
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202102.00038

Impacts of Enclosure on Livelihoods and Activ-
ities of Residents in Desertified Areas: A Post-
print
Authors: Chi Hong, Luo Yongzhong

Date: 2021-02-13T00:00:00+00:00

Abstract
To investigate the impacts of establishing protected areas on the livelihoods of
residents in desertified lands across different ecosystem types, this study ana-
lyzes economic indicators including annual gross household income, Engel co-
efficient, and income structure index, as well as ecological indicators such as
resource dependency, human activity impact index, and ecological awareness
sensitivity, in the protected areas (project zones) and unprotected areas (con-
trol zones) of Maqu, Minqin, and Shandan, the 2017 pilot counties for pro-
tected area establishment in Gansu Province, using questionnaire surveys and
interview methods. The results show that: for economic indicators, both an-
nual gross household income and income structure index exhibit the pattern
of Maqu < Minqin < Shandan; the Engel coefficient shows the opposite trend,
with values for Maqu, Minqin, and Shandan being (project zone 0.35, control
zone 0.33), (project zone 0.34, control zone 0.29), and (project zone 0.30, con-
trol zone 0.26), respectively. The Engel coefficient demonstrates a significant
negative correlation with annual gross household income, with correlation coeffi-
cients of (project zone -0.946, control zone -0.923), (project zone -0.894, control
zone -0.927), and (project zone -0.901, control zone -0.961), respectively; for eco-
logical indicators, resource dependency and human activity impact index follow
the pattern of Maqu > Shandan > Minqin, while ecological awareness sensi-
tivity exhibits the characteristic of Maqu < Minqin < Shandan. For economic
indicators, the Engel coefficient and Minqin’s income structure index are higher
in project zones than in control zones, while annual gross household income and
the income structure indices of Maqu and Shandan are lower in project zones
than in control zones, with all indicators except the Engel coefficient showing
significant differences (P < 0.05); for ecological indicators, resource dependency,
human activity impact index, and ecological awareness sensitivity are all higher
in project zones than in control zones, and all show significant differences (P
< 0.05). Overall, the ecological and economic conditions in control zones are
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better than those in project zones; however, the trend of ecological degradation
in project zones has been curbed to a certain extent, and income structures
have shifted from singular to diversified. These conclusions provide a basis for
guiding the transformation of economic growth patterns, rational zoning, and
regional sustainable development in desertified land protected areas.
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Abstract

To investigate the impact of establishing closed protection reserves on the liveli-
hoods of residents in desertified lands across different ecosystem types, this study
employs questionnaire surveys and interviews to analyze economic indicators—
including average annual gross household income, Engel coefficient, and income
structure index—and ecological indicators—including resource dependence, hu-
man activity impact index, and ecological awareness sensitivity—in both closed
(project) and unclosed (control) areas of Maqu, Minqin, and Shandan counties
in Gansu Province, which were designated as pilot counties for desertification
closure protection in 2017. Results indicate that economic indicators of av-
erage annual gross household income and income structure index exhibit the
pattern of Maqu < Minqin < Shandan, while the Engel coefficient shows the
opposite trend. The Engel coefficient demonstrates a significant negative corre-
lation with average annual gross household income, with correlation coefficients
of 0.946 and 0.923 for Maqu, 0.894 and 0.927 for Minqin, and 0.901 and 0.961
for Shandan in project and control areas, respectively. Ecological indicators of
resource dependence and human activity index follow the pattern of Maqu >
Shandan > Minqin, while ecological awareness sensitivity shows Maqu < Min-
qin < Shandan. The Engel coefficient and Minqin’s income structure index
are higher in project areas than control areas, whereas average annual gross
household income and the income structure indices of Maqu and Shandan are
lower in project areas than control areas, with significant differences (P<0.05)
observed for all indicators except the Engel coefficient. Resource dependence,
human activity impact index, and ecological awareness sensitivity are all higher
in project areas than control areas, with significant differences (P<0.05). Over-
all, while the ecological and economic status of control areas is better than that
of project areas, the trend of ecological degradation in project areas has been
curbed to some extent, and income structures have shifted from single to di-
versified sources. These conclusions provide empirical evidence for guiding the
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transformation of economic growth patterns, rational zoning, and sustainable
regional development in closed desertification protection reserves.

Key words: prohibition; desertified land; Engel coefficient; resource depen-
dence

1. Study Area Overview
Land desertification refers to a land degradation process characterized by wind-
sand activities, occurring in arid, semi-arid, and partially semi-humid regions
with sandy foundations and dry, windy conditions, resulting from excessive hu-
man activities that are incompatible with environmental resources. This repre-
sents one of the most severe environmental challenges facing Northwest China.
By 2017, Gansu Province had established multiple closed protection reserves
for desertified land. As pilot programs for closed protection have advanced, the
ecological, social, and economic benefits of these measures have become a re-
search focus, with numerous scholars investigating indicator systems, methods,
and conclusions for ecological protection performance evaluation.

Located in the inland hinterland of Northwest China, Gansu Province faces se-
vere desertification, with extensive sandy land areas. Around 2015, the state
implemented grazing bans in areas with serious grassland degradation. Wack-
ernagel’s ecological footprint concept, which comprehensively evaluates the
ecological impact of human activities, has been widely applied. Multidisci-
plinary approaches have been integrated into payment for ecological service
value projects in Switzerland, and research has explored principles and methods
for benefit evaluation indicator screening. Wei Huilan et al. analyzed ecological
change trends in the Qinling Nature Reserve from ecological protection and eco-
nomic development perspectives, concluding that energy diversification should
be achieved in stages to meet household fuel demands. Du Min et al. studied
the effectiveness of closure protection measures in the Hulunbuir Sandy Land,
demonstrating that desert-oasis ecosystems within closed areas have become
more balanced and stable. However, while closure achieves ecological protec-
tion effects, it simultaneously generates both positive and negative impacts on
local residents’lifestyles and production patterns. Currently, research on how
closure affects local residents’livelihoods and activities remains limited.

Maqu County, located on the eastern edge of the Qinghai-Tibet Plateau, serves
as an important“water reservoir”and“water source replenishment area”for the
upper Yellow River. Minqin County is one of the most severely desertification-
affected regions in Gansu and even nationwide. Shandan County lies in the
central Hexi Corridor at the farming-pastoral ecotone, known as the“throat of
Gansu and key passage of the corridor.”To address Gansu’s extensive and se-
vere desertification, the Ministry of Finance and State Forestry Administration
launched pilot closed protection programs in Maqu, Minqin, and Shandan in
2017. To date, no studies have reported on the socio-economic impacts of these
desertification closure protection programs on residents’livelihoods and activ-
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ities in these three critical regions. This research addresses this gap through
questionnaire surveys and interviews conducted in these counties.

According to China’s fifth national desertification and sandification monitor-
ing report, the national desertified area in 2015 was 172.1175 million hectares,
accounting for 17.93% of total land area, with Gansu ranking among the top
provinces. This study selected three national desertified land closed protection
reserves in Gansu as research areas: Anggebu in Maqu County, Qingtu Lake
Shangbalangjing in Minqin County, and Dongle Nantan in Shandan County
(Fig. 1).

Maqu County is situated at the eastern end of the Qinghai-Tibet Plateau,
with elevations ranging from 3,300 to 4,800 meters and a cold, humid climate.
The average annual temperature is 1.2°C, and average annual precipitation
is 615.5 mm. Maqu’s total desertified land area is 1,217.02 km2, repre-
senting 1.53% of the county’s total land area. The Maqu closed area
(project area) includes Oula Township, Nima Town, and Hequ Horse Farm,
with geographic coordinates of 102°12�08�E/33°54�06�N (northeast corner)
to 101°51�09�E/34°15�00�N (southeast corner) and 101°52�02�E/34°22�02�N
(southwest corner) to 102°08�00�E/33°51�06�N (northwest corner). The Maqu
unclosed area (control area) selected Manrima Township and OulaxiuMa
Township.

Minqin County is located in the northeastern Hexi Corridor of Gansu Province,
with an average elevation of 1,367 meters, average annual temperature of 7.8°C,
and average annual precipitation of approximately 162.9 mm. Minqin’s to-
tal desertified land area is 10,000 hm2, with concentrated contiguous distribu-
tion, representing a typical arid desert region. The Minqin closed area (project
area) is Qingtu Lake on the northern line of the Minqin Oasis, with coordi-
nates of 103°48�53.11�–103°55�11.84�E and 39°09�28.96�–39°17�29.76�N. The Min-
qin unclosed area (control area) selected Hongshaliang Town, Datan Town, and
Donghu Town.

Shandan County lies in the central Hexi Corridor, with elevations of 1,550–
4,440 meters, average annual temperature of 5.9°C, and a continental cold semi-
arid climate. Shandan’s total desertified land area is 10,115.72 hm2, with
concentrated contiguous distribution, making it an important dust source area
and dust storm pathway in Northwest China. The Shandan closed area (project
area) includes Dongle Town and Qingquan Town, with coordinates of 100°47�40�–
101°00�58�E and 38°42�14�–38°48�32�N. The Shandan unclosed area (control area)
selected Chenhu Town and Weiqi Town.

[Figure 1: see original paper]

2.1 Data Sources
Research data were obtained through random sampling surveys conducted in
closed (project) and unclosed (control) areas of Maqu, Minqin, and Shandan.
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The field survey administered 630 questionnaires, with an overall effective rate of
98.41%. Specifically, 380 questionnaires were distributed in project areas, with
374 valid responses (98.41% effective rate). In control areas, 250 questionnaires
were distributed, with 246 valid responses (98.31% effective rate). The ques-
tionnaire quantity and validity meet survey requirements and achieve expected
objectives (Table 1).

2.2 Research Methods
The study conducted three rounds of surveys from 2017 to 2019 in the deserti-
fication closed protection project areas and surrounding control areas of Maqu,
Minqin, and Shandan. Data were collected through questionnaires and inter-
views. Economic indicators—including average annual gross household income,
Engel coefficient, and income structure index—and ecological indicators—includ-
ing resource dependence, human activity impact index, and ecological awareness
sensitivity—were used to reflect the impacts of closure on residents’livelihoods
and activities.

2.2.1 Average Annual Gross Household Income

Average annual gross household income primarily describes residents’annual in-
come status, reflecting that lower-income households experience greater poverty,
while higher-income households enjoy greater prosperity.

2.2.2 Engel Coefficient

The Engel coefficient represents the proportion of food expenditures in total
household consumption expenditures, calculated as:

Engel Coefficient = Food Expenditure
Total Consumption Expenditure × 100%

This coefficient describes the relative degree of household poverty (or prosperity)
and exhibits a significant negative correlation with household development indi-
cators such as production resources and income level, while showing a positive
correlation with the intensity of human desertification activities.

2.2.3 Income Structure Index

The household income structure index is defined as a weighted measure based on
income categories and their environmental impact. The theoretical value range
is (–1, 1), where positive values indicate that changes in income structure are
positive for biodiversity conservation, while negative values indicate the opposite
trend.
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2.2.4 Resource Dependence

Resource dependence refers to the proportion of household income directly de-
rived from desert resources. Income from desert resources includes monetary
equivalents of fuel, construction wood, sand and soil extraction obtained from
the desert, as well as income from livestock breeding using desert and natural
grassland resources. Calculated as:

Resource Dependence = Income from Desert Resources
Total Income × 100%

The theoretical value range is (0, 1), where higher values reflect greater depen-
dence of residents’production activities on desert systems, which is less favorable
for ecological protection.

2.2.5 Human Activity Impact Index

The human activity impact index (EI) measures the environmental impact of
activities undertaken by sample households and their members, considering both
impact scope and intensity:

𝐸𝐼 =
𝑛

∑
𝑘=1

𝑆𝑘
𝑆 ⋅ 𝜀𝑘

where 𝑆 represents the total area available for production and living activities
(assumed constant), 𝑆𝑘 represents the actual area used for the 𝑘th activity type,
and 𝜀𝑘 represents the impact intensity of the 𝑘th activity type, with values
defined between 0 and 1. The theoretical value range of EI is (0, 1), where
values closer to 1 indicate greater environmental impact from the scope and
intensity of human activities.

2.2.6 Ecological Awareness Sensitivity

Ecological awareness sensitivity (CBI) measures the transformation trend of
community members’consciousness and behavior under project influence. As-
suming 𝑚 aspects of project impact (awareness and behavior) are considered,
with 𝜃𝑘 representing the total number of people involved in the 𝑘th aspect, and
𝜃𝑅𝐸𝑆,𝑘 representing the number of residents who effectively participated in the
𝑘th project activity, CBI is calculated as:

𝐶𝐵𝐼 = 1
𝑚

𝑚
∑
𝑘=1

𝜃𝑅𝐸𝑆,𝑘
𝜃𝑘

This represents the average participation rate of sample area residents in conser-
vation activities, reflecting both individual development from an awareness and
behavioral perspective and the potential social and ecological outcomes of the
project. The value range is (0, 1), where higher values indicate higher average
participation rates and greater ecological awareness sensitivity.
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3.1.1 Changes in Average Annual Gross Household Income
Both project and control areas show the pattern of Maqu < Minqin < Shandan
for average annual gross household income (Fig. 2). In Maqu, Minqin, and
Shandan, project area household incomes are 30.77%, 30.92%, and 28.50% lower
than control areas, respectively, with average incomes of [values] in project areas
versus [values] in control areas. These differences are statistically significant
(P<0.05) across all counties.

[Figure 2: see original paper]

3.1.2 Changes in Engel Coefficient
Engel coefficients in Maqu, Minqin, and Shandan project areas are [values],
compared to [values] in control areas, showing the pattern of Maqu > Minqin
> Shandan (Fig. 3). The average Engel coefficient in project areas is 13.79%
higher than in control areas (0.33 vs. 0.29). While the difference between Maqu’s
project and control areas is not significant, Minqin and Shandan show significant
differences (P<0.05).

[Figure 3: see original paper]

3.1.3 Changes in Income Structure Index
Across all three pilot counties, Shandan exhibits the highest income structure
index, followed by Minqin, with Maqu showing the lowest. Income structure
indices in Maqu, Minqin, and Shandan project areas are [values], with Minqin’s
project area index 36.14% higher than its control area, while Maqu and Shandan
project areas are 39.47% and 20.92% lower than their respective control areas.
The control area average is [value], and project area income structure indices
are significantly lower than control areas (P<0.05).

[Figure 4: see original paper]

3.2.1 Changes in Resource Dependence
As shown in Fig. 5, Maqu County’s project area resource dependence is [value],
26.15% higher than its control area. Minqin and Shandan counties show re-
source dependence values of [values] in project areas, representing increases of
195.24% and 143.75% over control areas, respectively. All three pilot counties
demonstrate significantly higher resource dependence in project areas compared
to control areas (P<0.05).

[Figure 5: see original paper]

3.2.2 Changes in Human Activity Impact Index
Human activity impact indices in the three pilot counties’project areas are
8.05%, 10.88%, and 14.42% higher than control areas, respectively. Project
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areas show an average index of [value] versus [value] in control areas, with the
pattern of Minqin > Shandan > Maqin observed in both project and control
areas (Fig. 6). Differences between project and control areas are statistically
significant (P<0.05).

[Figure 6: see original paper]

3.2.3 Changes in Ecological Awareness Sensitivity
Ecological awareness sensitivity values in Maqu, Minqin, and Shandan project
areas are [values], compared to [values] in control areas. Minqin shows the great-
est increase (39.42%), followed by Shandan (25.60%), with Maqu showing the
smallest increase (8.14%). Average ecological awareness sensitivity is 30.48% in
project areas versus [value] in control areas, with significant differences (P<0.05)
observed across all three counties (Fig. 7).

[Figure 7: see original paper]

4.1.1 Economic Characteristic Indicators
The study reveals that average annual gross household income and income struc-
ture index follow the pattern of Maqu < Minqin < Shandan, while the Engel
coefficient shows the opposite trend (Shandan < Minqin < Maqu). These pat-
terns primarily reflect differences in economic structure across counties. Maqu
is a pure pastoral county without cultivated land, with income mainly from
livestock production, resulting in a relatively singular income source. Minqin
has more diverse income sources, with many residents working as migrant la-
borers or running businesses, though drought conditions affect crop and grain
income. Shandan, located in the farming-pastoral ecotone, benefits from di-
verse income structures, concentrated rainfall, and advantageous agricultural
and pastoral development, with diverse alternative livelihoods making residents
relatively prosperous.

Engel coefficients in both project and control areas across the three pilot coun-
ties show significant negative correlations with average annual gross household
income (Table 2). Correlation coefficients are 0.946 and 0.923 for Maqu, 0.894
and 0.927 for Minqin, and 0.901 and 0.961 for Shandan in project and control
areas, respectively. These findings align with Chenery and Syrquin’s research
on development patterns.

Average annual gross household income and income structure indices in Maqu
and Shandan show project area < control area patterns, primarily because fenc-
ing and enhanced patrols in project areas have greatly reduced grazing, herb
collection, and stone extraction, substantially limiting main income sources com-
pared to control areas. This aligns with Zhu Hongge et al.’s findings on the
negative impacts of comprehensive logging bans on forest area residents’house-
hold income. In Minqin, however, the number of migrant workers increased
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after closure, with labor income becoming a primary household income source,
resulting in project area > control area patterns for income structure index.

Engel coefficients and Minqin’s income structure index show project area >
control area patterns across the three counties. Project areas are relatively poor
townships with severe desertification where grain cultivation is difficult, food
expenditures are high, and economic life is relatively singular and disordered.
Control areas, mostly near county towns, have more diverse economies based
on self-employment, migrant labor, and cash crop cultivation, with relatively
wealthy households showing higher Engel coefficients. This aligns with Wu
Beibei et al.’s findings on significant differences in food consumption levels and
structures across different income groups.

4.1.2 Ecological Characteristic Indicators
Resource dependence and human activity impact index across the three pilot
counties follow the pattern of Maqu > Shandan > Minqin. Maqu is a pure pas-
toral county where grassland constitutes over 90% of land area, with production
and livelihood heavily dependent on grassland resources, resulting in extremely
high resource dependence. The county’s main income source from livestock
production involves high-intensity human activities such as overgrazing and fu-
elwood collection, significantly impacting natural grasslands and creating unfa-
vorable conditions for ecological protection. Shandan, located in the farming-
pastoral ecotone, represents a fragile ecosystem where agriculture and pastoral-
ism are major economic elements with substantial dependence on and impact
to grasslands and farmland. In Minqin, despite having agriculture, forestry,
and animal husbandry, the rapid increase in migrant workers after closure has
reduced dependence on resources, particularly desert resources, minimizing en-
vironmental impact and favoring natural resource restoration and regeneration.
This aligns with Duan Wei et al.’s finding that higher-income households have
lower natural resource dependence and Wei Jianbing et al.’s conclusion that
rational human activities reduce environmental impact and facilitate ecological
restoration.

Ecological awareness sensitivity shows the pattern of Maqu < Minqin < Shan-
dan. This primarily reflects that most residents in Maqu are Tibetan no-
mads with limited communication and language barriers, making environmental
awareness campaigns difficult to transmit effectively, resulting in weaker envi-
ronmental consciousness and participation. Minqin residents live in relatively
concentrated areas with numerous organized environmental awareness activi-
ties, facilitated communication, and implemented government reward-penalty
systems that significantly influence residents’environmental awareness and be-
havior. Shandan, located in the farming-pastoral ecotone, has effective environ-
mental awareness campaigns and relatively complete policy systems that guide
and constrain residents from both awareness and institutional perspectives, play-
ing a protective role for Shandan’s ecological environment. This aligns with
Wang Xueting et al.’s conclusion that environmental penalty systems promote
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rural residents’participation in governance.

All three pilot counties show project area > control area patterns for resource
dependence, human activity impact index, and ecological awareness sensitivity.
Project areas are located in regions with large concentrated sandy areas and the
most severe desertification hazards, formed by both drought conditions and ex-
cessive resource exploitation, frequent agricultural production, and animal hus-
bandry activities. After establishing desertification closed protection reserves,
government advocacy and shifts in resident awareness have created favorable
conditions for the ecological environment. This aligns with Xu Zengwei et al.’
s research that government should strengthen guidance on new environmental
governance models, establish effective self-interest incentive mechanisms, ensure
favorable transformation of farmers’interests and ecological environment, and
improve farmers’environmental cognition levels. However, control areas have
been somewhat neglected in environmental advocacy, resulting in lower envi-
ronmental governance awareness among residents. Therefore, only when house-
hold living conditions are improved can residents’environmental awareness be
enhanced to standardize their behavior and properly handle the relationship be-
tween economic development and environmental protection. Diverse economic
income structures can reduce resource dependence, as human activities’impact
on Earth becomes increasingly evident and both government advocacy and pub-
lic environmental awareness promote positive ecological development.

4.2 Conclusion
Average annual gross household income and income structure index across Maqu,
Minqin, and Shandan follow the pattern of Maqu < Minqin < Shandan, while
the Engel coefficient shows the opposite trend. Resource dependence and human
activity impact index follow the pattern of Maqu > Shandan > Minqin, while
ecological awareness sensitivity shows Maqu < Minqin < Shandan.

Average annual gross household income (project area: [value]; control area:
[value]), resource dependence (project area: [value]; control area: [value]), hu-
man activity impact index (project area: [value]; control area: [value]), and
ecological awareness sensitivity (project area: [value]; control area: [value]) all
show project area > control area patterns, with significant differences (P<0.05).
Engel coefficient and Minqin’s income structure index also show project area >
control area patterns, while average annual gross household income and income
structure indices of Maqu and Shandan show project area < control area pat-
terns, with significant differences (P<0.05). In summary, while control areas
exhibit better ecological and economic status than project areas, the trend of
ecological degradation in project areas has been curbed to some extent, income
structures have shifted from single to diversified sources, and residents’environ-
mental protection awareness has improved. These conclusions provide empirical
evidence for guiding economic growth pattern transformation, rational reserve
zoning, and sustainable regional development in closed desertification protection
reserves.
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