009). However, most studies focused on urban area which have a higher economic
value than the case in Ansai county. Because, the cooling effect of vegetation decreased
with the distance (Derkzen et al., 2015), and the land use conversion took place in
remote area in Ansai county. Therefore, it is assumed that 10% of the value from other
studies in urban area is applied in this thesis.
The economic value of cooling effect provided by urban forest varied from 860 to 12370
US dollar/ha/yr in studies in three Chinese cities, due to different methodology (Jim &
Chen, 2009). Therefore, the average value of forest’s cooling effect in 25 cities all over
the world in Elmquvist and others’s study is used to minimize the variance caused by
different valuation methods, which is 1412 US dollar/ha/yr (Elmqvist et al., 2015).
Therefore, the economic value of microclimate regulation service provided by forest
converted from farmland is 141 US dollar/ha/yr (Table 19), and that of shrub land and
forest converted from wasteland is 116 and 58 US dollar/ha/yr respectively (Table 17),
which is in proportion to the reduced air temperature by each land use conversion
pattern in Table 12.
Table 17 Difference in economic value of microclimate regulation service under each land
use change pattern in Ansai in 2010 (US$ /ha/yr)
Former
land-use
Current
land-use
Value

Farmland

Wasteland

Farmland

Ecological
forest
141

Ecological
forest
58

Economic
forest
141

Farmland
Shrub land
116

To sum up, the GFGP lead to increase in the value of microclimate regulation service
provided by each land which varied from 58 US dollar/ha/yr to 141 US dollar/ha/yr.
Conversion of farmland to forest has the highest value while conversion of wasteland to
forest is the lowest.

5.2.5. Carbon Sequestration
The monetary value of carbon sequestration service can be evaluated by direct market
price method. Since carbon tax is not required in China by now, the carbon tax in
Sweden is used in this thesis. The Sweden carbon tax is 1150 SEK per tonne carbon
dioxide in 2018, based the data on the official website of Sweden government
(Government Offices of Sweden, 2018), which is equal to 236 US$ per ton carbon taking
the exchange rate of 8.55 on OECD website (OECD, 2018). In order to use the value in
this thesis, the equivalent value in China in 2010 is calculated based on purchasing
power parities (PPP). The PPP of Sweden in 2017 is 9.125 while the PPP of China in
2010 is 3.308 (OECD, 2018). Therefore, the carbon tax is 86 US$/t in this thesis.
Combined with the carbon sequestration rate of each land use in section 4.2.5, the
economic value generated by each land use change pattern regarding carbon
sequestration service is as follow (Table 18).

28

Table 18 Difference in economic value of carbon sequestration service under each land
use change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
Value

Farmland

Wasteland

Farmland

Ecological
forest
133

Ecological
forest
82

Economic
forest
133

Farmland
Shrub land
88

5.2.6. Air Purification
The economic value of air purification service can be estimated through reduced cost
method, which is equal to the cost for removing SO2 and dust. The cost for removing
SO2 and dust is based on the administrative regulations on pollutants discharge fee,
published by national development and reform commission in 2003, and the regulation
was implemented until 2017 (Zhang et al., 2013). Therefore, the value of pollutants
discharge fee was the same in 2010, which were 0.2 US$/kg and 22 US$/t for SO2 and
dust respectively. Therefore, the economic value of air purification service provided by
forest and shrub land is as follow (Table 19).
Table 19 Difference in economic value of air purification service under each land use
change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use
SO2

Farmland

Wasteland

Farmland

Farmland

Ecological
forest
13

Ecological
forest
13

Economic
forest
13

Dust

239

275

239

24

Total

252

288

252

26

Shrub land
1

In general, conversion of farmland and wasteland to forest increased the value of air
purification service by more than 250 US$/ha/yr, while that of converting farmland to
shrub land is only 26 US$/ha/yr.

5.3. Habitat service (Biodiversity protection)
There are different methods available to calculate the monetary value of biodiversity
protection service. In this thesis, the method in the forestry standard – “Specifications for
assessment of forest ecosystem services in China” (LY/T 1721-2008) published by state
forestry administration is used. The value of biodiversity protection service provided by
forest is based on its Shannon-Wiener index of herbaceous plants (Table 20).

29

Table 20 Value of biodiversity protection service of forest in China (US$/ha/yr; retrieved
from ‘Specifications for assessment of forest ecosystem services in China’ LY/T 17212008)
Shannon-Wiener Index
<1
1-2 (including 1)
2-3 (including 2)
3-4 (including 3)
4-5 (including 4)
5-6 (including 5)
>6 (including 6)

Value
443
739
1477
2954
4431
5908
7386

This valuation method based on the ecological indicator (Shannon-Wiener index) which
is objective and reliable (Wang et al., 2008). This method focused on the diversity of
number of species and evenness of species, without emphasis on the protection for rare
species. However, there is no rare species found in planted vegetation in Ansai.
Therefore, this method is suitable for evaluating the economic value of biodiversity
protection service in planted forest and shrub land in Ansai. The value for farmland is
assumed to be less than forest and shrub which is 443 US$/ha/yr. Because the diversity
of plant species in farmland is always lower than forests and shrub lands. Therefore, the
economic value of forest and shrub land regarding biodiversity protection is as follow
(Table 21).
Table 21 Difference in economic value of biodiversity protection service under each land
use change pattern in Ansai in 2010 (US$/ha/yr)
Former
land-use
Current
land-use

Farmland

Wasteland

Farmland

Farmland

Ecological
forest

Ecological
forest

Economic
forest

Shrub land

Value

295

0

295

295

In general, the GFGP increased the value of biodiversity protection service by 295
US$/ha/yr, except conversion of wasteland to forest. However, it is lower than the
average value of biodiversity ecosystem service provided by forest in the Shannxi
province is around 1590 US dollar/ha (Niu et al., 2012). This is caused by the difference
in biodiversity of planted forest and natural forest. Because, the former one is the
average value for all types of forest in the Shaanxi province which includes natural
forest, economic forest, ecological forest and shrub land.

5.4. Cultural service
There is lack of research on the valuation of cultural service provided by planted
vegetation under the GFGP in China. Therefore, the result from Zhou and Li (2014) is
used to estimate the change in the economic value of cultural service due to the GFGP.
The value of aesthetic information service and recreational service provided by forest,
wasteland, farmland is 133, 4, and 1 US$/ha/yr respectively (Zhou & Li, 2014). The
value is based on unit value approach initiated by Xie et al (2008), which is the national
average value for each ecosystem in China based on experts’ knowledge. It is notable
that the value for wasteland is based on the result for grassland. Besides, it is assumed
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that the value of shrub land is the same as that of forest, because it was not
distinguished in the study. Therefore, the change in economic value of cultural service
induce by the GFGP under different land use change pattern is as Table 22. In general,
the GFGP increased the cultural service of land in Ansai county by around
130US$/ha/yr.
Table 22 Change in economic value of cultural service in Ansai county (US$/ha/yr)
Former
land-use
Current
land-use
Aesthetic
information

Farmland

Wasteland

Farmland

Farmland

Ecological
forest

Ecological
forest

Economic
forest

Shrub land

132

129

132

132

5.5. Synthesis
In general, the implementation of the GFGP provided a total benefit of 55 million US$/yr
for the Ansai county by 2010, regarding 11 ecosystem services. The area-averaged
change-value was 718US$/ha/yr. Among these 11 ecosystem services, provisioning of
nine ecosystem services increase after the implementation of the GFGP, except for two
provisioning services.
The benefit of the GFGP is the sum of the economic value of these 9 increased
ecosystem services, which is estimated to worth 73 million US$/yr. This is calculated by
the sum of positive value in the far-right column (Change in TEV) in Table 23. However,
there is a large difference among the contribution of each ecosystem service to the
benefit of the GFGP. Air purification account for 25% of the benefit, followed by
biodiversity protection service (16%) and aesthetic information method (14%). The
percentage is calculated by dividing the change in TEV of each ecosystem service with
73 million US$/yr, which is the total annual benefit of the GFGP after 2010. In contrast,
the contribution of soil retention service in monetary value is around 1%, and that of
maintenance of soil fertility is 3%. However, this is the monetary value of these two
ecosystem services, which is not equal to their ecological impact. Because the monetary
value is influenced by the valuation method used. It is notable that the environmental
impact of the GFGP regarding prevention of soil erosion is significant, and the soil
erosion was reduced by half in the period of 1999-2010 in Ansai.
On the contrary, the GFGP project lead to reduction in grain production and water
provisioning services, which is considered as cost of the GFGP. The total economic
value of reduced ecosystem services is -18 million US$/yr, which is the sum of negative
values in the far-right column (Change in TEV) in Table 23. It is notable that grain
production service account for more than 95% of the decrease. Regarding food
production service (both grain production and fruit & nut production services), the
change in TEV of converted land is negative which is around -8 million US$/yr. This is
due to the significant difference in the area of economic forest and farmland involved in
the GFGP. Besides, it is notable that the economic value of ecosystem services is highly
influence by the valuation method used, and each valuation method has its own
advantages and disadvantages (Hou et al., 2013).
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Table 23 Difference in the Total Economic Value of converted land under each land use
change pattern in Ansai in 2010
Farmland

Wasteland

Farmland

Ecological
forest
26943

Ecological
forest
35567

Economic
forest
4063

Shrub
land
9980

Grain

-418

0

-418

-418

-17

Fruit & Nut

0

0

2238

0

9.1

Former land-use
Current land-use
Area (ha)
Provision
-ing
Services

Habitat
Service

Water
Provisioning
Soil
Retention
Soil Fertility
Water
Storage
Microclimate
regulation
(°C)
Carbon
Sequestration
Air
Purification
Biodiversity
Protection

Cultural
Service

Aesthetic
information

Regulating
Services

Sum (US$/ha/yr)
Change in TEV
(million US$/yr)

Farmland

-10

Total
(million
US$/yr)

-0.8

13

3

13

15

0.7

29

30

29

16

2.1

82

21

82

173

5.0

141

58

141

116

7.6

133

82

133

88

7.9

252

288

252

26

18

295

0

295

295

12

132

129

132

132

10

649

601

2887

434

17

21

12

4.3
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Note: Different units are used in this table, the unit for area is ha, the unit for the economic value
of each ecosystem service and its sum is US dollar/ha/yr; the unit for total is million US dollar /yr.

Comparing the impact of each land use change pattern on the change in total economic
value, conversion of farmland to forest is the most effective way regarding all 11
ecosystem services. This is indicated by the value in the second-to-last row which is the
area-averaged value of gain in the total area of each land conversion practice.
Conversion of farmland to forest is the most beneficial practice which led to a gain in
TEV by 649 US$/ha/yr, while conversion of farmland to shrub land is the most ineffective
way which led to a gain in TEV by 434 US$/ha/yr.
The difference between converting farmland to ecological and economic forest is not
studied in this thesis, although the value produced by per hectare of economic forest is
higher than that of ecological forest in Table 23. Because the provisioning of regulating,
habitat and cultural ecosystem service by economic forest is assumed to be the same as
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that of ecological forest, but it is always different depending on the management (Zhang
et al., 2007b). Therefore, there is bias in the estimation of the economic value of
economic forest in this thesis.
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6. Integrated Cost-benefit Analysis and NPV of the GFGP
In this chapter, integrated cost-benefit analysis is applied to study the monetary effect of
the GFGP regarding environmental, social and economic aspects. Besides, the Net
Present Value (NPV) is calculated to analyze the long-term effects of the GFGP.

6.1. Integrated Cost-benefit Analysis
Based on the result from Chapters 4 and 5, the benefit and cost of the GFGP regarding
each service or disservice is known. Another cost of the GFGP is needed to analyze the
cost-benefit of the GFGP, which is the subsidy provided by the government.

6.1.1. Benefits of the GFGP
The benefit of the GFGP is calculated as the sum of the economic value of the nine
increased ecosystem services, based on the result from Chapter 5. An assumption is
made during the calculation that ecosystems provide ecosystem services only three
years after planted. Because vegetation cannot provide ecosystem services immediately
after it is planted, because the tree is in the state of sprout which is not able to provide
these ecosystem services. The time for seed to become forest is around 3-5 years (Zhou
et al., 2012). The economic value gain is mainly from regulating services because the
number of regulating services studied is bigger than the other three groups of ecosystem
services. The economic value of provisioning services, habitat services, and cultural
services is similar (Figure 5).

Figure 5 Benefits of the GFGP in Ansai county from 1999 to 2023

6.1.2. Costs of the GFGP
The subsidies provided by the government is 1500kg of grain per ha of converted
cropland per year which is equal to 330US$/ha/yr in the upper and middle reaches of the
Yellow River Basin, and 50 US$/ha/yr for miscellaneous expenses (Li & Shi, 2016). The
duration of subsidies is: 5 years for economic forest and 8 years for ecological forest (Liu
et al., 2008a). In addition, 120 US$/ha for seeds was provided at one time in the
beginning of the afforestation (Liu et al., 2008a).
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Since farmers only planted the trees and shrubs, and vegetation grow in natural
environment without any management, such as watering or fertilizing. Therefore, the
cost for the implementation of the GFGP is the price for seeding. It is known that the cost
for seeding varied from 145 US$/ha to 380 US dollar/ha based on the price of Robinia
pseudoacacia (Dai et al., 2009; & Li & Shi, 2016), and it is much lower than the amount
of subsidy provided by the government. Therefore, for simplification of the study, the
cost of the GFGP is equal to the amount of subsidy provided by the government (Table
24). Besides, the opportunity cost of reduced grain production due to less farmland is
also counted in this thesis, which is already included in Section 5.5 as the reduced
production of grains.
Table 24 Subsidy of the GFGP in Ansai (US$/ha/yr; Li & Shi, 2016)
Grain

Miscellaneous
expenses

Seeding

Subsidy

330

50

120

Duration

Ecological forest: 8 years;
Economic forest: 5 years

Only first year

Therefore, the total amount of subsidy provided to farmers under the GFGP was 237
million US dollars, and the subsidy was paid off by 2017 (Figure 6). The detailed
calculation of subsidy paid each year is showed in Appendix 5. Besides, the total
economic value of reduced services induced by the GFGP was 396 million US$ over 25
years. Based on the assumption that ecosystem services are provided after vegetation is
planted for three years. However, the grain production service is counted from the first
year, because once farmland was converted to vegetation, grain production decreased
immediately. In contrast, the disservice of water provisioning services is counted from
2002. The same applies for calculation of other ecosystem services in Section 6.1.2.

Figure 6 Costs of the GFGP in Ansai county from 1999 to 2023

6.1.3. Integrated Cost-benefit of the GFGP
The cost-benefit analysis method is a decision-making tool to systematically appraise
the environmental implication of a decision/project in monetary value (Atkinson &
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Mourato, 2008). The cost-benefit of a project is the result of subtracting the cost of
implementing a project from the benefit produced by the project using the ecosystem
service concept. The result is helpful for decision maker to compare different projects
with uniform indicator (monetary value) and make decisions without ignoring its
environmental and social impact.
The benefit started to exceed the cost in 2006 when the project started to produce net
benefit. This is showed in Figure 7 when the value of the cost-benefit of the GFGP
become positive. Besides, the cost was offset by the benefit until 2009 which means the
area of the shadowed part above the X axis is not less than the area of the shadowed
part below the X axis in Figure 7.

Figure 7 Costs and benefits of the GFGP from 1999 to 2023

6.2. Net Present Value
The net present value is the total Present Value of a time series of cash flows. It
represents the viability of a project in a long term, which is calculated by Equation 5. The
value is discounted over time, because people have a time preference and the value of
money decreased over time due to inflation. However, the selection of discount rate has
a significant effect on the NPV of a project. Therefore, three discount rates are applied to
show the effect of discount rate on the final NPV of the GFGP. The NPV of the GFGP
became positive in 2005, indicating that the project started to produce benefit in 2005.
The NPV of the GFGP is 623, 302, and 119 million US$ under the discount rate of 1%,
5%, and 10% respectively (Figure 5).
𝑁𝑃𝑉 =

HI
#
N (0JK%)ILM

Equation (5)

where, NPV is the net present value of the GFGP, 𝑁# is the net benefit in 𝑖th year which
is the difference between cost and benefit; 𝑑% is the discount rate, 𝑖 is the number of
year since 1999.

36

Figure 8 Discounted value of net benefit of the GFGP each year from 1999 to 2023
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7. Discussion
In this chapter, uncertainties and limitations of this research are discussed and the result
compared with relevant literature.

7.1 Uncertainties and Limitations
1) Ambiguity in classification of land use/land cover
The definition of wasteland is introduced in Table 2, which is the land without human
activities and is mainly covered by herbaceous plant and sparse shrubs under natural
succession. However, no clear classification of wastelands exists in the GFGP literature
and GFGP literature employs different classifications. For example, in the study of Zhou
et al. (2011), wasteland belong to the category of shrub-grassland, in which six land
cover types are classified, namely cropland, forest, newly forested land, shrubgrassland, built-up land, and water body. Besides, the quantification of most regulating
ecosystem services of wasteland is based on measurement in abandoned farmland or
natural grassland, which is similar as the wasteland defined in this thesis. Due to the
ambiguity and difference in the classification of land use/cover among different studies,
the quantification of regulating ecosystem services might be different from the actual
value. However, my results still estimate well the ecosystem services provided by
wastelands and show the difference among the four land-use types regarding ecosystem
services provisions.
2) Temporal changes in ES provision is difficult to quantify
The provision of ecosystem services is assumed to be constant in this study. However,
the capacity of ecosystems to provide ecosystem services changed over time (Holland
et al., 2011). Because the structure of ecosystems changed due to natural succession
processes. This affected the provisioning of ecosystem services. Besides, human
activities are another cause of the temporal variation of ecosystem services provision.
For example, the soil conservation rate per hectare of forest increased by three folds
from 2000 to 2008 in the study of Jia et al. (2014). On the contrary, the soil carbon
sequestration rate of planted Robinia pseudoacacia forest was found to decrease in the
first ten years, and increased from 10 to 30 years, and then decreased afterwards (Kou
et al., 2016). However, literature, which reported on vegetation planted for more than 20
years, was selected to quantify the ecosystem service provided by forest and shrub land.
In addition, the average value of results from different studies was used to quantify the
soil retention and maintenance of soil fertility services. This additional information helped
to reduce the uncertainty of the result caused by the temporal changes in ES provision.
3) Influence of management on regulating services could not be taken into account
Regulating services provided by ecological forest and economic forest is assumed to be
the same. However, the actual values of ecosystem services provided by ecological
forest and economic forest differs. Because, economic forest is disturbed by human
activities, and agricultural activities can modify the physical environment of an
ecosystem by altering structural features (Chen et al., 1999). Furthermore, ecosystem
services are interrelated in complex dynamic ways, either in the form of a synergy or a
trade-off, and hence, the intensive use of one ecosystem service probably lead to
reduction in other ecosystem services (Bennett et al., 2009). However, whether
ecosystem services that are provided by economic forests, are lower than those of
ecological forests, depends on the local management regime (Zhang et al., 2007b).
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4) The proportion of species used for replanting economic forests is assumed to be
constant
The calculation of food production services from economic forest is based on the current
species composition of three main types of economic forest in Ansai. I assumed that
future economic forests are to be planted in the same proportion of the three main
species each year. This makes the estimates of the annual fruits and nuts production
from 2002 to 2008 different from the actual value. However, this assumption does not
affect the total economic value of the GFGP, because the total areas of apricot, apple
and walnut are fixed. Besides, only three main species out of seven were studied. This
introduced uncertainty in the quantification of fruits and nuts production, because not all
species are studied. Thus, the uncertainty is negligible, because the area of the three
main species accounted for over 94% of the total area of economic forest under the
GFGP in Ansai.
5) Problems of scale in using benefit transfer to value cultural services
Uncertainty in the economic value of cultural service is calculated by benefit transfer
method. The economic value of cultural service is based on Zhou and Li (2014), in which
the ‘unit-value based’ approach initiated by Xie et al. (2008) was used. However, the
coefficient table developed by Xie et al. (2008) estimates the average value for the
whole nation and this does not reveal the environmental difference between different
locations. This makes the result for the total value of cultural services provided by
vegetation in Ansai county very uncertain. However, since the same method was used
for all four land used types it is a valid approach to compare the differences in cultural
service values.
6) Lack of good, empirical valuation studies in China
Valuation studies on habitat and cultural services are lacking in China, especially on the
contingent valuation method which is commonly used in international ecosystem service
valuation studies. Studies using the contingent valuation method to estimate the
economic value of habitat and cultural services contribute to a more comprehensive
understanding of the value of ecosystem service.
7) Lack of quantitative data on impact of GFGP on water availability
A growing number of studies indicate a reduction in water provisioning of the GFGP.
However, most of them are based on its impact on hydrological cycle using models,
which is not directly linked to the use of the water provisioning service. Therefore, there
is a need of quantitative studies about the impact of the GFGP on drinking water
availability including groundwater and surface water.

7.2 Comparisons with literature
Comparison with similar regional studies
No similar restoration project provided subsidies to farmers to convert farmland to forest
and shrub land. Therefore, comparing the cost benefit of the GFGP with other projects is
infeasible. However, I did find two studies that calculated the Total Economic Value in
the same area as my thesis study.
Liu et al. (2018) calculated the total economic value of the GFGP in Shaanxi province
regarding seven ecosystem services to be around 15 billion US$/yr. The area-averaged
value is more than 6000 US$/ha/yr, which is seven times higher than the result in this
thesis (718 US$/ha/yr). The forestry standard published by the state forestry
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administration of the People’s Republic of China was used to guide the study of Liu et al.
(2018), which was commonly used in Chinese studies to calculate the economic value of
the ecological benefit induced by the GFGP. Using the same methodology, Zhang et al.
(2013) calculated the total economic value of the GFGP in Ansai county, which is 3728
US$/ha/yr. This is also substantially higher than my result.
The difference is mainly caused by the difference in methodology. In these two studies,
the benefit of the GFGP is calculated by the ecosystem services provided by forest, and
the difference between forest and shrub land was not considered. However, in my
thesis, the benefit of the GFGP is calculated by the difference between ecosystem
services provided by current and previous land use. It is notable that wasteland in Ansai
county also provides services with a certain economic value because the wasteland is
covered with sparse wild grass and shrubs under natural succession processes.
Therefore, it is to be expected that the result from this thesis is lower than results from
the study of Liu et al. (2018) and Zhang et al. (2013). Also, the quantification of
ecosystem services by Liu et al. (2018) and Zhang et al. (2013) is different, because the
indicators and quantification methods they used are different. For example, the value of
the water storage service is positive in the study of Liu et al. (2018), because the amount
of water retained was calculated by subtracting evaporation and runoff from
precipitation. However, in my study water yield was based on the runoff in the Yanhe
river which is found to decrease from 1999 to 2010. Moreover, ecosystem services
selected were different which is another cause of the difference in results.
Comparison with global estimates
De Groot et al. (2012) estimated the average total economic value of temperate forest
and grasslands based on results from 58 literature sources. These are 3013 Int.$/ha/yr
and 2871 Int.$/ha/yr in 2007 international dollars respectively. Therefore, the conversion
of grassland to forest has a gain in total economic value by 142 Int.$/ha/yr which is equal
to 157 US$/ha/yr in equivalent value in 2010 in China based on purchasing power
parities (PPP). Because the PPP in USA is always 1, and the PPP in China is 2.987 and
3.308 in 2007 and 2010 respectively (OECD, 2018). According to my study the increase
in total economic value by converting wasteland to forest in Ansai is 601 US$/ha/yr. The
difference between the results is mainly caused by the difference between grasslands
and wastelands regarding ecosystem services provisioning. In the study of De Groot et
al. (2012), the economic value of provisioning services is two times of that of forest,
while provisioning services of wastelands and forests in this thesis is the same.
Moreover, the genetic diversity service provided by grasslands is more valuable than
forests in the study of De Groot et al. (2012), while the biodiversity of wastelands and
forest in my study is similar. Therefore, the value of grassland in the study of De Groot et
al. (2012) is higher than the value of wasteland in my study, and hence the added value
induce by conversion of grassland to forest is lower than the added value induced by
conversion of wasteland to forest. Therefore, my result is reliable as the economic value
of wasteland is lower than that of grassland.
However, the economic value of the GFGP is expected to be lower than other
restoration projects because, the sustainability of the GFGP was doubted due to poor
quality of the planted forest caused by water scarcity. Many studies found that largescale afforestation reduced soil-water content in arid and semi-arid areas, and thus then
led to death of trees when soil water is depleted (Zhang et al., 2017; Cao et al., 2009; Xu
et al., 2010a; & Wang et al., 2011).
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Conclusion
In general, the ecosystem services provided by planted vegetation under the GFGP
project is lower than that of natural forest. The GFGP is effective in reducing soil erosion
and air purification. The economic benefit of the GFGP is still significant, even with a
discount rate of 10%. It provides a net benefit of 119 million US$ in 25 years.
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8

Conclusion

RQ1 Type of ecosystems influence by the GFGP
The implementation of the GFGP in 1999-2010 lead to significant change in land use in
Ansai county. Based on the inventory document provided by Ansai Grain for Green
Project office, the area of forest and shrub land increased by 66573 ha and 9980 ha
respectively, while the area of farmland and wasteland decreased by 40986 ha and
35567 ha respectively. This significant change in land use influenced ecosystem
services provision due to the change in ecological processes.
RQ2 Change in the selected ecosystem services from 1999 to 2010
The ecosystem services analysis was based on three land use change activities induced
by the GFGP, namely conversion of farmland to forest and shrub land, and conversion of
wasteland to forest. In general, 11 ecosystem services were studied in this thesis.
Among them, fruits & nuts production, soil retention service, maintenance of soil fertility,
water storage, microclimate regulation, carbon sequestration, air purification, biodiversity
protection, and aesthetic information services improved, while water provisioning and
grain production services reduced. The grain production was reduced by 2080 kg/ha/yr
due to conversion of farmland to forest/shrub land. Besides, revegetation led to an
average decrease in water provisioning and total P concentration in the surface soil (020cm) by 235 m3/ha/yr and 1 kg/ha/yr respectively. However, the concentration of total N
increased by 16 kg/ha/yr under the GFGP. The GFGP enhanced the soil retention
service of the converted land by 35 t/ha/yr. Water storage and carbon sequestration
increased by 53 m3/ha/yr and 1 t/ha/yr respectively. Another important finding is that
restoration was effective in reduce average ambient temperature in summer. The
temperature in forest and shrub land was 1°C degree lower than farmland and
wasteland. Regarding air purification service, land restoration can remove an extra
amount of SO2 (66 kg/ha/yr) and dust (10 t/ha/yr) on average. Regarding the effects on
biodiversity, I found no significant difference in Shannon-Wiener index among forests,
wastelands, and shrub lands. One reason can be the inappropriate tree species used in
the GFGP which led to small, old trees.
However, there was a difference in the ecological impact among three land use change
activities under the GFGP. For example, the increase in soil retention and water storage
services caused by conversion of farmland to shrub land is larger than the other two land
use change patterns. The increased carbon sequestration rate due to conversion of
farmland to forest is 1.5 times of that of the other two land use change patterns.
Conversion of farmland and wasteland to forest is more effective in improving in air
purification service than conversion of farmland to shrub land.
RQ3 Change in the monetary value of the selected ecosystem services from 1999 to
2010
The total economic value of the change in ecosystem service was estimated to be 55
million US$/yr for the Ansai county, considering 11 ecosystem services. The areaaveraged value-change is 718 US$/ha/yr. The increase in economic value of nine
ecosystem services was estimated to be worth 73 million US dollar/yr, among which the
air purification service took up the biggest part (25%), followed by biodiversity protection
(16%) and aesthetic information (14%). Some ecosystem services decreased in value: in
total -18 million US dollar/yr, mainly due to reduction of and grain production (accounting
for more than 95%). An important conclusion is that conversion of farmland to forest is
the most beneficial among the three land-use change practices under the GFGP, as it
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generated the highest total economic value gain per area, followed by conversion of
wasteland to forest, and conversion of farmland to shrub land. Conversion of wasteland
to forest has a lower total economic value gain than conversion of farmland to forest,
because the sparse grass and shrubs in the wasteland is adapted to the local climate,
and thus wasteland can produce some ecosystem services which is higher than
farmlands. Conversion of farmland to shrub land has the lowest total economic value
gain per area. The reason is that air purification and carbon sequestration services
provided by shrub land is lower than that of forest, but these two ecosystem services
account for around 35% of the gain in total economic value due to the GFGP. Therefore,
the economic value of ecosystem services provided by shrub land is lower than that of
forest.
RQ4 NPV of the GFGP
The cost of the GFGP includes subsidies and the ‘loss’ of economic value due to
reduced service provision. The total amount of subsidy provided to farmers under the
GFGP was 237 million US dollars. Based on the assumption that ecosystems start to
provide ecosystem services only 3 years after planting, except for grain production.
Based on these assumptions, the net present value of the GFGP was 623, 302 and 119
million US$ under a discount rate of 1%, 5%, and 10% respectively, over 25 years.
The result of this thesis shows that, the GFGP is a profitable restoration project whereby
it should be realized that the estimates are conservative since not all ecosystem services
are valued thus likely leading to an underestimation of the economic benefits. The result
of this thesis can provide evidence to decision makers and the general public that this
restoration project is profitable.
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Figure 9 Land use change in Ansai county from 1999 to 2010 (derived from Zhou et al., 2011)
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Appendix 2
Table 25 Area of each specie planted under the GFGP in Ansai from 1999 to 2010 (ha)
Land use

Ecological

Forest

Economic

Shrub

Ecological

Species

Area

Armeniaca sibirica

15196

Robinia pseudoacacia

13170

Platycladus orientalis

187

Pinus tabulaeformis

152

Populus simonii

88

Ginkgo biloba L.

9

Paulownia

6

Ailanthus altissima

4

In total

28811

Armeniaca sibirica

2388

Apple tree

851

Walnut tree

416

Zizyphus jujuba

173

Pear tree

64

Peach tree

3

Castanea mollissima

1

In total

3896

Amygdalus davidiana

5081

Hippophae rhamnoides Linn

4922

Caragana korshinskii

493

Others

104

In total

10600
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Appendix 3
Table 26 Data source of soil erosion of different land use in Ansai (t/km2/yr)
Shrub

Forest

farmland

Wasteland

Study
Area

Source

Note
Field work from 2012 to
2015. Arbor: Robinia
psendoacacia &
Populus simonii.
Shrubs: Caragana
intermedia &
Hippophae rhamnoides

12282522

1500 3875

/

/

Ansai

Cao,
2016

/

/

6500 9500

/

Ansai

Field work using
Zhang et
137Cs tracing
al., 1998
technique

11612184

2056 2636

2626 3020

15433875

/

/

Field work in 2013;
Arbors: Robinia
pseudoacacia &
Armeniaca sibirica.
Shrubs: Hippophae
rhamnoides Linn &
Caragana korshinskii

/

Yanhe
Wang,
river
watershed 2014

/

Field work from 2012 to
2015. Arbor: Robinia
psendoacacia &
Yanhe
Zhao et Populus simonii.
river
al., 2017 Shrubs: Caragana
watershed
intermedia &
Hippophae rhamnoides

4000

YangjianFeng et
gon
al., 2010
catchment
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Table 27 Data source of N and P concentration in surface soil (g/kg)

Wasteland
N

Farmland

0.42
0.4

0.39

0.58

Shrub
land

Forest

Study area

Source

0.52

0.65

Zhifanggou
watershed

A et al, 2006

0.44

0.4

Ansai

Zhao et al,
2014

0.58

0.56

Ansai

Xu et al,
2014

Ansai

Jiao et al,
2005

Ansai

Han er al,
2011

0.29
0.39
Average

0.42

p

0.59
0.58

0.39

0.61

0.56

0.51

0.54

0.53

0.57

Zhifanggou
watershed

A et al, 2006

0.59

0.61

Ansai

Zhao et al,
2014

0.55

0.57

Ansai

Xu et al,
2014

Ansai

Jiao et al,
2005

Ansai

Han et al,
2011

0.53
0.61
Average

0.57

0.61

0.56

0.58
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Appendix 4
Table 28 Valuation methods of each ecosystem service

Classification Ecosystem Services

Valuation methods

Grain production
Fruits & Nuts production
Water Provisioning

Market price

Soil Retention

Replacement cost
(dam construction cost)

Maintenance of Soil
Fertility

Avoided cost
(price of fertilizer)

Water Storage

Replacement cost
(dam construction cost)

Microclimate regulation

Avoided cost
(energy saving)

Carbon Sequestration

Market price

Air Purification

Avoided cost
(cost for removing pollutants)

Habitat
Service

Biodiversity Protection

Standards set by state forestry
administration

Cultural
Service

Aesthetic information

Value transfer

Provisioning
Services

Regulating
Services
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Appendix 5
Table 29 Costs of the GFGP in Ansai county (million US$)
Subsidy (US dollar)
other
Newly converted land

Year

1999

Seeding

Ecological

Economic

0.4

0.8

0.4

Grain

Water

Total

1.2

0.6

0

2.2

0

18.1

Total

2000

2.4

6.9

0.6

8.6

7.1

2001

0.4

1.2

0.05

9.9

7.7

0

18.7

2002

1.3

3.9

0.2

14

9.9

0.8

25.9

21

14

0.8

38.2

25

15

0.8

42.1

27

17

0.8

45.1

17

0.8
0.8
0.8

45.7
44.9

2003
2004
2005
2006
2007
2008

2.3
1.4
0.7

7.2
4.4
2.1

0.2
0.04
0.1

0.2
0.08

0.6
0.3

0.08
0

28
27

0

0

0

20

17
17

19

17

0.8

36.8

15

17

0.8

32.8

76

17

0.8

25.5

2012

32

17

0.8

21.1

2013

11

17

0.8

19.0

2014

0.5

17

0.8

18.4

0.2

17

0.8

18.1

0.2

17

0.8

18.1

0.05

17

0.8

18.0

2018

17

0.8

17.9

2019

17

0.8

17.9

2020

17

0.8

17.9

2021

17

0.8

17.9

2022

17

0.8

17.9

2023

17

0.8

17.9
630

2009
2010

0.06
0.02

2011

2015
2016
2017

Total

9.2

0.2
0.05

0
0

230

379

17.7

37.8
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Table 30 Benefits of the GFGP in Ansai county
Cumulative area of each land use
Farmland Wasteland Farmland
Former
land-use
Benefit
(US$/ha/yr)

Farmland

Ecological
forest

Ecological
forest

Economic
forest

Shrub land

1710

709

2585

1448

Benefit of the
GFGP
(million US$)

1999

407

1553

949

151

0

2000

10569

5666

2502

3915

0

2001

11450

7666

2628

4241

0

2002

15059

12999

3016

5578

4.7

2003

21526

22999

3488

7973

27

2004

22764

32999

3592

8431

29

2005

26277

33666

3844

9732

39

2006

26944

34299

4063

9979

56

2007

26944

34966

4063

9979

64

2008

26944

34966

4063

9979

70

2009

26944

35433

4063

9979

72

2010

26944

35566

4063

9979

72

2011

26944

35566

4063

9979

72

2012

26944

35566

4063

9979

73

2013

26944

35566

4063

9979

73

2014

26944

35566

4063

9979

73

2015

26944

35566

4063

9979

73

2016

26944

35566

4063

9979

73

2017

26944

35566

4063

9979

73

2018

26944

35566

4063

9979

73

2019

26944

35566

4063

9979

73

2020

26944

35566

4063

9979

73

2021

26944

35566

4063

9979

73

2022

26944

35566

4063

9979

73

2023

26944

35566

4063

9979

73

Note: the per area benefit of each land use is the sum of the economic value of increased
ecosystem services, in which grain production and water provisioning are excluded.
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