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Abstract: Implementation of ecological migration (eco-migration) policies may improve the fragile ecological environment of
emigration areas; however, it also places enormous pressure on the human-environment systems in immigrant resettlement re-
gions. Via the application of participatory rural appraisal (PRA) methods, ecological footprint (EF), and stochastic impacts by
regression on population, affluence, and technology (STIRPAT) models, 21 villages of Huanjiang County in Guangxi Zhuang
Autonomous Region, China were used in this research as a case study area for the environmental appraisal of eco-migration
policies in immigrant resettlement regions. Results show: (1) In the past 20 years of implementing eco-migration policies, the EF
per capita constantly increased, the biocapacity (BC) per capita constantly decreased, and the ecological deficit gradually in-
creased, indicating an extremely negative impact of eco-migration projects on the ecological environment in the immigration
areas. (2) Cropland and forest land are the most important components of the per-capita EF. The per-capita EF of cropland expe-
rienced overall a first increasing and then decreasing trend, and the per-capita EF of forest land constantly increased and showed
the most rapid increase among all types of EF in the last two decades. (3) The proportion of per-capita EF of different types of
productive land is in the order of forest land > cropland > carbon uptake land > built-up land > grazing land from high to low, and
this is a significant change from the original order of cropland > forest land > carbon uptake land > grazing land > built-up land. (4)
Because of unequal possession of ecologically productive resources, the overall per-capita EF, overall per-capita BC, overall
per-capita ecological deficit of productive land use by migrants, and their component values of different types of productive land
use are all lower than the corresponding values of the natives. The ecological deficit of natives is more severe than that of migrants.
(5) Whereas population growth and overexploitation of resources lead directly to the increased pressure on the ecological envi-
ronment in the immigration areas, increasing nonagricultural income and improving the consumption structure can reduce the
dependence of farmers on the land, thus inhibiting the increase of EF.

Key words: Ecological migration; Environmental impact; Ecological footprint (EF); Immigration area; China
https://doi.org/10.1631/jzus.A1600669 CLC number: Q14

1 Introduction tion have become global problems (Myers, 2002).
Migrants’ livelihood and ecological problems have

Poverty and ecological migration (eco-migration)  subsequently become core issues of global poverty
caused by climate change, drought, and desertifica-  reduction and human-environment sustainability
(Duraiappah, 1998; Ferrol-Schulte et al., 2013). Eco-
migration can reduce the continuing destruction of
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resources, thus carrying great significance for the
improvement of regional ecological environments
(Myers, 1997; Barbier, 2010; Raleigh, 2011; Morris-
sey, 2013). However, large-scale immigration will
inevitably cause a reshaping of human-environment
systems in the immigration area. In particular, in less
developed regions where land resources are limited
and employment opportunities are lacking, the com-
petitive relationship between immigrants and local
population natives will be more marked (Huang et al.,
2001; Trier and Turashvili, 2007; Fox et al., 2009).

An eco-migration program is a complex phe-
nomenon, with the effects of eco-migration influ-
enced by the natural, social, economic, political, and
cultural factors of a region. The effects of eco-
migration have subsequently become core issues of
global poverty reduction and human-environment
sustainability (Duraiappah, 1998; Ferrol-Schulte et al.,
2013). A fair amount of scholarship has tried to
characterize and describe the impact of migration.
However, no consensus has been reached by previous
studies regarding the effectuation of the immigration
program (Ocello et al., 2014). One perspective sug-
gests that migration can indeed be seen as a coping
mechanism or as a last-resort solution, which im-
proves the ecological environment on emigration. It is
generally believed that there is a close relationship
between poverty, eco-migration, and fragile ecologi-
cal environments (Cavendish, 2000; Bates, 2002;
Ezra, 2003; Morrissey, 2013). Another perspective
takes a negative view. According to this second per-
spective, large-scale eco-migration will inevitably
cause tremendous impact and pressure on the natural-
social-economic system in immigration regions; fur-
thermore, eco-migration and environmental degrada-
tion will be trapped in a vicious circle (Becchetti et al.,
2010). For example, as Nepal’s eco-migration pro-
gram shows that limited cropland land with resources
under competition leads to the further deterioration of
the regional ecological environment, control of the
population is far more important than the implemen-
tation of the eco-migration program (Hrabovszky and
Miyan, 1987; Bachour and Dong, 2006; Thornton et
al., 2012).

Ecological footprint (EF), from the perspective
of the land area used for production, indicates the

effect and impact of human consumption activities on
the natural environment and reflects the environ-
mental pressure and crisis in the investigated region
(Wackernagel et al., 1999; Mostafa, 2010). EF anal-
ysis serves as an effective tool for measuring the
impact of human activities on the ecological envi-
ronment, and its use can be expanded to investiga-
tions at global, national, regional, and individual
levels and in various fields such as agriculture, na-
tional land resources, energy, and tourism (Li et al.,
2007; Rice, 2007; Gonzalez-Vallejo et al., 2015; Xi et
al., 2015; Guo and Yan, 2016; Ozturk et al., 2016).
Moreover, research using this indicator has devel-
oped from static research to long-term time-series
dynamic research. The EF method is easily under-
stood and can be easily combined with the use of
other indicators. This method is mainly combined
with the input-output method, energy value analysis,
and geographic information system (GIS) methods to
analyze the processes and causes of regional envi-
ronmental changes (Chang and Xiong, 2005; Ferng,
2009; Wu et al., 2013). Because of drastic changes in
land use and regional environments, ecologically
fragile regions have gradually become research fo-
cuses in EF-related research. For example, Xiao et al.
(2015) established an ecological assessment model
based on the EF model and applied the model to
resettlement compensation management for migra-
tion action in the Three Gorges Reservoir Project. Fu
et al. (2013) and Li et al. (2015) employed the EF
method for ecological safety assessment in northwest
China and Tibet, China, which are ecologically frag-
ile plateau regions. In addition, a large number of
researchers have analyzed the influential factors of
environmental pressure in ecologically fragile re-
gions based on assessment using EF models. Alix-
Garcia et al. (2010), based on EF analysis of eco-
logically deteriorated areas, stated that an increase of
income increases the ecological environmental
pressure, particularly in areas with poor basic infra-
structure. Moreover, they concluded that convenient
transportation can ease environmental pressure. Hou
et al. (2015), based on research data from Zhangye
City in the northwest arid region of China, used EF as
an environmental pressure indicator to analyze the
environmental impact of rural farmers’ consumption
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and concluded that means of livelihood and con-
sumption patterns are the most important factors
affecting the per-capita EF of rural households. EF
analysis of the ecological functional region of the
Inner Mongolia farming-pastoral belt suggested that
nonagricultural employment opportunities can re-
lieve environmental impact to a certain extent (Hao et
al., 2015). Rural households are the main subjects in
the social economy and land use decision-making,
and thus their production and consumption behaviors
have an important effect on the ecological environ-
ment (Hao et al., 2015; Liang and Zhai, 2015). Be-
cause EF models possess various advantages, such as
effective reflection of environmental quality, rela-
tively complete accounting systems, and bottom-up
data collection, a number of researchers have used
EF to investigate the ecological environmental im-
pact of economic and decision-making behaviors of
rural households at the micro-level (Zhao, 2013;
Shen et al., 2015; Wang and Zhang, 2015). The re-
sults of these research indicated that the economic
behaviors of rural households are an important factor
affecting the quality of the local environment. Re-
search on the driving mechanisms of EF changes of
rural households can provide a good reference for
developing policies that can effectively improve
local environments.

Research on eco-migration emerged in the
1980s—1990s in China. Different from the general
situation in other countries, China’s eco-migration
was developed along with national poverty allevia-
tion and development projects. The government
planned and organized eco-migration in China, with
the aim of protecting fragile ecological environments
and improving the living situation of local residents
and the development of emigration regions. From
1983 to 1999, China’s western provinces (autono-
mous regions) began to explore the ecological mi-
gration policy for poverty relief. Since 2000, the
government has arranged for central investment to
implement ecological migration for poor people liv-
ing in ecologically fragile areas (CPAD, 2011). The
scope of implementation extended from the initial
four provinces to 17 provinces. By the end of 2015,
the state has accumulated a total of 36.3 billion CNY
as the compensation investment, relocated more than

6.8 million people, and adopted a combination of
ecological immigration and poverty alleviation pro-
jects, returning farmland to forests and other policies
(Chen and Ge, 2015). According to China’s 13th
Five-Year Plan, more than 10 million people will
emigrate from the ecologically fragile regions in
northwest and southwest China, with the hope of
solving the increasingly severe ecological and pov-
erty issues in the areas. Implementation of eco-
migration projects will inevitably lead to significant
changes of the population-resource-environment
structure in both emigration and immigration areas.
Whereas eco-migration improves the resource envi-
ronment in the emigration areas, it also raises a new
question: will it bring a large amount of pressure to
the natural and environmental systems in immigrant
resettlement areas, causing new environmental re-
source issues in these areas? In a number of devel-
oping countries, including Indonesia, Brazil, and
Ethiopia, previous eco-migration projects commonly
caused environmental disasters and worsened the
poverty issue in the immigrant resettlement areas
(Finco, 2009; Morrissey, 2013). In China, eco-
migration is an important strategy for improving
ecological environments and alleviating poverty, and
as a result, its in relieving human-
environment conflicts is critical for the further pro-
motion of state strategies at the regional level.

Success

Therefore, timely research concerning the ecological
environmental impact of eco-migration projects on
immigrant resettlement areas can provide a good
reference for the implementation of eco-migration
projects during the poverty alleviation and devel-
opment programs in China, or even worldwide.
Guangxi Zhuang Autonomous Region, China is
an area with typical karst landform development and
the co-existence of economic poverty and an ecolog-
ically fragile environment. Karst formations occupy
97700 km” of land area in this region, accounting for
approximately 41% of the total land area. Because of
the fragility of the ecological environment and the
long-existing impact of human activities, the region
has experienced severe land degradation and serious
rocky desertification. Approximately 400000 people
live in karst mountain regions with an insufficient
per-capita cropland land area of 0.02 hm”. Because of
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poor objective conditions, directly investing a large
amount of resources does not necessarily solve the
poverty issue nor improve the ecological environment
in these regions fundamentally. Since the 1980s, an
eco-migration project has been implemented in these
regions, through which rural residents move from the
karst regions, where they lack basic living conditions,
to the hilly regions, where land resources are rela-
tively abundant. Guangxi became a model for China’s
eco-migration project, where nearly 230000 farmers
were resettled from 1994 to 2000, and more than 1
million people will emigrate from the ecologically
fragile regions in 2016—-2020.

In this study, Huanjiang County in Guangxi
Zhuang Autonomous Region was used as a case study
to explore the ecological environmental change in
eco-migrant resettlement regions. The EF method
served as a research tool to investigate the ecological
environmental impact of the production and con-
sumption behaviors of rural households in immigrant
resettlement areas. In addition, a stochastic impacts
by regression on population, affluence, and technol-
ogy (STIRPAT) model was used to analyze the soci-
oeconomic factors that affect the ecological envi-
ronmental change at the rural household level. The
aims of this study were to provide a basis for
decision-making related to sustainable production and
decision-making behaviors of rural households in
eco-migrant resettlement areas, as well as to develop
strategies and suggestions to mitigate EF increase and
ecological deficit in such areas.

2 Research area

Huanjiang County is located in the northwestern
part of the Guangxi Zhuang Autonomous Region. It
has a total land area of 4572 km®. There is a gradual
reduction in terrain from north to south, and the sec-

tion south of the center is hilly land with a small basin.

The highest altitude in the county is 1693 m and the
lowest is 149 m. Located in the subtropical monsoon
zone, it has a moderate climate with plenty of rain and
is warm in winter and cool in summer. Given the
county’s barren hill slopes and the significant con-
centration of young forests, there is a large contiguous

area with considerable potential for agricultural de-
velopment. Therefore, conditions in the county have
been favorable for scaling up development relating to
the eco-migration project. Since the early 1990s, the
county has received 70000 eco-migrants, distributed
on 290 resettlement sites. Huanjiang has become the
largest and most representative eco-migrant reset-
tlement county of the southwestern karst region.

Based on the findings of a comprehensive ex-
ploratory study and the views of relevant public de-
partments, including the Huanjiang County Land
Resources Bureau, Agriculture Bureau, Forestry Bu-
reau, and Poverty Alleviation Office, as well as those
of local people, 21 resettlement sites were selected in
this study as survey points. The selected resettlement
sites, which are located in Jinqiao Village, Daan
Township, share similar features in terms of natural
and socioeconomic conditions, resource-use patterns,
and concentration of resettlement farmers, and thus
the selected sites are representative.

3 Data sources and methods
3.1 Data sources

The research was carried out using a participa-
tory rural appraisal (PRA) method for the period
June—July 2015. The research data were obtained
through face-to-face interviews. The interviews in-
cluded not only the relevant information on farmers in
2014, but also the information about farmers before
the ecological migration in 1995 and at the ecological
resettlement midterm in 2005. Because of the small
number of households in each of the selected survey
sites described earlier, we conducted a comprehensive
household survey, excluding only those households
that were empty during the survey period. Interviews
were conducted in 140 households, with the house-
hold heads as the respondents. The final number of
questionnaires found to be satisfactorily completed
was 131, of which 95 were completed by migrants
and 36 by native residents. Although the survey
sample is small, because the natural resources of the
resettlement area and the socioeconomic conditions
are highly similar in Guangxi, this survey well repre-
sents the general situation of the Guangxi resettlement
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area. The questionnaire was divided into three parts:
(1) basic characteristics of respondents, including
individual age, gender, education level, and current
occupation; (2) information related to EF accounts,
including resource-related account information (e.g.
crop production and the quantity of livestock owned),
carbon footprint account information (besides fossil
fuel consumption amount), and biomass fuel con-
sumption amounts; (3) land use/land cover change
information.

3.2 Methods
3.2.1 Ecological footprint of production (EFp)

Following the approach developed by Borucke
et al. (2013), we calculated EFp by summarizing the
footprints of renewable resources, carbon uptake land,
and built-up land. Footprints of renewable resources
estimated the area of bioproductive land occupied by
humanity (e.g. cropland, grazing land, forest land, and
fishing ground). Carbon uptake land is the only land
use type for which biocapacity (BC) is currently not
explicitly defined. Carbon uptake land is assumed to
be forest land associated with biomass and fossil fuel
use. The built-up land footprint is calculated based on
the area of land covered by human settlements and
infrastructure. EFp can be calculated based on the
following equation (Borucke et al., 2013):

EFp=Y P/Y, -YF, -EQF =Y P/Y, -EQF, (1)

where P; is the amount of each primary product i that
is harvested (or carbon dioxide emitted) in the nation;
Yy, is the annual national average yield for the pro-
duction of commodity j (or its carbon uptake capacity
in cases where P is CO,); YFy; is the country-specific
yield factor for the production of each product j; Yy;
is the average world yield for commodity j; EQF; is
the equivalence factor for the land use type producing
product i.

To ensure the continuity of EFp across different
years and the comparability between our results and
findings in the relevant literature, we obtained the
constant factors of Yn; YFn, and EQF; from the
calculations of Xie et al. (2001) and the National
Footprint Accounts (NFA) (Lin et al., 2016).

3.2.2 Quantifying biocapacity

BC refers to the total biologically productive
land in the study area under given environmental and
socioeconomic conditions and was calculated by

BC=3 4, YR, -EQE, 2)

where Ay is the bioproductive area that is available
for the production of each product j at the country
level, YFy; is the country-specific yield factor for the
land producing products j, and EQF; is the equiva-
lence factor for each land type producing each prod-
uct i.

3.2.3 Measuring ecological reserve/deficit

After subtracting BC from EF, a positive dif-
ference is called an ecological deficit (ED) and indi-
cates that the per-capita natural resource use exceeds
the BC in the area, whereas a negative difference is
called an ecological reserve (ER) and indicates that
per-capita resource use is within the allowable range
below the BC. This difference reflects the ecological
pressure in the research area and can be calculated
using the following equations:

ED = EF — BC (EF > BC), 3)
ER = BC - EF (BC > EF). “)

3.2.4 Driver analysis methods

Ehrlich and Holdrens (1971) proposed the clas-
sical IPAT model, which describes the effects of so-
cioeconomic driving factors, such as population (P),
affluence (4), and technology (7), on environmental
pressure (/) to indicate the relationship between
economic growth and natural resource environments.
However, the IPAT model has some limitations, e.g. it
can only examine a limited number of variables and
can only determine the proportional impact of inde-
pendent variables on dependent variables (Yuan et al.,
2013). To overcome these shortcomings, York et al.
(2002) proposed the STIRPAT model based on the
traditional IPAT model. The STIRPAT model can add
social and other controlling factors as variables into
the analysis of environmental impact, but these
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variables must be conceptually consistent with the
form established in Eq. (5). Because of its satisfactory
performance in analyzing the environmental impacts
of human factors, this model has been widely applied.
In the current study, the EF was used as an indicator of
environmental pressure. To explore the effect of the
socioeconomic activities of rural households on the
per-capita EF in eco-migrant resettlement areas, with
a consideration of the availability of research data,
population (P), affluence (4), consumption modes (C),
and livelihood (L) were used as explanatory variables
to establish the STIRPAT model, as shown in the
equation below:

I=qP"A"C" "¢, 5)

where [ represents the EFp; o is the model constant;
a1, 0a, 03, and a4 represent the changes in the expo-
nential term caused by P, 4, C, and L, respectively; &
is a random error term. To reduce heteroscedasticity
among the variables, both sides of the expanded
model are logarithmized.

4 Results and discussion
4.1 Changes in per-capita EFp

Because migration policies were implemented in
the research area mostly during 1997-1998, the EFp
per capita in the resettlement area at one pre-
migration time point, 1995, and two post-migration
time points, 2005 and 2014, were determined (Fig. 1)
to investigate the ecological environmental impact of
livelihood-related behaviors of rural households be-
fore and after migration.

4.1.1 Early stage (1995-2005)

In the early stage of implementing migration
policies (1995-2005), the per-capita EFp of migrants,
natives, and residents as a whole all showed an in-
creasing trend but varied in the degree of increase.
The per-capita EFp of the natives increased rapidly,
reaching 3.82 gha in 2005, which is considerably
higher than the average level of the migrants in the
same period and exceeds the global per-capita EFp
threshold of 2.6 hm? (Lin et al., 2016).

As for the component composition of the per-
capita EFp, cropland and forest land were the major
components of the per-capita EFp of rural households
in Jinqiao Village, together accounting for more than
80% of the total per-capita EFp of different produc-
tive land use types. The contributions of different
productive land use types to the per-capita EFp of
migrants, natives, and residents as a whole, were
ordered as cropland > forest land > carbon uptake
land > grazing land > built-up land.

With the increase of living standards and the
requirements of living conditions, the per-capita EFp
of built-up land for migrants, natives, and residents as
a whole all showed an increasing trend. Because of
differences in income, consumption, and ownership
of land resources, the component EFp of natives was
generally higher than that of migrants.

4.00 1
O Cropland m Forestland

O Crazing land Built-up land
B Carbon uptake land @ Total

3.00 1

Per-capital EFp (gha)

1995/ 2005|2014 1995| 2005| 2014| 1995| 2005/ 2014

Residents as a
whole

Natives

Migrants

Fig. 1 Per-capita EFp of rural households

4.1.2 Middle and late stages (2005-2014)

In the middle and late stages of migration policy
implementation (2005-2014), the per-capita EFp of
migrants, natives, and residents as a whole constantly
grew. Between 2005 and 2014, the per-capita EFp of
Jinqiao Village residents as a whole increased by
0.56 gha, whereas that of the migrants and natives
increased by 0.36 gha and 1.30 gha, respectively.
Compared to the early stage of migration policy im-
plementation, the overall growth rate increased rap-
idly in this period.

With the increase of off-village employment and
the large-scale expansion of economic plant forests
promoted by the “Conversion of Farmland to Forest



246 Hu et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 2018 19(3):240-254

Program” (CFFP), the per-capita EFp of cropland
showed a decreasing trend and that of forest land
maintained an increasing trend for migrants, natives,
and residents as a whole. The per-capita EFp of
cropland for residents as a whole, migrants, and na-
tives decreased by 0.41 gha, 0.36 gha, and 0.51 gha,
respectively, whereas the per-capita EFp of forest
land increased by 0.96 gha, 0.71 gha, and 1.83 gha,
respectively.

The per-capita EFp of built-up land showed an
increasing trend during this stage, whereas the
per-capita EFp of carbon uptake land remained gen-
erally stable. With the exception of grazing land, the
component per-capita EFp of the natives exceeded the
corresponding values for migrants and residents as a
whole.

From the perspective of the component compo-
sition of the per-capita EFp, cropland and forest land
remained the key components of the per-capita EFp
for rural households. However, the per-capita EFp
values of different productive land use types of mi-
grants, natives, and residents as a whole, experienced
certain changes, in descending order: forest land >
cropland > carbon uptake land > built-up land >
grazing land.

In general, during the past 20 years of eco-
migration policy implementation, the per-capita EFp
of Jinqiao Village residents as a whole, migrants, and
natives, all showed an increasing trend. The direct
cause is a significant change in the per-capita forest
footprint; the root causes are: (1) changes in the
structure of land use and (2) changes in the intensity
of land use. In the early period of implementation of
immigration policy, the land of the farming household
in the study area was used mainly as farmland. In the
later period, under the guidance of returning farmland
to forest and the land reclamation policy, there was a
gradual increase in the proportion of the forest area,
and especially the fast-growing forest area, leading to
an increase in wood, fruits, and other forest products.
In the early stage of the implementation of immigra-
tion policy, only a few farmers were willing to in-
crease manpower and economic investment in land
(fertilizers, pesticides, etc.). However, in the later
period, it was discovered through research that almost
all farming households increased the use of chemical

fertilizers and pesticides, and increased the frequency
of mechanized farming to increase production. Some
households used more fertilizers and pesticides in the
woodland than in the farmland. The households act-
ing as “economic man” are the main sector of eco-
nomic activity, and their microeconomic behaviors
are the key factors affecting the ecological environ-
ment. In the middle and late periods of the imple-
mentation of immigration policy, there was a signif-
icant improvement in the level of consumption in the
households of the study area compared with the initial
stage. Therefore, farmers’ demands for an ecological
environment were increasing.

Among different types of productive land use,
the per-capita EFp of grazing land and fossil energy
land remained generally stable, whereas that of
built-up land, woodland, and cropland experienced
great changes. The per-capita EFp of built-up land
and forest land showed a constantly increasing trend
and that of cropland experienced a general trend of
first increasing and then decreasing. In the middle and
late stages of migration policy implementation, the
contributions of different productive land use types to
the per-capita EFp of migrants, natives, and residents
as a whole were in the order of forest land >
cropland > carbon uptake land > built-up land >
grazing land, differing from the original order of
cropland > forest land > carbon uptake land > grazing
land > built-up land, at the early stage. This indicates
the beginning of the impact of migration policies on
the composition of the per-capita EFp among rural
households.

4.2 Changes in per-capita BC
4.2.1 Early stage (1995-2005)

In the first 10 years of migration policy imple-
mentation, for the population of Jinqiao Village as a
whole and the natives, the per-capita BC decreased by
35.53% and 31.20%, respectively. The overall per-
capita BC for Jingiao Village decreased from
1.25 gha in 1995 to 0.80 gha in 2005. For natives, this
figure decreased from 1.25 gha in 1995 to 0.86 gha in
2005 (Fig. 2).

The implementation of migration projects di-
rectly resulted in a change in the composition of
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Jingiao Village’s per-capita BC. The contributions of
each land use type to per-capita BC were, in de-
scending order, forest land > cropland in 1995, which
later changed to an order of cropland > forest land by
2005. The per-capita BC compositional structure was
consistent for migrants, natives, and Jingiao Village
as a whole in 2005.

Built-up land

1.50 4 B Grazing land
125 - Ed Cropland
& M Forestland
=) .
= 1.00 W Total
[a1]
s 0.75
g
? 0.50 A
1)
o

0.25 A

0.00 A

Residents as a Migrants Natives
whole

Fig. 2 Per-capita BC of rural households

Cropland gradually became the most important
contributor to per-capita BC for rural households
in Jingiao Village. In the context of wasteland
reclamation and immigrant resettlement, the per-
capita BC of cropland for Jingiao Village as a whole
and natives increased by 24.39% and 39.02%, re-
spectively. Because of drastic increases in population
and demand for wood fuel caused by massive im-
migration, the per-capita BC of forest land and
grazing land in the studied immigration area showed
a rapid decline, decreasing by 66.67% and 76.92%,
respectively.

4.2.2 Middle and late stages (2005-2014)

In the middle and late stages of migration policy
implementation (2005-2014), the per-capita BC for
residents as a whole and migrants mostly remained
stable. However, the per-capita BC for natives in-
creased from 0.86 gha to 0.91 gha, which was caused
mainly by the increase in the per-capita BC of forest
land.

The compositional structures of per-capita BC
for Jinqiao Village as a whole and for the migrants

showed similar change trends, and the contribution of
each land use type was in a descending order of
cropland > forest land > grazing land > built-up land.
Cropland was still the most important component of
the per-capita BC, whereas the contribution of forest
land increased considerably. For the natives, the con-
tribution of each land use type to the per-capita BC
was in a descending order of forest land > cropland >
grazing land > built-up land, with forest land con-
tributing more than cropland, becoming the major
component in the BC composition.

With the increase of off-village employment and
the large-scale expansion of economic plant forests
promoted by the “CFFP”, the per-capita BC of
cropland showed a significant decline and that of
forest land increased. The per-capita BC of forest land
for the village residents as a whole, migrants, and
natives increased by 48.39%, 38.84%, and 61.72%,
respectively.

In general, from 1995-2014, the per-capita BC
for Jingiao Village decreased rapidly in the early
migration period (1995-2005) and declined at an
abated rate in the middle and late stages (2005-2014).
The compositional structure of per-capita BC for the
village as a whole, migrants, and natives changed
drastically before and after implementation of migra-
tion policies. The contribution of forest land to the
per-capita BC was higher than that of cropland in
1995. However, an opposite trend was observed in
2005, with the contribution of cropland being higher
than that of forest land. In 2014, this order changed to
cropland > forest land for the village as a whole and
migrants and to forest land > cropland for the natives.
In 1995, forest land was the dominant contributor to
the per-capita BC, accounting for approximately 50%.
After 2005, cropland gradually became the most
important contributor. By 2014, the total contribu-
tions of cropland and forest land exceeded 75% of the
per-capita BC. The contribution of forest land in the
per-capita BC showed a decline in the early stage and
an increase in the middle and late stages of migration
policy implementation. Because of unequal land al-
location, the per-capita BC and each of its compo-
nents for migrants were lower than the corresponding
values for the natives.
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4.3 Changes in per-capita ecological reserve/
deficit

Prior to the implementation of migration policies
(1995), the ecological environment in Jingiao Village
had an ecological deficit of 0.52 gha. The ecological
deficits for cropland, carbon uptake land, and forest
land were, at per-capita deficit levels, 0.39 gha,
0.26 gha, and 0.12 gha, respectively. Grazing land
and built-up land did not have deficits (Fig. 3).

Residents as a
whole Migrants

1995|2005‘2014 1995‘2005‘ 2014 1995‘2005‘ 2014

Natives

1.00 -
0.00 e

-1.00 4

B Cropland Carbon uptake land

2 Grazing land
E Total

-2.00 1 Forest land

B Built-up land

Per-capital ecological reserve/deficit (gha)

-3.00 -

Fig. 3 Changes of per-capita ecological reserve/deficit for
rural households

Massive immigration significantly deteriorated
the ecological deficit of Jingiao Village. In 2005, the
per-capita ecological deficit of Jinqiao Village reached
—0.96 gha. Compared to the pre-migration levels, the
ecological deficit of forest land decreased sharply; the
ecological reserve of grazing land decreased to eco-
logical deficit; the ecological deficits of cropland,
carbon uptake land, and built-up land remained
mostly unchanged. In 2005, for migrants, the overall
per-capita ecological deficit reached —0.73 gha; the
ecological reserves of grazing land and built-up land
were 0.01 gha and 0.05 gha, respectively; the eco-
logical deficits of cropland and forest land were
0.33 gha and 0.18 gha, respectively. The natives had
the most severe ecological deficit, with a per-capita
ecological deficit of 1.65 gha. In particular, the deficit
of forest land reached 0.93 gha and that of cropland
continued to worsen, increasing to 0.45 gha. The
ecological reserves of grazing land and built-up land
also decreased by 0.14 gha and 0.08 gha, respectively.

By 2014, the per-capita ecological deficits of
Jingiao Village as a whole, migrants, and natives
continued to increase, reaching —1.54 gha, —1.12 gha,
and —2.91 gha, respectively. The implementation of
the CFFP led to a rapid increase of the EFp of forest
land, further worsening the per-capita ecological
deficit of woodland. The per-capita forest land eco-
logical deficits of Jinqiao Village as a whole, migrants,
and natives reached —1.15 gha, —0.77 gha, and
—2.43 gha, respectively. For cropland, compared to
the situation in 2005, the per-capita ecological deficit
was abated, as evidenced by the data showing that the
per-capita deficits decreased by 0.22 gha, 0.22 gha,
and 0.25 gha for Jingiao Village as a whole, migrants,
and natives, respectively.

Overall, the ecological environmental pressure
increased constantly with the resettlement of a mas-
sive number of immigrants in the research area, as
indicated by the fact that the per-capita ecological
deficit increased from —0.52 gha and turned into a
deficit of —1.54 gha. The per-capita ecological deficit
for cropland demonstrated a trend that first increased
and then decreased, whereas the per-capita deficit of
forest land constantly increased. The surpluses of
grazing land and built-up land rapidly declined in
1995-2005, slowly declined in 2005-2014, and are
currently at a surplus threshold level. Despite the
greater per-capita BC for natives than for migrants,
the excessively higher per-capita EFp of natives di-
rectly resulted in a per-capita ecological deficit more
severe than that of migrants.

4.4 Analysis of influential factors
4.4.1 Selection of variables

Based on the reasoning behind the STIRPAT
model, the influential factors of environmental pres-
sure include population, economic activity, technol-
ogy, political and economic regulations, attitude, and
religion (Waggoner and Ausubel, 2002; Xu et al.,
2005). Related studies have concluded that con-
sumption modes and means of livelihood can be used
to characterize economic activity, and social assets
can be used to characterize political and economic
regulations, attitudes, and religions (Zhao et al., 2012).
Combined with the above conclusions, the EF of rural
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households was used to measure environmental
pressure in this study. In addition, population, afflu-
ence, consumption modes, and means of livelihood
were used as explanatory variables to establish a
STIRPAT model. Family size was selected to repre-
sent the population factor. Per-capita agricultural
income, per-capita nonagricultural income, and
per-capita cropland area were selected to represent the
affluence factor. Per-capita consumption levels and

the household Engel coefficient were used to repre-

sent the consumption level and consumption structure.

The proportion of household labor engaged in non-
farm activities represented the means of livelihood of
a household. The causes of ecological environmental
pressure generated by rural households were analyzed
to seek countermeasures for sustainable development
of different types of rural household. Descriptions of
various indicators are presented in Table 1.

4.4.2 Causes of ecological environmental impact of
rural households

Using the STIRPAT model to analyze the
mechanisms of environmental pressures exerted by
rural households, we calculated the F-statistic of the
model as 17.18 and the degree of fit was 0.65 for
Jingiao Village as a whole, the F-statistic for the mi-
grants was 14.31 and the degree of fit was 0.70, and
the F-statistic for the natives was 8.53, with the de-
gree of fit as 0.82 (Table 2). The equations of all three
models had a satisfactory fit.

In terms of consumption-related factors, the
nonstandardized coefficients for the family sizes of
Jingiao Village as a whole, as well as migrants and
natives were 0.73, 0.97, and 0.14, respectively. This
indicates that the larger the family size was, the more
severe the environmental degradation was. Pretty and

Table 1 Indicators used for analysis of per-capita EF (influential factors)

Indicator

Metric description

Family size, FS (person)
Per-capita agricultural income, PCAI

Number of people permanently living in a rural household
Mainly includes income sources such as crops and economic plants, poultry

(CNY/year) and livestock, and forestry

Per-capita nonagricultural income, Mainly includes income sources such as off-village employment, nonagri-
PCNAI (CNY/year) cultural business, and government stipends

Per-capita cropland area, PCALA Area of cropland possessed by a rural household per family member
(hm?/year)

Per-capita consumption, PCC Reflects the living consumption level of rural households
(CNY/year)

Household Engel coefficient, HEC (%)
Proportion of nonagricultural

employment, PNAE (%) a household

Proportion of a rural household’s expenditure for food
Proportion of family members employed in secondary or tertiary industries in

Table 2 Mechanisms of environmental pressures exerted by rural households

Jingiao Village as a whole Migrants Natives

Indicator Nonstandardized Nonstandardized Nonstandardized
coefficient T-test value coefficient T-test value coefficient T-test value
Constant term -6.98 —-6.44"" -5.72 -5.17" -8.12 -1.57"
FS 0.73 3.65" 0.97 4.82" 0.14 0.20
PCAI 0.01 0.29 0.01 031 021 1.65
PCNAI -0.01 -0.02 -0.06 -0.70 -0.10 -1.00
PCALA 0.17 2317 0.22 3.12™ 0.04 -0.14
PCC 0.84 8.34™" 0.70 7.26™ 1.37 3.13™
HEC -0.15 -1.38 -0.18 -1.53" -0.07 -0.23
PNAE -0.04 -0.36 -0.02 -0.17 -0.03 -0.15
R 0.65 0.70 0.82
F-statistic 17.18 1431 8.53

" significance level of 0.1; ** significance level of 0.05; *" significance level of 0.01
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Ward (2001), Xu et al. (2005), and Long et al. (2006)
pointed out that population is the main factor driving
change in EF. Zhao et al. (2012) revealed a positive
correlation between family size and environmental
pressure. This correlation can be attributed to the fact
that larger populations result in a greater demand for
land use and a greater consumption of goods, thus
causing an increase of ecological pressure. In the
research area of this study, large-scale migrant reset-
tlement was the major factor causing continued dete-
rioration of the ecological environment in Jingiao
Village. Population control and reasonable estimation
of suitable population-carrying capacities of reset-
tlement zones might be effective approaches to alle-
viate environmental pressure and maintain sustaina-
ble development of immigration areas.

From the perspective of the affluence factor,
per-capita agricultural income and cropland resource
possession both showed a positive correlation with
environmental pressure, whereas nonagricultural
income had a negative correlation with environ-
mental pressure. These results can be explained from
two aspects. On the one hand, if rural household
income mainly comes from agriculture activities, the
increase of household income would indicate an
increased rate of land use and reclamation, which
results in increased intensity of land use and inevi-
tably increases the pressure on the ecological envi-
ronment. On the other hand, nonagricultural income
reduces the dependence of rural households on the
land and decreases land use and reclamation rate.
Thus, an increase of nonagricultural income would
impede the growth of EF. The per-capita cropland
deficits for Jinqiao Village as a whole, as well as for
migrants and natives, showed a remarkable increase
because of large-scale land reclamation in the early
stages of migration policy implementation (1995—
2005). In the middle and late stages, the livelihood
means of rural families changed, and an increasing
number of residents chose to leave the village for
work, instead of farming on their own land. In addi-
tion, with the implementation of CFFP in China,
farmers chose to give up a portion of their sloped
farmland to receive more state subsidies, leading to a
decrease of cropland and a constant increase of forest
land in the research area. This directly resulted in the

reduction of the per-capita EF for cropland and an
increase for forest land correspondingly. In addition,
the per-capita ecological deficit of cropland changed
from an increasing trend to a decreasing trend,
whereas the per-capita forest land deficit constantly
increased.

In terms of consumption-related factors, for each
unit of increase in per-capita consumption, the per-
capita EF of the Jinqiao Village residents as a whole,
migrants, and natives increased by 0.84, 0.70, and
1.37, respectively, and the results are statistically
significant. Per-capita consumption is an important
influential factor of the per-capita EF. An increase in
per-capita consumption indicates increased demands
for food, residence, and travel, along with greater
consumption and pollutant emission. The increased
per-capita household consumption has generated the
greatest pressure and challenge in sustainable family
development. Our survey data showed that in 2014,
natives’ per-capita consumption level was 1.75 times
that of migrants, which might be the primary reason
for the overall higher EF of natives. The Engel coef-
ficients for Jingiao Village as a whole, migrants, and
natives all showed a statistically significant negative
correlation with environmental pressure. The Engel
coefficient represents the structure of household
consumption; the smaller the coefficient, the smaller
the proportion of income spent on food. The change in
the consumption structure of residents also contrib-
uted to a greater pressure on the environment.

From the perspective of means of livelihood, the
environmental pressure decreased by 0.04, 0.02, and
0.03 units, respectively, with every 1-unit increase in
the proportion of family members engaged in nonag-
ricultural employment for Jinqiao Village as a whole,
migrants, and natives. This indicates that the diversi-
fied nonagricultural means of livelihood of rural
households not only reduced the fragility of liveli-
hood and reduced the threat posed by natural disasters,
but also allowed rural residents to search for living
consumption modes that were more suitable, thus
increasing their responsiveness to ecological envi-
ronmental changes and effectively reducing the en-
vironmental pressure (Shackleton et al., 2007). Yan et
al. (2006) and Hao et al. (2015) stated that means of
livelihood is a key factor affecting the ecological
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environment. Increasing nonagricultural employment
opportunities can relieve the environmental impact.
In Jingiao Village, with the development of the eco-
nomic market in China, rural residents have more
opportunities to work outside the village, directly
reducing their degree of dependence on land re-
sources and reducing the impact of the increasing
population on the local environment. Therefore,
changing the means of livelihood is an effective way
to avoid the high ecological environmental pressure
that might be exerted by the uniform agricultural
means of livelihood.

5 Conclusions

Using the survey data of the three naturally
formed resident groups, Jinqiao Village residents as a
whole, migrants, and natives, in the research area, a
production-based EF model was applied in this study
to measure the per-capita EF, per-capita BC, and
per-capita ecological reserve/deficit values in 1995,
2005, and 2014. In addition, quantitative analyses of
the EF, BC, and ecological reserve/deficits were
conducted for each type of biologically productive
land. The results show that in the past 20 years of
eco-migration policy implementation, regardless of
whether referring to Jinqiao Village as a whole, mi-
grants, or natives, the EF constantly increased, BC
decreased, and the ecological environmental pressure
increased. These findings indicate that large-scale
migration exerted a negative impact on the local
ecological environment.

Among different types of biologically produc-
tive land, cropland and forest land are the most im-
portant components of per-capita EF, together ac-
counting for more than 80% of the total per-capita EF.
In the last 20 years of migration policy implementa-
tion, the per-capita EF, per-capita BC, and per-capita
ecological deficit of cropland demonstrated basic
trends of increase, at first, followed by decrease. For
forest land, the per-capita EF and per-capita ecolog-
ical deficit constantly increased, whereas the per-
capita BC first decreased and then increased. The
per-capita EF for grazing land remained relatively
stable, but the constant decrease in per-capita BC

resulted in the ecological reserve of grazing land
currently reaching its threshold. The per-capita EF of
built-up land constantly increased, but a constant
decline in BC resulted in the ecological reserve of
built-up land currently being at its threshold level.
Since the implementation of migration policies, the
compositional structures of the per-capita EF and the
per-capita BC of Jinqiao Village residents as a whole,
migrants, and natives, have changed drastically. The
contribution of each land use type to the per-capita EF
changed from an order of cropland > forest land >
fossil fuel land > grazing land > built-up land to an
order of forest land > cropland > fossil fuel land >
built-up land > grazing land. Because of unequal
allocation of biologically productive land resources,
the overall per-capita EF, overall per-capita BC,
overall per-capita ecological deficit, and the EF
components of migrants were lower than those of the
natives, indicating that the per-capita ecological def-
icit of natives is more severe than that of migrants.

The major factors resulting in increased eco-
logical environmental pressure were: expanded pop-
ulation, due to large-scale migration; increased graz-
ing land reclamation for the purpose of increasing
agricultural income and cropland area; increased
consumption demand. The increases of nonagricul-
tural income and nonagricultural employment and the
optimization of consumption structure can reduce the
dependency of rural residents on the land, thus im-
peding EF growth and effectively relieving ecological
environmental pressure. Thus, policy makers and
implementers can relieve the environmental pressure
caused by eco-migration through population control
strategies and reasonable estimation of population
carrying capacities of resettlement areas. Meanwhile,
promoting change of the means of livelihood of rural
residents from uniform agricultural means to nonag-
ricultural means can prevent the high ecological en-
vironmental pressure exerted by the uniform agri-
cultural means.
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