<@ sustainability

Article

The Grain for Green Project in Contiguous Poverty-Stricken
Regions of China: A Nature-Based Solution

Tingyu Xu 23, Xiang Niu 1'2%* and Bing Wang 1-2:3

check for
updates

Citation: Xu, T,; Niu, X.; Wang, B.
The Grain for Green Project in
Contiguous Poverty-Stricken Regions
of China: A Nature-Based Solution.
Sustainability 2022, 14, 7755. https://
doi.org/10.3390/5u14137755

Academic Editors: Erfu Dai and
Chunsheng Wu

Received: 31 March 2022
Accepted: 20 June 2022
Published: 25 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China;
xty@caf.ac.cn (T.X.); wangbingcfern@163.com (B.W.)

Key Laboratory of Forest Ecology and Environment of National Forestry and Grassland Administration,
Beijing 100091, China

Dagangshan National Key Field Observation and Research Station for Forest Ecosystem, Xinyu 338033, China
*  Correspondence: niuxiang@caf.ac.cn; Tel.: +86-10-6288-9561

Abstract: The Grain for Green Project (GGP) is one of many Nature-based Solutions (NbS), which
aims to address the challenge of ecological restoration while providing livelihood security for farmers
in poverty-dominated regions. Evaluating the success of such a project can prove difficult. Here,
we choose the contiguous poverty-stricken regions (CPSR) of China to study the multiple benefits
of the GGP in the context of NbS. We collect ecological-monitoring data, forest-resources data, and
socioeconomic data and use them in a distributed method with relevant indicators, to evaluate
the ecological benefits of the GGP. Additionally, the socioeconomic benefits are evaluated using
questionnaire-based surveys. Our results showed that the ecological benefits of the GGP in the CPSR
were 5.6 x 10'! RMB/a in 2017, with the proportion of each ecosystem’s services being 27.1% (water
conservation), 21.1% (biodiversity conservation), 18.4% (purification of the atmospheric environment),
13.1% (soil conservation), 12.9% (carbon sequestration and oxygen release), 5.4% (forest protection),
and 1.6% (nutrient accumulation). In terms of socioeconomic benefit, the GGP changed the production
methods of farmers, which resulted in income growth, with an average increase of 5100 RMB/a
per household. In the context of NbS, ecological conservation, and restoration, the accurate and
systematic monitoring of the socioeconomic and ecological benefits will become more important for
government decisions.

Keywords: Grain for Green Project; Nature-based Solutions; contiguous poverty-stricken regions;
ecosystem services; socioeconomic benefits

1. Introduction

The contiguous poverty-stricken regions (CPSR) and related areas that need to imple-
ment special-support policies were delimited by the Chinese government in 2011 [1]. These
areas are mainly distributed in the Tibetan Plateau, the Loess Plateau, the Inner Mongolian
Plateau, the edge of the Gobi Desert, and the karst areas of South China [2]. Their remote
locations, poor natural conditions, poor policy environment, and weak economic founda-
tions as well as a lack of infrastructure, basic public services, and human capital are the
major obstacles in targeted poverty alleviation [3].

Barron et al. [4] found that large, modern tomato-cultivation enterprises increase the
income of migrants, which is fundamental to the survival of many villages in poverty-
stricken regions. However, owing to a lack of capital investment and a lack of conditions
that encourage indigenous local development, this industry cannot provide a complete
solution to poverty. Jin et al. [5] found that there is a decoupling relationship between CO,-
emission reduction and poverty alleviation because of the contradiction between emission
reductions based on limiting energy consumption and the alleviation of poverty. Hence,
poverty alleviation in the region is not only an economic problem but also an ecological
and cultural problem.
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The contribution of ecosystems to deal with ecological and social challenges has been
emphasized in many studies [6-8]. Nature-based Solutions (NbS) have been used in the
context of managing aspects of climate change, biodiversity loss, water shortages, frequent
natural disasters, human survival, and the sustainable development of society and the
economy, which are all being severely damaged [9,10]. NbS encompass the practice of
actively enhancing and protecting ecosystems as well as using ecosystem services to achieve
sustainable-development goals, which transform the exploitation of nature from resource
utilization to functional thinking, by making full use of ecosystem services to deal with the
various severe challenges faced by human society [11]. NbS can support a wide range of
sustainable development goals [12,13]. Eggermont divided NDbS into three types, with the
following aims [14]: (1) To make full use of natural or protected ecosystems with minimal
interventions, by maintaining or improving their ecosystem-service functions. (2) To
restore and manage the ecosystem, by taking the appropriate interventions to improve
its ecosystem services. (3) To construct or build new ecosystems, with high-intensity
interventions. Therefore, projects involving the restoration and rehabilitation of degraded
ecosystems, such as the Grain for Green Project (GGP), can be seen in the context of NbS, to
sustainably and successfully achieve sustainable-development goals.

The GGP, started in 1999, is mainly applied to areas with serious soil erosion and
to cultivated land with a slope above 25 degrees, involving vegetation restoration and
conversion to forest [15,16]. It is the largest in scale and the longest in duration of all the
projects in China, also affecting the largest population and attracting the largest amount
of investment [17,18]. The GGP involves 2435 counties (including county-level units) in
25 provinces across the country. Over the past 20 years, the Chinese central government
has invested a total of RMB 517.4 billion into the project [19]. The project was conducted
based on natural processes and cycles, as these use natural flows of matter and energy,
which can improve the structure of natural ecosystems and then contribute to the society of
a region as well as its sustainable economy, especially for fragile ecosystems that have been
severely disturbed or destroyed by humans [20-24].

The ecosystem services produced by the GGP have included aspects such as a reduc-
tion in soil erosion [25] as well as improvements in carbon-storage and carbon-sequestration
potential [26]. There have been many studies focused on evaluating the improvements
brought about by the GGP [27] and on scientifically quantifying the benefits brought about
by the implementation of the ecological engineering within the project [28]. Thus, studies
aim to provide guidance for the further implementation of the project [29]. Additionally,
some studies have found that the average household’s real net income has increased sig-
nificantly after participation in the GGP [30]. Hence, the GGP is not only a vegetation-
and forest-restoration project but also a poverty-alleviation project. The project has also
considered the social- and economic-development conditions of the project’s targeted areas,
as it has restored forest and grass vegetation (tailored to local conditions), to reduce natural
disasters, optimize land-use structure, and increase the income of farmers [31].

However, in regards to the many types of NbS, there is a lack of systematic review
regarding the assessment and quantification of the ecological and economic effects of the
GGP and how it can solve social problems. Therefore, in this study, we attempt to quantify
the ecological and socioeconomic benefits of the GGP in the CPSR. Further, as one of many
NbS, we analyze how the multiple benefits generated by the GGP solve the associated
challenges. A comprehensive evaluation of the multiple effects of the GGP in the CPSR is
vital for strengthening the future implementation of the GGP in these regions. Thus, our
results aim to provide a useful scientific basis towards improving policymaking, system
planning, and project construction, to strengthen the GGP.

2. Materials and Methods
2.1. Overview of Grain for Green Project in Contiguous Poverty-Stricken Regions

The study area (Figure 1) was selected according to the regions defined by the Outline
for Development-oriented Poverty Reduction for China’s Rural Areas (2011-2020) [1], and
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included 14 areas: the Dabie Mountains area, the Daxing’anling area, the four prefectures
of southern Xinjiang, the Liupan Mountains area, the Luoxiao Mountains area, the Liiliang
Mountains area, the Qinling-Bashan Mountains area, the Tibet Autonomous Region, the
four provinces with Tibetan prefectures, the Wuling Mountains area, the Wumeng Moun-
tains area, the Yanshan-Taihang area, the Yunnan-Guizhou-Guangxi rock-desert area, and
the mountainous area on the western border of Yunnan.
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Figure 1. Distribution of monitoring sites in the CPSR of the study area.
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By the end of 2017, the total area under GGP initiatives in the CPSR comprised
1256.94 x 10* hm2. Various restoration methods (e.g., cropland afforestation, facilitate
afforestation, and wasteland afforestation), inclusive of three forest types (e.g., ecological
forest, economic forest, and shrubs), have been used in the ecological restoration of these
areas (Table 1). Cropland afforestation returned farmland to forest, wasteland afforestation
returned barren hills and wasteland to forest, and facilitate afforestation was achieved by
closing forests to promote vegetation restoration.

Table 1. Areas of Grain for Green project (GGP) forest-restoration methods and forest types in the
different contiguous poverty-stricken regions (CPSR) of the study area (Figure 1).

. Restoration Methods (x10* hm?) Forest Types (x10* hm?)
Tota
CPSR (x10* hm?) Cropland Wasteland Facilitate Ecological ~ Economic .
Afforestation  Afforestation  Afforestation Forests Forests

Liupan 203.56 91.47 103.78 8.31 115.68 9.55 78.33
Mountains area
Qinling-Bashan 223,55 101.26 104.79 17.50 160.01 56.30 7.24
Mountains area

Wuling 169.86 80.18 78.20 11.48 142.04 25.11 271
Mountains area

Wumeng 103.40 58.50 37.82 7.08 78.03 22.60 8.77

Mountains area
Yunnan-Guizhou—
Guangxi 134.19 63.28 56.73 14.18 89.20 32.92 12.07
rock-desert area
Mountainous area

on the western 81.17 36.05 36.80 8.32 51.35 24.79 5.03
border of Yunnan
Daxing’anling area 40.34 14.30 21.49 4.55 25.18 0.55 14.61

Yanshan-Taihang

. 111.16 50.04 49.05 12.07 60.08 8.40 42.68
Mountains area
Liliang 65.06 26.18 35.77 311 35.30 932 20.44
Mountains area
Dabie ﬁg:ntams 36.40 9.97 23.40 3.03 29.26 6.33 0.81
Luoxiao 19.80 4.66 11.74 3.40 18.25 1.42 0.13
Mountains area
Tibet 3.65 2.53 0.61 0.51 2.40 0.32 0.93
Autonomous Region
Four provinces with 30.69 16.46 9.42 4.81 20.32 3.74 6.63
Tibetan prefectures
Four prefectures of 34.11 17.56 13.37 3.18 12.69 11.37 10.05
southern Xinjiang
Total 1256.94 572.44 582.97 101.53 839.79 212.72 204.43

2.2. Distribution of Monitoring Sites

GGP-monitoring sites were selected across the 14 CPSR (Figure 1). They include the
59 forest-ecological stations of the Chinese Forest Ecosystem Research Network (CFERN),
32 special stations for ecological monitoring of the GGP, more than 200 auxiliary monitoring
sites for forest-ecological projects, and 7000 fixed sampling points.

2.3. Distributed Evaluation Method for Assessing Ecosystem Services

The GGP is a very large and complex project and is suitable to be divided into multiple
homogeneous ecological-assessment units for evaluation [32-34]. We conducted a scale
transformation of the ecosystem services, utilizing a distributed-evaluation method [34]
(Figure 2). This method evaluated the ecological benefits associated with the GGP on five
different levels, each at a smaller scale of detail, i.e., Level 1—CPSR (14); Level 2—admin-
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istrative region (689); Level 3—restoration method (3); Level 4—forest type (3); and Level
5—dominant species. Ultimately, 35,828 relatively homogeneous assessment units were
determined. Regional results were obtained by converting the results of all relatively
homogeneous assessment units via forest-ecological correction coefficients and statistical

principles [33].
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Figure 2. Schematic of the distributed evaluation method used in this study.

2.4. Data Collection for Assessing Ecosystem Services

Data used in this study were obtained by using long-term monitoring and conducting
field surveys based on the national-standard system (Figure 1). Additional forest-resource
data were provided by the State Forestry and Grass Administration of the GGP management
center, and public data were collected from the relevant authorities. Socioeconomic data
were collected from the counties within the GGP using surveys, questionnaires, and data
from the provincial administrative departments. More details of the data collected are

given in Figure 3.

Forest Resources inventories of the

Long-term continuous )
observation data from Ecological Social Public data published
monitoring sites, ecological menitoring . public data by authorities
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Forest
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S + Soil erosion modulus, percipitation, evapotranspiration, runoff, soil bulk density, net primary productivity,
mMONitoring i1 organic matter content, soil depth, etc.
data

Social public
data

« Carben fixation price. oxygen production price, water market price, water quality purification fee, etc.

Figure 3. Summary of data collection used in this study for assessing ecosystem services.
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2.5. Assessment of Ecosystem Serivices

Using the Specification of monitoring and evaluation of ecological benefits of returning
farmland to forest project (LY /T 2573-2016) [35] and on the basis of representativeness,
comprehensiveness, and actionability, we selected 7 categories of forest-ecosystem services:
water conservation; soil conservation; carbon sequestration and oxygen release; nutrient ac-
cumulation; atmospheric environment purification; and forest protection and biodiversity
conservation. When forest-ecosystem service quality was transformed into value quan-
tity, it conformed to the principles of “equivalent substitution” and “weight-equivalent
balance” [36]. We set 2017 as the base year of assessment.

2.6. Assessment of Socioeconomic Benefit

Social- and economic-benefit monitoring mainly focuses on the direct impact of the
implementation of the GGP on the social and economic development in the CPSR, including
the basic situation of the region’s social economy; population resources and environment
during the implementation of the project; the impact of the implementation of the project
on rural-poverty alleviation, employment, the land-management system, production, and
life; and regional economic development [37]. Table 2 gives more details.

Table 2. Monitoring indicators of socioeconomic benefits used in this study.

Indicator Details

Farmland area, forest area, grassland area, rural population,

Basic condition household situation, GDP

Poverty alleviation, employment by forestry, the development of
Social benefit emerging forestry-management entities, reform of the
property-rights system, changes in production and lifestyle

Forestry-output value, contribution to regional economic growth,
Economic benefit regional industrial-structure adjustment, undergrowth economy,
economic forests

Data were obtained from a survey of social and economic benefits of the GGP con-
ducted by the National Forestry and Grassland Administration using correspondence and
interviews. There are 659 counties in the CPSR, which are also the main survey objects
for the monitoring of socioeconomic benefits. The process was as follows: (1) In March
2018, a survey of the social and economic benefits of the GGP was carried out, conducted
in 105 sample counties and 1576 sample households. (2) In January 2018, a questionnaire
survey of farmers was performed using college students during their winter and summer
vacations, covering about 8000 farmer households in 25 provinces. (3) In May 2018, a
socioeconomic-benefit questionnaire was issued in the CPSR. (4) In January 2019, the sur-
vey data were reviewed and summarized in conjunction with the statistical bulletin. Data
from the Monitoring of Social and Economic Benefits of National Forestry Key Projects from
2010 onwards were then added. Quality assurance of the monitoring and survey data was
performed using data from the departments of statistics, agriculture, water conservancy,
land, environmental protection, meteorology, and other similar departments.

3. Results
3.1. Ecological Benefit of the GGP in the CPSR

The quantity of ecosystem services of the GGP in the CPSR is summarized in Table 3.
The overall ecological benefit was 5.6 x 10!! RMB/a, equivalent to 7.9% of the national
forestry-output value, as well as equivalent to 6.5 times the total value of the central govern-
ment’s special poverty-alleviation program. Among the 14 areas, the Qinba Mountains area
had the largest ecological benefit (1.08 x 10'! RMB/a), followed by the Wuling Mountains
area, because of the large area of the project and the location of the area.
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Table 3. Summary of the ecological benefits of the GGP in the CPSR.

Carbon Atmospheric
Water Soil Sequestration Nutrient 0SP . Biodiversity
. . . Environment Forest Protection . Total
CPSR Conservation Conservation and Oxygen Accumulation Purification (x10° RMB/a) Conservation (x10° RMB/a)
(x108 RMB/a) (x10% RMB/a) Release (x10% RMB/a) (x10° RMB/a) (x10% RMB/a)
(x108 RMB/a)

Liupan Mountains area 182.45 98.03 84.25 9.87 183.84 101.78 104.11 764.33
Qinling-Bashan 333.64 118.76 146.66 21.11 219.37 48.20 195.63 1083.37
Mountains area

Wauling Mountains area 311.52 105.36 123.95 12.53 226.98 o 188.83 969.17

Wumeng Mountains area 187.28 67.89 82.43 7.82 111.44 —_— 121.47 578.33
Yunnan-Guizhou—
Guangxi 170.38 49.29 88.71 6.53 135.90 e 128.87 579.68
rock-desert area
Mountainous area on the 168.32 53.77 56.40 3.62 71.98 — 90.56 444.65
western border of Yunnan
Daxing’anling area 37.32 13.49 19.92 2.04 32.11 13.96 15.63 134.47
Yanshan-Taihang 66.09 26.17 90.49 2.22 55.57 21.80 23.17 285.51
Mountains area
Liilliang Mountains area 50.31 26.19 28.58 5.29 53.88 14.49 3291 211.65
Dabie Mountains area 45.94 11.09 23.34 2.73 26.49 2.44 32.24 144.27
Luoxiao Mountains area 39.35 15.89 15.18 1.49 29.39 e 19.91 121.21
Tibet . 2.09 1.79 1.59 0.04 2.16 0.49 2.70 10.86
Autonomous Re-gion
Four provinces with 62.50 21.17 23.15 1.87 33.68 3.48 34.57 180.42
Tibetan prefectures
Four prefectures of 1.86 6.15 6.88 0.04 10.62 55.27 12.47 93.29
southern Xinjiang
Total 1659.05 615.04 791.53 77.20 1193.41 261.91 1003.07 5601.21
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The proportion of each ecological benefit value in the CPSR is shown in Figure 4.
There are clearly notable differences between the areas. In most areas, water conservation
and atmospheric purification are the main functions, and other indicators make relatively
small contributions. The ecological benefits in the four prefectures of southern Xinjiang
were mainly from forest protection, accounting for 59.2%. The ecological benefits in the
Yanshan-Taihang Mountains area were mainly from carbon sequestration and oxygen
release, accounting for 31.7%. There was no wind-proof or sand-fixing forest in the Wuling
Mountains area, the Wumeng Mountains area, the Yunnan-Guizhou-Guangxi rock-desert
area, the Luoxiao Mountains area, or the mountainous area on the western border of
Yunnan, so their ecological benefit assessments do not include forest protection.
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Figure 4. Proportion of each of the 7 categories of forest-ecosystem services in the 14 CPSRs of the
study area.

3.2. Social Benefit of the GGP in the CPSR

The implementation of the GGP can improve the rural environment and help promote
the rural-revitalization strategy [38]. In 2017, 66% of the afforestation tasks were imple-
mented in the CPSR, and 399 townships and 98,600 households in these areas participated
in the project. In terms of the poverty alleviation associated with the GGP, there were
2.2 million filed poor households in the monitored counties that participated in the project,
accounting for 31.3% of households in the CPSR (Table 4). The proportions of the four
provinces with Tibetan prefectures and the Wumeng Mountains area were larger than other
areas. The monitoring results showed that nearly 60% of the woodlands within the GGP
area had become forest, and 90% of the trees were growing well.

The forestry-employment rate of farmers on reclaimed farmland was 8.0%. Home
interviews confirmed that 76.6% of the interviewed farmers manage their own land, and
23.4% of the interviewed farmers adopt cooperative-management methods or transfer
their labor to large households. Migrant labor and forest management had promoted the
employment of farmers. A large amount of labor was released from the primary industry
and invested in secondary and tertiary industries.
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Table 4. The number of filed poor households participating in the GGP and percentage of the total

number in each CPSR.
CPSR Households/(x10%) Percentage of
the Area/%
Liupan Mountains area 2.50 23.08
Qinling-Bashan Mountains area 43.75 38.89
Wauling Mountains area 62.41 38.52
Liupan Mountains area 42.84 53.06
Wumeng Mountains area 23.89 24.55
Yunnan-Guizhou-Guangxi rock-desert area 11.50 30.97
Mountainous area on the western border of 0.09 16.27
Yunnan

Daxing’anling area 2.50 23.08
Yanshan-Taihang Mountains area 13.45 35.99
Liliang Mountains area 5.10 26.48

Dabie Mountains area 2.53 7.34

Luoxiao Mountains area 2.50 391

Tibet Autonomous Region 0.98 35.01

Four provinces with Tibetan prefectures 3.91 70.86
Four prefectures of southern Xinjiang 1.18 4.04

3.3. Economic Benefit of the GGP in the CPSR

In 2017, the GDP of the monitoring counties was RMB 4.49 x 1012, and the contribution
rate of the forestry industry was 3.3%. By region, the forestry-industry-output values in
the Wuling Mountains area, the mountainous area on the western border of Yunnan,
the Yunnan-Guizhou-Guangxi rock-desert area, the Qinling-Bashan Mountains area, the
Yanshan-Taihang Mountains area, and the Dabie Mountains area were relatively high,
reaching more than RMB 10 billion in each area (Figure 5). After the implementation of
the GGP, the structure of the regional-output value has been gradually optimized, the
proportion of the output value of the primary industry has gradually declined, and the
proportion of the output value of the tertiary industry has risen sharply. In 2017, the
proportions of three industries were 6.8%, 20.5%, and 72.8%, respectively.

400

— =] [ w w

I S 5 = b

3 8 3 g 3

T T T T T
»

Contribution/%%

Forestry output calue/> 108V uan

=
=3
T

w
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Figure 5. Forestry-output value and the percentage of forestry-output value compared to regional
GDP in the CPSR.
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Additionally, the understory economy (carried out under the canopy, such as agri-
culture, animal husbandry, herbal medicine, and medicine) developed quickly, and the
production of fruit, herbs, and other economic-forest products increased significantly
(Table 5). After the implementation of the GGP, the income from farmers’ forestry produc-
tions and operations had increased significantly. What’s more, multiple income channels,
such as income from forestry-related work, property income, and financial aid, helped to
increase household income. Compared with those who did not participate in the project,
the income per capita increased by 1.5 times in 5 years.

Table 5. Forest-industry development in CPSR in 2017.

Product Type Yield Percentage of Total Forestry

Production/%
Bamboo/ (x10% roots) 1.8 0.3
Herb/(x10* tons) 34.4 12.3
Fruit/(x10* tons) 225.2 35
Understory farming/(RMB x10%) 690.1 27.4
Understory planting/(RMB x 108) 434.3 35.3

4. Discussion
4.1. Contribution of the GGP in the Context of NBS in the CPSR

The standard aim of NbS is to solve multiple challenges through ecosystem services,
including addressing climate change, improving biodiversity, building a sustainable food
system, responding to the water crises, mitigating natural disasters, protecting human
health, and promoting economic development sustainably [10,13], after the implementation
of the GGP, which has been also reported by other researchers [39-41]. In total, four
dominant functional groups of the actions within the GGP can be identified: a “green water
pool” corresponding to the challenge of water security and disaster-risk reduction; a “green
carbon pool” corresponding to the challenge of climate change mitigation and adaption;
a “purify the environment and oxygen bar” corresponding to the challenge of human
health; and a “biodiversity gene pool” corresponding to the challenge of environmental
degradation and biodiversity loss [8]. These functions are vital to cope with the multiple
challenges faced in the context of climate change. The key characteristic in the context
of NDbS is their capability to simultaneously perform multiple functions to deliver a set
of associated ecosystem services. However, in this study, we did not consider cultural-
ecosystem services [42], such as ecological tourism and ecological healthcare, which may
be an important means for farmers to improve their living standards.

The GGP in the CPSR brought social and economic benefits. It promoted targeted
poverty alleviation, employment of farmers, the development of new forestry-management
entities, and improved rural equity as well as changed the production and lifestyles of
farmers. The project promoted the transfer of rural labor. Previous studies have found that
the implementation of the GGP has generated a large number of surplus laborers [28], who
are switching from farming to non-farm work, which can provide higher earnings than crop
production [43—45]. It can also stimulate the vitality of regional economic development
and can alleviate poverty through financial subsidy, forestry production, and increased
productivity of farmland [46].

The GGP is a “three-effect unification” of ecological, economic, and social benefits, and
a systematic project of the “three combinations” of rural production and life and ecological
improvement, which can provide the “win-win” gain of restoring the environment and
promoting socioeconomic development [47]. The project can accelerate rural revitalization
and attractive rural construction as well as improve regional-developmental motivation
and capacity for farmers. Using forest employment to increase income provides new oppor-
tunities for rural-poverty alleviation and a new focus on promoted regional development
and provided new economic-growth points [48].
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38.2%

-

4.2. Main Problems in the Process of Project Implementation

The first problem was that some farmland had to be returned to forest. We found that
in the sample counties in 2017 (Figure 6), there were 1.6 million hectares of cultivated land
with a slope of 25 degrees, facing severe desertification and rocky desertification, cultivated
land with a slope of 15-25 degrees and important water sources, and severely polluted
cultivated land. These degraded areas accounted for 26.7% of the total cultivated-land area.
Basic farmland among the returnable farmland accounted for 12.9% of the total farmland
area of the sample counties.

0.1%

42.1%

19.6%

= cultivated land with a steep slope of 25 degrees = desertification and rocky desertification

farmland in important water sources = severely polluted cultivated land

Figure 6. Different types of farmland with ecological problems.

We found that the main reasons why cultivated land should be returned or not re-
turned to forest in some areas were as follows. (1) There were specific policies in some
provinces concerning the amount of cultivated land with a steep slope of 25 degrees, fac-
ing severe desertification and rocky desertification, and cultivated land with a slope of
15-25 degrees and important water sources, which are not suitable for cultivation. Ac-
cording to the Regulations on the Protection of Basic Farmland [49], it is difficult for these
sloping-farmland areas to be included in the scope of returned farmland. (2) The imple-
mentation of basic farmland-reduction policy is not in place. The lack of coordination
between farmland protection and the policy of returning farmland to forest has seriously
hindered the smooth progress of the new round of the GGP. (3) The Chinese government
clearly stipulates that the identification of non-basic farmland on steep-slope cultivated
land needs to use the current land-use and planning maps, and the quality of these maps
can be variable. Only the combination of both types of maps can determine the land area
to be returned to forest. (4) The integration of the new round of returning farmland to
forest with grassland requires the data from three national land surveys. If the returnable
farmland shown on the map cannot be found in situ, or the mapped area does not match
reality, the task is then difficult to implement.

The problem of the fragmentation of abandoned farmland is prominent, which is
not conducive to a large-scale operation. Due to the sporadic distribution of returned
farmland, comprehensive management cannot be carried out in some watersheds and
regions, which not only fails to achieve the original intention of the GGP for ecological
restoration but also restricts the development of large-scale industries, which in turn affects
farmers’ enthusiasm for increasing their income and increasing regional economic and
social-development speed. In addition, in some areas with harsh ecological environments,
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the area of farmland returned to forest is often large, involving a large number of farmers
involved in the GGP who often deeply impoverished. Economic forests in such areas
often face difficulty to survive, so only ecological forests can be planted. The environment
restricts the development of the under-forest economy, and it is difficult to develop follow-
up industries upon returning farmland to forest, which has an impact on the livelihood
of farmers.

4.3. Countermeasures and Suggestions

Li [28] found that the ecosystem services and economic benefits of the GGP have a high
degree of coordination, as 90% of regions achieved extreme coordination and coupling. This
means that when the ecosystem-service function of the GGP is improved, the CPSR achieve
a high level of economic benefits. This confirms that “green water and green mountains” is
a necessary developmental underpinning for “golden water and silver mountains” [28].

Forestry has great potential in poverty alleviation, by improving the subsidy pol-
icy for returning farmland to forest and grassland, appropriately increasing the subsidy
standard, and extending the subsidy period to help poverty alleviation and consolidate
the achievements of ecological construction. To achieve this, we put forward the follow-
ing recommendations. (1) Expand the scale of the new round of returning farmland to
forest and grassland as soon as possible, check that the land that can be returned based
on the data of the three national land surveys, and select some of the abandoned farm-
land with large areas and good land conditions. (2) Establish a long-term mechanism
to consolidate achievements, include expired farmland in the central and local forest-
ecological-benefit compensation funds, and make a stable and long-term subsidy policy
for returning farmland to forest. Include returning farmland to forest land into the local
policy-based forestry-insurance system, innovate subsidy standards, optimize forest-land-
contract management policies, and encourage and guide enterprises, large households and
other industrial and commercial capital to reasonably transfer afforestation land. (3) The
characteristic economic-forest industry, forest tourism industry, and health-care industry
are the starting points to promote the implementation of the project of returning farmland
to forest with economic benefits, strengthen industrial development as well as scientific and
technological support, and improve the quality of forests. 4. Enhance the self-development
ability of farmers who have returned farmland without destroying the vegetation and caus-
ing soil erosion; farmers can intercrop short crops such as beans, develop the under-forest
economy, adjust the agricultural industry structure with the central government’s special
funds, and develop characteristic industries. Increase the income of households returning
farmland, and consolidate the achievements of returning farmland to forest and grassland.

5. Conclusions

In the context of Nature-based Solutions, the Grain for Green Project produced multiple
benefits in the contiguous poverty-stricken regions and will help realize the sustainable-
development goals of China. The Grain for Green Project in the contiguous poverty-stricken
regions has achieved the “win-win” gains of restoring the environment and promoting
socioeconomic development. The ecological benefit of the Grain for Green Project in the
contiguous poverty-stricken regions was 5601.21 x 108 RMB/a in 2017, with the proportion
of each function being 27.1% (water conservation), 21.1% (biodiversity conservation), 18.4%
(purification of atmospheric environment), 13.1% (soil conservation), 12.9% (carbon seques-
tration and oxygen release), 5.39% (forest protection), and 1.6% (nutrient accumulation).
Among the 14 areas of the project, the Qinba Mountains area had the largest ecological
benefit, accounting for 19.3% of the total, followed by the Wuling Mountains area, the
Liupan Mountains area, the Yunnan-Guizhou-Guangxi rock-desert area, and the Wumeng
Mountains area. In the contiguous poverty-stricken regions, 31.3% of the recorded poor
households participated in the GGP, and the project changed the production methods of
farmers, the forestry industry was promoted, and the income of farmers was increased,
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with an average increase of 0.51 x 10* RMB/a per household. Further research should
focus on interaction effects and measures to improve the socioeconomic—ecological benefits.

Author Contributions: B.W. conceived and designed the paper. X.N. analyzed the data and revised
the manuscript. T.X. wrote the paper. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by the Central Non-profit Research Institution of CAF
(CAFYBB2020ZD002-2), Central Non-profit Research Institution of CAF (CAFYBB2020ZE003). Finan-
cial support was also provided by CFERN & Beijing Techno Solutions Award Funds for excellent
academic achievements.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Central Committee of the Communist Party of China, State Council. China Rural Poverty Alleviation and Development
Program (2011-2020). 2011. Available online: http://www.gov.cn/gongbao/content/2011/content_2020905.htm (accessed on
1 December 2011). (In Chinese)

Ge, Y;; Yuan, Y.;; Hu, S.; Ren, Z.; Wang, X.; Wu, Y. Space-time variability analysis of poverty alleviation performance in China’s
poverty-stricken areas. Spat. Stat. 2017, 21, 460—-474. [CrossRef]

National Forestry and Grassland Administration. National Report on Ecological Benefit Monitoring of the Green for Green Project
(2015); China Forestry Press: Beijing, China, 2016; pp. 42-50.

Barron, M.; Rello, F. The impact of the tomato agroindustry on the rural poor in Mexico. Agric. Econ. 2020, 23, 289-297. [CrossRef]
Jin, G.; Guo, B.; Deng, X. Is there a decoupling relationship between CO, emission reduction and poverty alleviation in China?
Technol. Forecast. Soc. Chang. 2020, 151, 119856. [CrossRef]

Krauze, K.; Kiilvik, M.; Rey, E; van Dijk, J.; Vistad, O.I.; Wilkinson, M.E.; Wittmer, H. The science, policy and practice of
naturebased solutions: An interdisciplinary perspective. Sci. Total Environ. 2017, 579, 1215-1227.

World Economic Forum. Nature Risk Rising: Why the Crisis Engulfing Nature Matters for Business and the Economy. 2020.
Available online: https:/ /cn.weforum.org/reports/nature-risk-rising-why-the-crisis-engulfing-nature-matters-for-business-
and-the-economy (accessed on 19 January 2020).

International Union for Conservation of Nature. Guidance for Using the IUCN Global Standard for Nature-Based Solutions, 1st ed.;
International Union for Conservation of Nature: Gland, Switzerland, 2020.

Temmerman, S.; Meire, P.; Bouma, T.].; Herman, PM.; Ysebaert, T.; De Vriend, H.]J. Ecosystem-based coastal defence in the face of
global change. Nature 2013, 504, 79-83. [CrossRef] [PubMed]

Seddon, N.; Daniels, E.; Davis, R.; Chausson, A.; Harris, R.; Hou-Jones, X.; Hugq, S.; Kapos, V.; Mace, G.M.; Rizvi, A.R,; et al.
Global recognition of the importance of nature-based solutions to the impacts of climate change. Glob. Sustain. 2020, 3, E15.
[CrossRef]

Albert, C.; Brillinger, M.; Guerrero, P.; Gottwald, S.; Henze, J.; Schmidt, S.; Ott, E.; Schréter, B. Planning nature-based solutions:
Principles, steps, and insights. Ambio 2020, 50, 1446-1461. [CrossRef] [PubMed]

Maes, M.J.A.; Jones, K.E.; Toledano, M.B.; Milligan, B. Mapping synergies and trade-offs between urban ecosystems and the
sustainable development goals. Environ. Sci. Policy 2019, 93, 181-188. [CrossRef]

Keesstra, S.; Nunes, J.; Novara, A.; Finger, D.; Avelar, D.; Kalantari, Z.; Cerda, A. The superior effect of nature based solutions in
land management for enhancing ecosystem services. Sci. Total Environ. 2018, 610, 997-1009. [CrossRef] [PubMed]

Eggermont, H.; Balian, E.; Azevedo, ] M.N.; Beumer, V.; Brodin, T.; Claudet, J.; Fady, B.; Grube, M.; Keune, H.; Lamarque, P; et al.
Nature-based solutions: New influence for environmental management and research in Europe. GAIA Ecol. Perspect. Sci. Soc.
2015, 24, 243-248. [CrossRef]

He, H.].; Zhuo, ].; Wang, ].; Dong, ].F.; Quan, W.T. Relationship between fractional vegetation cover and humidity index after
returning farmland to forest in Shaanxi Province. Acta Ecol. Sin. 2016, 36, 439-447.

Song, X.Z.; Peng, C.Q.; Zhou, G.M,; Jiang, H.; Wang, W.F. Chinese grain for green program led to highly increased soil organic
carbon levels: A meta-analysis. Sci. Rep. 2014, 4, 4460. [CrossRef] [PubMed]

Peng, J.; Hu, X.; Wang, X.; Meersmans, J.; Liu, Y.; Qiu, S. Simulating the impact of Grain-for-Green Programme on ecosystem
services trade-offffs in Northwestern Yunnan, China. Ecosyst. Serv. 2019, 39, 100998. [CrossRef]

Zhang, L.; Sun, P.; Huettmann, F; Liu, S. Where should China practice forestry in a warming world? Glob. Chang. Biol. 2022, 28,
2461-2475. [CrossRef] [PubMed]

National Forestry and Grassland Administration (NFGA). The Twenty-Years Grain for Green Program (1999-2019). 2020.
Available online: https:/ /www.forestry.gov.cn/stzx/4 /20220208 /212603458957812.html (accessed on 30 June 2020).

Bryan, B.A.; Gao, L.; Ye, Y.; Sun, X.; Connor, ].D.; Crossman, N.D.; Stafford-Smith, M.; Wu, J.; He, C.; Yu, D.; et al. China’s response
to a national land-system sustainability emergency. Nature 2018, 559, 193-204. [CrossRef]

Yu, Q.; Feng, C.C.; Xu, N.; Guo, L.; Wang, D. Quantifying the Impact of Grain for Green Program on Ecosystem Service
Management: A Case Study of Exibei Region, China. Int. |. Environ. Res. Public Health 2019, 16, 2311. [CrossRef] [PubMed]


http://www.gov.cn/gongbao/content/2011/content_2020905.htm
http://doi.org/10.1016/j.spasta.2017.02.010
http://doi.org/10.1111/j.1574-0862.2000.tb00280.x
http://doi.org/10.1016/j.techfore.2019.119856
https://cn.weforum.org/reports/nature-risk-rising-why-the-crisis-engulfing-nature-matters-for-business-and-the-economy
https://cn.weforum.org/reports/nature-risk-rising-why-the-crisis-engulfing-nature-matters-for-business-and-the-economy
http://doi.org/10.1038/nature12859
http://www.ncbi.nlm.nih.gov/pubmed/24305151
http://doi.org/10.1017/sus.2020.8
http://doi.org/10.1007/s13280-020-01365-1
http://www.ncbi.nlm.nih.gov/pubmed/33058009
http://doi.org/10.1016/j.envsci.2018.12.010
http://doi.org/10.1016/j.scitotenv.2017.08.077
http://www.ncbi.nlm.nih.gov/pubmed/28838037
http://doi.org/10.14512/gaia.24.4.9
http://doi.org/10.1038/srep04460
http://www.ncbi.nlm.nih.gov/pubmed/24675818
http://doi.org/10.1016/j.ecoser.2019.100998
http://doi.org/10.1111/gcb.16065
http://www.ncbi.nlm.nih.gov/pubmed/34962005
https://www.forestry.gov.cn/stzx/4/20220208/212603458957812.html
http://doi.org/10.1038/s41586-018-0280-2
http://doi.org/10.3390/ijerph16132311
http://www.ncbi.nlm.nih.gov/pubmed/31261854

Sustainability 2022, 14, 7755 14 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ouyang, Z.; Zheng, H.; Xiao, Y,; Polasky, S.; Liu, J.; Xu, W.; Wang, Q.; Zhang, L.; Xiao, Y.; Rao, E.; et al. Improvements in ecosystem
services from investments in natural capital. Science 2016, 352, 1455-1459. [CrossRef] [PubMed]

Uchida, E.; Xu, J.; Rozelle, S. Grain for green: Cost-effectiveness and sustainability of China’s conservation set-aside program.
Land Econ. 2005, 81, 247-264. [CrossRef]

Wang, ].; Peng, J.; Zhao, M,; Liu, Y.; Chen, Y. Signifificant trade-offff for the impact of Grain-for-Green Programme on ecosystem
services in North-western Yunnan, China. Sci. Total Environ. 2017, 574, 57—-64. [CrossRef] [PubMed]

Fu, B; Liu, Y;; L1, Y;; He, C.; Zeng, Y.; Wu, B. Assessing the soil erosion control service of ecosystems change in the Loess Plateau
of China. Ecol. Complex. 2011, 8, 284-293. [CrossRef]

Wang, K.; Hu, D.; Deng, J.; Shangguan, Z.; Deng, L. Biomass carbon storages and carbon sequestration potentials of the Grain for
Green Program-Covered Forests in China. Ecol. Evol. 2018, 8, 7451-7461. [CrossRef] [PubMed]

Deng, L.; Liu, G.B.; Shangguan, Z.P. Land-use conversion and changing soil carbon stocks in China’s ‘Grain-for-Green’ Program:
A synthesis. Glob. Chang. Biol. 2014, 20, 3544-3556. [CrossRef] [PubMed]

Li, H.; Niu, X.; Wang, B. Prediction of Ecosystem Service Function of Grain for Green Project Based on Ensemble Learning. Forests
2021, 12, 537. [CrossRef]

Li, X;; Tian, Y;; Gao, T.; Jin, L.; Li, S.; Zhao, D.; Zheng, X.; Yu, L.; Zhu, J. Trade-Offs Analysis of Ecosystem Services for the Grain
for Green Program: Informing Reforestation Decisions in a Mountainous Headwater Region, Northeast China. Sustainability 2020,
12,4762. [CrossRef]

Liu, J.G,; Li, S.X,; Ouyang, Z.Y.; Tam, C.; Chen, X.D. Ecological and socioeconomic effects of China’s policies for ecosystem
services. Proc. Natl. Acad. Sci. USA 2008, 105, 9477-9482. [CrossRef]

Zhu, H.L.; Yang, G.H.; Han, L. Changes of Economic and Rural Industrial Structure Since the Implementation of Grain for Green
in Ansai County. In Proceedings of the Seventh International Joint Conference on Computational Sciences & Optimization IEEE
Computer Society, Beijing, China, 4-6 July 2014; pp. 680-683.

Wei, W.].; Wang, B.; Niu, X. Soil Erosion Reduction by Grain for Green Project in Desertification Areas of Northern China. Forests
2020, 11, 473. [CrossRef]

Wang, B.; Niu, X.; Wei, W.J. National Forest Ecosystem Inventory System of China: Methodology and Applications. Forests 2020,
11, 732. [CrossRef]

State Forestry Administration of China. National Report of Ecological Benefit Monitoring for the Grain for Green Project: 2014; China
Forestry Press: Beijing, China, 2016; pp. 1-13.

National Forestry and Grassland Administration. Specification of Monitoring and Evaluation of Ecological Benefits of Grain for Green
Project (LY/T 2573-2016); National Forestry and Grassland Administration: Beijing, China, 2016; pp. 1-32.

Niu, X.; Wang, B.; Liu, S.R.; Liu, C.J.; Wei, W.J.; Kauppi, PE. Economical assessment of forest ecosystem services in China:
Characteristics and implications. Ecol. Complex. 2012, 11, 1-11. [CrossRef]

National Forestry and Grassland Administration. National Report on Multiple Benefit Monitoring of the Green for Green Project (2017);
China Forestry Press: Beijing, China, 2019; pp. 110-113.

Wang, B.; Gao, P; Niu, X; Sun, J. Policy-driven China’s Grain to Green Program: Implications for ecosystem services. Ecosyst.
Serv. 2017, 27, 38-47. [CrossRef]

Xian, J.; Xia, C.; Cao, S. Cost-benefit analysis for China’s Grain for Green Program. Ecol. Eng. 2020, 151, 105850. [CrossRef]
Cao, S.; Xia, C.; Xian, J.; Guo, H.; Zheng, H. Payoff of the Grain for Green policy. J. Appl. Ecol. 2020, 57, 1180-1188. [CrossRef]
He, J.; Shi, X; Fu, Y; Yuan, Y. Spatiotemporal pattern of the trade-offs and synergies of ecosystem services after Grain for Green
Program: A case study of the Loess Plateau, China. Environ. Sci. Pollut. R 2020, 27, 30020-30033. [CrossRef]

Tan, Q.; Gong, C.; Li, S.; Ma, N.; Ge, E; Xu, M. Impacts of ecological restoration on public perceptions of cultural ecosystem
services. Environ. Sci. Pollut. R 2021, 28, 60182-60194. [CrossRef] [PubMed]

Yin, R.; Liu, C.; Zhao, M.; Yao, S.; Liu, H. The implementation and impacts of China’s largest payment for ecosystem services
program as revealed by longitudinal household data. Land Use Policy 2014, 40, 45-55. [CrossRef]

Li, H.; Yao, S.; Yin, R.; Liu, G. Assessing the decadal impact of China’s sloping land conversion program on household income
under enrollment and earning differentiation. For. Policy Econ. 2015, 61, 95-103. [CrossRef]

Wu, X.; Wang, S.; Fu, B.; Zhao, Y.; Wei, Y. Pathways from payments for ecosystem services program to socioeconomic outcomes.
Ecosyst. Serv. 2019, 39, 101005. [CrossRef]

Morrién, E.; Hannula, S.E.; Snoek, L.B.; Helmsing, N.R.; Zweers, H.; de Hollander, M.; Soto, R.L.; Bouffaud, M.-L.; Buée, M.;
Dimmers, W.; et al. Soil networks become more connected and take up more carbon as nature restoration progresses. Nat.
Commun. 2017, 8, 14349. [CrossRef]

Wu, X.; Wang, S.; Fu, B.; Feng, X.; Chen, Y. Socio-ecological changes on the Loess Plateau of China after Grain to Green Program.
Sci. Total Environ. 2019, 678, 565-573. [CrossRef]

Eulalia, G.M.; Raffaele, G.; Alessandro, P.; van der Keur, P.; Maria, M.C. Using a system thinking approach to assess the
contribution of nature based solutions to sustainable development goals. Sci. Total Environ. 2020, 738, 139693.

The State Council. Regulations on the Protection of Basic Farmland; The State Council: Beijing, China, 1994.


http://doi.org/10.1126/science.aaf2295
http://www.ncbi.nlm.nih.gov/pubmed/27313045
http://doi.org/10.3368/le.81.2.247
http://doi.org/10.1016/j.scitotenv.2016.09.026
http://www.ncbi.nlm.nih.gov/pubmed/27623527
http://doi.org/10.1016/j.ecocom.2011.07.003
http://doi.org/10.1002/ece3.4228
http://www.ncbi.nlm.nih.gov/pubmed/30151162
http://doi.org/10.1111/gcb.12508
http://www.ncbi.nlm.nih.gov/pubmed/24357470
http://doi.org/10.3390/f12050537
http://doi.org/10.3390/su12114762
http://doi.org/10.1073/pnas.0706436105
http://doi.org/10.3390/f11040473
http://doi.org/10.3390/f11070732
http://doi.org/10.1016/j.ecocom.2012.01.001
http://doi.org/10.1016/j.ecoser.2017.07.014
http://doi.org/10.1016/j.ecoleng.2020.105850
http://doi.org/10.1111/1365-2664.13608
http://doi.org/10.1007/s11356-020-09060-0
http://doi.org/10.1007/s11356-021-14793-7
http://www.ncbi.nlm.nih.gov/pubmed/34152538
http://doi.org/10.1016/j.landusepol.2014.03.002
http://doi.org/10.1016/j.forpol.2015.07.008
http://doi.org/10.1016/j.ecoser.2019.101005
http://doi.org/10.1038/ncomms14349
http://doi.org/10.1016/j.scitotenv.2019.05.022

	Introduction 
	Materials and Methods 
	Overview of Grain for Green Project in Contiguous Poverty-Stricken Regions 
	Distribution of Monitoring Sites 
	Distributed Evaluation Method for Assessing Ecosystem Services 
	Data Collection for Assessing Ecosystem Services 
	Assessment of Ecosystem Serivices 
	Assessment of Socioeconomic Benefit 

	Results 
	Ecological Benefit of the GGP in the CPSR 
	Social Benefit of the GGP in the CPSR 
	Economic Benefit of the GGP in the CPSR 

	Discussion 
	Contribution of the GGP in the Context of NBS in the CPSR 
	Main Problems in the Process of Project Implementation 
	Countermeasures and Suggestions 

	Conclusions 
	References

