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ARTICLE INFO ABSTRACT

China’s Conversion of Cropland to Forest Program (CCFP) is one of the world’s largest Payments for Ecosystem
Services (PES) programs. Its socioeconomic-ecological effects are of great interest to both scholars and policy-
makers. However, little is known about how the socioeconomic-ecological outcomes of CCFP differ across
geographic regions. This study integrates household survey data, satellite imagery, and statistical models to
examine labor migration and forest dynamics under CCFP. The investigation is carried out at two mountainous
sites with distinct biophysical and socioeconomic conditions, one in a subtropical mountainous region (Anhui)
and the other in the semi-arid Loess Plateau (Shanxi). We found divergent CCFP outcomes on migration be-
havior, stimulating both local- and distant-migration in the Anhui site while discouraging distant-migration in
the Shanxi site, after controlling for factors at the individual, household, community and regional levels. Forest
recovery is positively associated with distant-migration in Anhui but with local-migration in Shanxi. Contextual
factors interact with demographic-socioeconomic factors to influence household livelihoods in both areas,
leading to various socio-ecological pathways from CCFP participation to enhanced forest sustainability. Regional
differences should therefore be taken into account in the design of future large-scale PES programs.
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1. Introduction

Human activities have greatly altered the Earth’s land surface, re-
sulting in vast ecosystem degradation (DeFries et al., 2004). This de-
gradation is further exacerbated by numerous other unintended human-
induced global environmental changes, including climate change and
biodiversity loss, as well as natural hazards with increasing frequency
and intensity (Kotiaho et al., 2016; Nagelkerken and Connell, 2015).
The persistence of these adverse global environmental changes jeo-
pardizes the continuous provision of vital ecosystem services upon
which human welfare depends (Bennett et al., 2015). To safeguard the

sustainability of these ecosystem services, Payments for Ecosystem
Services (PES) programs have been designed and increasingly in-
corporated into environmental policies (Chen et al., 2020; CIFOR,
2005; Schirpke et al., 2018; Wunder et al., 2018). The well-known
Reduce Emissions from Deforestation and Forest Degradation (REDD +)
is one such program that aims to prevent carbon emissions from forests
by providing financial incentives to forest-dependent peoples for forest
conservation (Mahanty et al., 2013). In most cases, payments are made
to smallholders in low-income countries to stimulate changes in their
socioeconomic activities to strengthen or at least secure the ecosystem
services (Milder et al., 2010).
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In the late 1990 s, China adopted new forest policies (Zhang et al.,
2000) in which PES was an important tool for environmental con-
servation and restoration following a long history of overexploitation of
natural resources (Fang et al., 2018). The new forest policy helped
stimulate a forest transition in China (Meyfroidt et al., 2010), with
significantly increased forest cover nationwide (FAO, 2015, 2010). As a
result, China’s ecological restoration projects accounted for 56% of the
country’s total contribution to a carbon sink during 2001-2010 (Lu
et al., 2018). Under the new forest policies, the world’s largest PES
program, the Conversion of Cropland to Forest Program’ (CCFP), was
implemented in 25 of the 31 provinces, municipalities and autonomous
regions in China starting in 2000. The CCFP can be viewed as a public
PES program, as the Chinese central government compensated farmers
for converting their ecologically vulnerable croplands to forests
(Bennett et al., 2014). The program targets mountainous low-income
areas where soil erosion is often serious, with a secondary goal of rural
poverty alleviation (Gutiérrez Rodriguez et al., 2016). Up to 2016, the
program had invested a total of $45 billion to “retire” and afforest 30
million ha of farmland and degraded land, affecting about 17% of
China’s rural population (Zhang and Putzel, 2016).

Although the CCFP has been shown to improve the natural en-
vironment in China, it is facing many socioeconomic challenges (Wu
et al., 2019a). By providing financial compensation, the CCFP seeks to
stimulate a transformation of rural livelihoods in a sustainable way, so
the smallholders would be less dependent on natural resources (Jack
et al., 2008). In particular, the CCFP affects household labor allocation
because less labor is needed on the farm after marginal cropland is
retired (Yao et al., 2010; Yost et al., 2020), so the released labor is
available for other income generation activities. Meanwhile, CCFP
payment partly compensates for the opportunity cost of income fore-
gone from the retired cropland, providing small financial resources for
participating households to use for consumption or to diversify eco-
nomic activities and sources of income. Since CCFP-participants con-
tinue to have full usufruct rights to the growing trees planted on their
former cropland parcels (and the land as well), they will be able to
reconvert the recently reforested land back to cultivation if and when
government compensation ceases. If CCFP forest were to be reconverted
back to cropland, the ecosystem services of soil and water conservation
provided by the forests would be lost (Song et al., 2014). Therefore,
policy-makers hope participating households seek and maintain alter-
native livelihoods during the years of compensation so that the provi-
sion of ecosystem services will continue after compensation ends.

Labor out-migration is an essential livelihood strategy in addition to
farm work in rural China (Liang, 2016) as well as in most other de-
veloping countries (Anderson and Leiserson, 1980; Garcia-Barrios et al.,
2009). Out-migration of farm labor is even more prominent in moun-
tainous regions where croplands were extensively enrolled in the CCFP
(Treacy et al., 2018). Households sending out-migrants often expect to
receive remittances in return as a source of income (Barbieri et al.,
2009; Stark and Bloom, 1985). Migrants usually send back more income
(Song et al., 2014) than would have produced working on their crop-
land (Rimal et al., 2019). Meanwhile, the out-flow of farm labor is
likely to further affect how the households use their remaining land and
forests (Radel et al., 2019). Liu et al. (2016) found a nonlinear re-
lationship between rural-to-urban migration and farmland use intensity
on cultivated land based on data from five mountain cities in China.
Oldekop et al. (2018) detected forest recovery during 2000-2010 in

1 We prefer “Conversion of Cropland to Forest” to “Grain-for-Green” or
“Sloping Land Conversion”, although the latter two are also commonly used.
First, the government compensated participants with in-kind support (e.g.,
grains) only in the very beginning of program implementation, but all forms of
support were soon replaced by cash to minimize transaction costs. Second, in
some regions, the program targeted not only sloping lands but also other lands
at high risk of soil erosion.

Ecosystem Services 45 (2020) 101167

Nepal and explained the transition as driven by demographic changes,
emphasizing an unneglectable effect of labor out-migration on im-
proving ecosystem dynamics. Ervin et al. (2020) also demonstrated the
important role of migration in forest change, although the patterns
varied across biomes. In sum, labor out-migration from rural house-
holds may significantly influence socio-environmental dynamics, in-
cluding forest ecosystem restoration and overall rural socioeconomic
development.

Previous studies have found strong but complex associations be-
tween environmental changes and demographic dynamics (Call et al.,
2017; Carr, 2009; Oldekop et al., 2018). Investigators have also ob-
served linkages between the CCFP and labor migration in rural China,
which can complicate the assessment of long-term socioeconomic
consequences. Evidence from previous studies found that the CCFP may
have positive influences on non-agricultural livelihood strategies in
some regions, particularly on out-migration often resulting in sig-
nificant increases in income due to remittances (Lin and Yao, 2014; Wu
et al., 2019b). The initial effects of the CCFP include less restrictions on
liquidity from the income at the end of the year (Uchida et al., 2009)
and idle farm labor, which result in a labor transfer from farm to
nonfarm activities (Kelly and Huo, 2013). These changes may be ac-
companied by other socioeconomic changes, such as an increase in
household livelihood resilience (Li and Zander, 2020) and increase in
income inequality in the community (Liu et al., 2014). In other regions,
however, mixed results and unintended feedbacks have been observed
(Komarek et al., 2014; Liang et al., 2012; Wang and Maclaren, 2012;
Xie et al., 2018). The study by Li et al. (2011) indicated that in western
regions the CCFP might not be as effective in stimulating a shift in farm
labor to non-farm employment. In addition, Chen et al. (2019) reported
an increase in crop raiding by wildlife due to forest recovery resulting
from PES programs, which was regarded as a negative feedback to rural
livelihoods. The main reason for such a diversity of outcomes is that the
CCFP-livelihood relationship is often complex and perhaps context-
dependent, leading to multiple social-ecological pathways towards
forest sustainability across geographic regions (Radel et al., 2019; Zinda
and Zhang, 2019). Song et al. (2014) compared rural livelihoods under
the CCFP in three sites, finding that people’s perceptions of the program
depend on the local contexts; but their comparison was primarily de-
scriptive without systematic quantification of the factors contributing
to the differences. To the best of our knowledge, no research has sys-
tematically examined what role regional differences play, if any, in the
socioeconomic and ecological performances of the CCFP. There is also a
paucity of understanding of labor out-migration (a socioeconomic
process) and subsequent forest dynamics (an environmental process)
that has addressed differences across regions.

To fill the aforementioned knowledge gaps, this study investigates
whether and how regional differences affect the socioeconomic and
ecological outcomes of PES using the case of the CCFP in China. This
study covers two contrasting geographic sites, one in the subtropical
mountainous region and the other in the semi-arid Loess Plateau of
China. As the CCFP has concluded the first round of payments and
nearly initiated to the second phase at the time of our data collection
(Delang, 2019), it is useful to evaluate its performances in terms of both
forest restoration and changing livelihood strategies, especially labor
out-migration as the latter is often a central component of household
livelihood strategies with long-term implications for origin area forest
ecosystem rehabilitation. This research integrates household survey
data on the ground with remote sensing data from satellites to address
the following question: Do contrasting contextual conditions in dif-
ferent geographic regions results in different outcomes on labor mi-
gration and associated forest regeneration under the CCFP? Specific
objectives include 1) statistically comparing and modeling migration
decisions using multilevel perspectives in both areas, explicitly ac-
counting for regional differences, 2) examining the associations be-
tween labor migration and forest dynamics, and 3) exploring social-
ecological pathways from PES programs to forest sustainability.
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Fig. 1. Study areas in two geographic regions of China. Notes: One study area covers Jichang and Checheng Townships in Ji County in Shanxi (upper) and the other is
located in Tiantangzhai Township in Anhui (lower), China. The Anhui region has a subtropical monsoon climate with paddy rice being the major crops, while the
Shanxi region is in the semi-arid Loess Plateau where farmers plant primarily dryland crops such as corn and manage apple and walnut orchards.

2. Materials and methods
2.1. Study sites

Our study areas are located in two rural regions in China with dis-
tinct biophysical and socioeconomic conditions (Fig. 1). The first study
sites, Tiantangzhai Township (115°39” E~115°53" E, 31°8’ N~31°17/
N), is located in Jinzhai County of Anhui Province in central China. The
Township is in the Dabie Mountain Range with a subtropical monsoon
climate, which spans a wide geographic ranges in southern China (Han
et al., 2011). Jinzhai County is classified by the national government as
a county in poverty. The mild weather, with a mean annual tempera-
ture of 16.4 °C and a mean annual total precipitation of 1350 mm,
nourishes abundant natural forests consisting of broad-leaf evergreen
and deciduous forests. Its topography is characterized by rough terrain
with elevations of 363 m-1729 m above sea level. Tiantangzhai covers
an area of 189 km?, supporting 4369 households (in 2012) clustered in
165 resident groups (i.e., communities). About a third of the households
live below the poverty line. The area is typical of poor communities in
the mountainous regions of central China. Historically, farmers in the
same resident group used to work together in collective (communal)
farms. With the Household Responsibility System implemented in the
early 1980 s, each household received a lease on land annually from the
central government and began to farm independently (Ma et al., 2015).
Although their original focus was on growing subsistence crops com-
prising rice on paddy fields and corn or wheat on drylands, over time
the farmers have become increasingly engaged in other agricultural and
non-agricultural activities to increase their incomes. These activities
include raising small domestic animals, local off-farm work and out-
migration for better paid employments. Among the migrants, some

moved to nearby places within Jinzhai County, being available to assist
on their origin household farm when needed; others migrated out of the
county to seek better job opportunities, usually in cities, and much less
likely to return or to help with farm work. Since few people move in,
Tiantangzhai is considered as a migrant-sending area.

The second study site encompasses part of two geographically
contiguous townships, Checheng and Jichang (110°34’ E~110°57’ E,
36°3’ N~36°16’ N), located in Ji County, Shanxi Province. The county is
situated in the south of Liilliang Mountain with a semi-arid climate
characteristic of much of northern China. This area is located in the
Loess Plateau with elevation of 830 m to 1820 m above sea level. The
Loess Plateau is a major soil source area in north central China (in-
cluding Shanxi Province), contributing to the sediment from soil ero-
sion that makes the Yellow River “yellow”. It has much less mean an-
nual precipitation (544 mm, or about 35% that of the Anhui site) and a
lower mean annual air temperature (10.2 °C) than the Anhui site. The
total area is 489 km?, with nearly 6,000 households clustered in 95
resident groups. The area is characteristic of the Loess Plateau region,
i.e., resident groups have both larger cropland areas and more house-
holds (30-180) than the Anhui subtropical study site (10-40). Due to
the semi-arid climate, dryland farming is the only type of agriculture,
with corn the major subsistence crop. At the same time, managing apple
and/or walnut orchards is another major farming activity, and cash
from selling the fruits and nuts often accounts for the lion’s share of
agricultural income. Regarding other livelihoods, raising livestock
(mainly cattle and goats) in Shanxi is observed. Some households also
have members engaged in off-farm work and/or former members who
have migrated locally or outside the county, usually to large cities.

The CCFP was put into practice in 2002 in both study sites, with
participating households retiring cropland parcels, typically on slopes,
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Table 1
Comparison of CCFP implementation in the two study sites.
Variable Anhui Shanxi
Percentage of CCFP households in sample 57.3%  49.7%
Proportion of households with ecological forests among 94.5%  50.5%
participants
Mean area of ecological forests (mu) 2.03 5.32
Mean payments for ecological forests (yuan/year) 254 478
Mean income from ecological forests (yuan/year) 0 0
Proportion of households with economic forests among 7.7% 56.6%
participants
Mean area of economic forests (mu) 1.53 4.99
Mean CCFP compensation for economic forests (yuan/year) in 0 0
year of survey
Mean income from economic forests (yuan/year) in year of 0 3228
survey

Notes: Statistics are based on sample of household surveys comprising 410 and
199 households in Anhui and Shanxi, respectively (Section 3.1. Data collec-
tion). Mean incomes from CCFP forests are based on participating households.
Mu is a Chinese traditional land size unit, 1mu = 0.0667 ha.

for restoring forest ecosystem services in return for receiving payments
from the government via a direct deposit to their bank account every
year. The payment duration depends on the type of trees planted on the
retired cropland parcels, with 8 years for ecological trees (e.g., maple
and poplar) and 5 years for economic trees (e.g., walnut) based on the
initial contract. After the initial contract period, almost all households
renewed their contracts for another 8 or 5 years with the renewed
compensation at half of the initial rate. Thus, compensations continued
longer for ecological forests (16 years total) than economic forests
(10 years total). The payment schemes in the two regions were also
different (Chen et al., 2010), with 125 yuan/mu ($229/ha) each year in
Anhui and 90 yuan/mu ($165/ha) each year in Shanxi during the
surveys ($1 = 8.2 yuan in 2002; 1mu = 1/15 ha). As shown in Table 1,
ecological trees (mainly maple, Acer saccharum) prevail over economic
trees in the reforested areas at the Anhui site, so participating house-
holds rarely obtained extra earnings from the CCFP forests. At the
Shanxi site, about half of the cropland was reforested with economic
trees, which brought additional incomes for participants after a few
years of management. The primary species of ecological and economic
CCFP trees in Shanxi were black locust (Robinia pseudoacacia) and
walnut (Juglans regia), respectively. In both study areas, as in other
targeted policy areas in China (Bennett, 2008), technicians from local
governments helped with the implementation of the program. They first
identified land parcels considered eligible (e.g., on sloping lands and
mostly contiguous to each other) for enrollment, and then persuade the
land users to retire those targeted parcels, and assisted the participants
to select tree species for reforestation. The selection of tree types was
based on local geographic and biophysical conditions and land man-
agement practices preferred by farmers to guarantee high tree survival
rates (Bennett et al., 2014).

2.2. Data collection and preprocessing

2.2.1. Household and community surveys and fieldwork

Two equivalent household surveys were carried out during June-
August 2014 in Anhui and July-August 2015 in Shanxi. A comprehen-
sive questionnaire was designed to cover many topics of interest, in-
cluding demographic information, socioeconomic conditions, cropland
use, agricultural and non-agricultural economic activities, and CCFP
participation. University graduate students were recruited and trained
as interviewers for one week, followed by several days of pretesting in
the field. It took about 1.5 hours for a well-trained interviewer to
complete the survey for a typical household.

Due to the relatively low rates of CCFP participation in the study
areas (17% in Anhui and 15% in Shanxi), a stratified disproportionate

Ecosystem Services 45 (2020) 101167

sampling approach (Bilsborrow, 2016; Bilsborrow et al., 1984) was
adopted in each area to oversample CCFP participants in order to
sample approximately equal numbers of households participating in the
CCFP and not participating. A sampling frame was available from the
local forestry stations listing all households in the study area by name of
head, resident group, and whether participating or not in CCFP. Based
on these data, we adopted a two stage disproportionate stratified
random sampling. In the first stage, we over-sampled the resident
groups with CCFP participation. In the second stage, we strived to
sample an equal number of CCFP-participating households and non-
participants as much as possible. In resident groups with fewer parti-
cipants than nonparticipants, we over-sampled the participants, and
vice versa. The resulting data are presented in Tables S1 and S2 with a
detailed description of the sampling design for the Anhui site found in
Song et al. (2018). Similar sampling procedures were used in the Shanxi
site, in Checheng and Jichang. All sample households are associated
with sampling weights.

For each sample household, the household head, or if not available,
another adult household member most knowledgeable about the farm
and other household economic activities, was interviewed. During the
interview, the house location was recorded with a Global Positioning
System (GPS) unit. The final sample sizes with complete data were 481
households in Anhui and 251 households in Shanxi, with CCFP parti-
cipating rates of 56% and 51%, respectively, in the sample. The surveys
provided complete data for 1957 and 948 persons in Anhui and Shanxi,
respectively. Short community surveys were also conducted for sample
resident groups, interviewing a resident group leader to obtain data at
the community level on the presence of paved road, and walking (time)
distance to the nearest primary school and health care facility (clinic or
hospital).

As migration occurs in many forms and is complex to define, it was
crucial to do this clearly, which was done in both the training and in the
questionnaire design for both household surveys (Bilsborrow, 2016;
Bilsborrow et al., 1984). We defined a migrant as a member of the
household who was aged 16-59 at the time of departure when she/he
left (since 2002) to reside somewhere else for at least six consecutive
months and was still living away from the household at the time of the
survey. A distant-migrant (or long-distance migrant) is a migrant who
had been living outside the county of her/his origin household, while a
local-migrant is a migrant living within the county. Non-migrants are
household members aged 16-59 in each year who never lived away
from the household for more than six consecutive months in that year.
Persons who moved away for less than six consecutive months are
considered non-migrants. This involved considerable work in re-con-
stituting the household composition and size according to when people
left as migrants and returned, for each year during the reference period
of 2002 to the survey date. The goal of this household reconstitution
process was to create an appropriate “population at the risk of migra-
tion”, comprising all persons in each year living in the household who
could be considered at the risk of migration, taking persons aged 16-59
as the age range when they could considered as “adults” likely to be
actively involved in the migration decision-making process. To ac-
commodate the local conditions in the two study sites, in this study, the
age range was adjusted to 16-55. Hence, in the following analysis, our
definition of migrants excluded persons aged 0-15 or over 56 living in
the household each year, taking them to be dependent children and the
elderly.

This present study is thus based on subsamples of adult individuals
aged 16-55 (in any year in the interval in which they were of these
ages) who migrated or not after 2002 (the CCFP starting year). The final
samples used comprised 1,732 persons from 609 households (Anhui:
1134 persons from 410 households; Shanxi: 598 persons from 199
households). Based on our clear definitions of migration, in the Anhui
site, there were 90 local-migrants (7.9%) and 496 distant-migrants
(43.7%) among the 1134 individuals (total population of adults 16-55
at risk living in the household in 2014 plus former household members
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who left at ages 16-55 during the reference period of 2003-2014). In
the Shanxi site, among the total of 598 individuals, there were 79 local-
migrants, a higher proportion (13.2%) than in Anhui, while the pro-
portion of distant-migration (numbering 148, and 24.7%) was much
lower than in Anhui (Fig. S1).

2.2.2. Satellite imagery and spatial data preprocessing

Spatial data included satellite images and digital elevation model
(DEM) covering the two areas under study. The Landsat archive offers
spatial data widely used for monitoring land use dynamics (Liu et al.,
2019; Woodcock et al., 2008). Thus, satellite images from Landsat
Operational Land Imager (OLI) and Enhanced Thematic Mapper Plus
(ETM+) sensors were acquired from the United States Geological
Survey, and the surface reflectance products were utilized.> The images
for the Anhui site were captured in the years of 2002 and 2013, while
those for the Shanxi site were in 2002 and 2014. These years reflect
forest status and changes between the time at the CCFP initial im-
plementation and the time immediately before the household surveys.
In addition to the spectral bands, vegetation indices were calculated,
including the Enhanced Vegetation Index (EVI), Normalized Difference
Water Index (NDWI), Normalized Difference Vegetation Index (NDVI),
and Structure Index (SI). DEM was obtained from the shuttle radar
topography mission (Farr et al., 2007). Based on the DEM, biophysical
variables, including elevation, slope, aspect and topographic wetness
index, were computed. Additionally, the elevation of each sample
household was derived by overlaying GPS points with the DEM. De-
tailed information on spatial data and derived indices and their refer-
ences are provided in Tables S3 and S4.

The random forest machine-learning algorithm (Breiman, 2001)
was applied for land cover classification in both study areas. A total of
six classes were originally defined, including developed area, forest,
water, cropland, barren land and grass. Training samples for classifying
the recent images (2013 for Anhui and 2014 for Shanxi) were collected
from both GPS points during fieldwork and visually interpreted points
from high-resolution Google Earth images. All spectral bands and the
aforementioned vegetation or topography indices were included as
feature layers. Due to data unavailability of training samples for his-
torical images, the automatic adaptive signature generalization proce-
dure® (Dannenberg et al., 2016; Gray and Song, 2013), which yields
sufficient stable training samples for time series imagery, was employed
to classify images in 2002. Classification validation found an overall
accuracy of 90% or above for all classified images. Detailed information
of classifying images and detecting changes is provided in Zhang et al.
(2017). The classified maps were then reclassified to forest and non-
forest as the former class is the focus here. Processing and analysis of
satellite images was performed in Google Earth Engine (Gorelick et al.,
2017).

2.3. Statistical methods used in multilevel mixed-effects modeling

Although local governments implemented the CCFP via targeting
land areas and then seeking to persuade households to participate in
both study sites, it is still desirable to statistically assess whether there
is potential bias caused by household self-selection for participation (Li
et al., 2011) when examining policy outcomes. Thus, before modeling
migration behavior, it is first desirable to compare individual and
household characteristics for households enrolling cropland in CCFP
and those not in the two study sites.

To model migration behavior, within one study site, the individual

2Source: https://www.usgs.gov/

3 An updated version for the adaptive signature generalization procedure
algorithm programmed in R can be found at: https://data.mendeley.com/
datasets/s7c3vfr84w/1. See the detailed description in Dannenberg et al.
(2016).
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migration decision (M) (whether a household member aged 16-55
migrates or not) is a function of factors measured at three levels, in-
dividual attributes (I), household characteristics (H), and community
factors (C) (Bilsborrow et al., 1984; Bilsborrow and Henry, 2012;
Findley, 1987; Henry and Dos Santos, 2013). When involving another
geographical area, the regional differences (D) may be intermingled
with other factors specific to each geographic location, such as natural
resource endowments and local transportation infrastructure. Thus, a
multilevel mixed-effects model approach is appropriate for data with a
hierarchically nested structure (Goldstein et al., 1993; Pan and
Bilsborrow, 2005). Such a model was adopted for estimating the de-
terminants of migration here. A general migration formula is M = f (I,
H, C, D), with the specific model as:

Pr(Mjyx = lor2)

T
=B+ + 6,D)x; + D + + g
bt o) = Pot 2 Bt BDI D g + e

=1 (@)

where My is the migration decision (0 = non-migration, 1 = local-
migration, 2 = distant-migration) of individual i from household j in
resident group k, and x, is the ™ predictor among all the T explanatory
variables at each level. The parameters 8, and f3; capture the fixed in-
tercept and fixed effects of x,, respectively. A dummy variable (D) in-
dicates the study site (0 = Anhui, 1 = Shanxi), so 6, is the additional
effects of the specific predictors in Shanxi (D = 1) compared to those in
Anhui (D = 0), while ¢ is the overall systematic differences between the
two regions. The error term ¢ captures the random effect at the in-
dividual level. The model also allows for unexplained cluster variance
across resident groups captured by the random effect pgc at the com-
munity level, which is assumed to have a normal distribution, pgx ~ N
(0, 702). Based on this equation, regional differences are incorporated in
both the intercept and slopes of predictors, where the intercept reflects
the overall differences in socioeconomic (e.g., household income, cul-
ture) and biophysical (e.g., mountain landscape) settings while the
differences in slopes reveal how the different context leads to differ-
ences in the effects of explanatory variables.

Guided by insights from the literature (Barbieri et al., 2009;
Bilsborrow, 2002; Gibson and Goody, 1958; Lee, 1966; Massey, 1990;
Stark and Bloom, 1985) and empirical research as reviewed above, a
theoretical framework of the determinants of migration is presented in
Fig. 2, showing the explanatory variables at multiple levels. Based on
this figure, potentially relevant explanatory variables for modeling the
determinants of labor migration were selected from the data in the
household surveys, and listed in Table 2. The PES-related variable, in
Eq. (2), is income received by the household from the CCFP. As pay-
ments for economic trees planted had already ended in both study sites
by the time of the surveys, CCFP-participating households received
subsidies only for ecological forests. Thus, the income attributable to
the program is the sum of both the actual cash subsidy payment plus
earnings from the products sold from CCFP-induced forests, such as
from selling walnuts in the Shanxi case. This explanatory variable (re-
ferred to as CCFP income) captures the total gross economic benefits
from participating in CCFP, which is affected by the nature of program
implementation even after subsidies ended”* (Song et al., 2014).

L

Incomeccrp = z Rate X Area; + Tree; X (Price; X Harvest;) @
I=1

where, given a parcel [ among totally L CCFP land parcels, Incomeccrp is
the total income gained from the CCFP forest in a household. The
variable of Rate denotes the payment rate for one unit area of CCFP

“This variable does not reflect the opportunity cost of the land no longer
being farmed and producing crops for self-consumption and sale, nor any costs
of inputs involved in growing and maintaining the economic trees and selling
the tree products. But the variable captures the significant difference in the
medium term benefits of the CCFP in the two sites resulting from planting
(successful) economic trees.


https://www.usgs.gov/
https://data.mendeley.com/datasets/s7c3vfr84w/1
https://data.mendeley.com/datasets/s7c3vfr84w/1
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Fig. 2. Theoretical framework for analyzing individual migration decision-making.

forest with its value being 125 yuan/mu in Anhui and 90 yuan/mu in
Shanxi. The indicator of Tree represents the tree type planted in a parcel
with its value being 1 for economic trees and O for ecological trees.
Finally, Price and Harvest are the unit sale price and the amount of sold
products harvested from economic trees.

A wealth index was developed as a measure of the overall dwelling
and living conditions of the household, encompassing a number of
specific indicators including materials of house, energy use, possession
of assets, etc. The wealth index is the sum of the scores of the various
categories, or dimensions of living conditions, with details on the
scoring found in Wang et al. (2019). Regarding the migration destina-
tions, all reported destinations are reclassified and scored based on the
population size of each city (Table S5), with a larger population size
rendering a higher score. The mean of destination scores of all former
household members living away (although rarely more than one or
two) is calculated as a household variable. This score is intended to
reflect the economic opportunity obtained by migrants from the
household. In addition to economic opportunities, migration decisions
are also influenced by the distance from the origin to the destination
places. Hence, we also derived estimates of mean travel time of out-
migrants from the household (assuming travel by vehicle based on main
highways viewable on Google Map) from the study site to the desti-
nation city for each long distant-migrant (see Appendix B). Robust tests
of the time variable were performed by replacing estimated travel time
with travel distance (see Appendix B). Descriptive statistics suggest that
migrants from the Anhui site tend to go to large cities or megacities
which are relatively close, while out-migrants from the Shanxi site are
more evenly distributed in cities of different sizes across varying dis-
tances (Fig. S2). These two factors, estimated travel time plus economic
opportunities, thus should be controlled to isolate the effects of the
CCFP.

The explanatory variables with their definitions and means for both
study sites are provided in Table 2. It should be noted that time varying

variables (e.g., age) were collected or reconstructed to refer to the year
just before the migration in order to be considered as factors potentially
affecting the migration decision. Except for gender, all explanatory
variables including CCFP income were statistically different (p < 0.01)
between the two study sites of Anhui and Shanxi, reflecting systematic
differences in socio-demographic characteristics, geophysical condi-
tions and CCFP implementations between the two geographic regions.
Analysis of Variance (ANOVA) was used with t-tests to compare the
explanatory variables among non-migrants, local-migrants and distant-
migrants.

From Eq. (1), the additional contextual effects when switching from
the Anhui site to the Shanxi site are captured by adding interactive
terms of the regional dummy variable and the predictors. For example,
for an explanatory variable x, the effect in the Shanxi site (i.e., its es-
timated coefficient) is the sum of the effect in the Anhui site () and the
interactive effect (0), and the corresponding variance can be estimated
as Var( + 6|x) = Var(B|x) + Var(6|x) + 2Cov(f,0|x), where Var()
and Cov() denote variance and covariance, respectively, and the stan-
dard error is the square root of the variance. To further examine the
interactive effects of region and CCFP implementation, predictive
margins (Williams, 2012) were calculated for each migration choice
under various levels of CCFP income with all the other explanatory
variables set at their means. The modeling and post-estimation pro-
cesses were performed using STATA 14.0.

2.4. Non-spatial and spatial modeling

Both non-spatial and spatial models were used to examine associa-
tions between migration choices and reforestation trends. For the non-
spatial analysis, univariate ordinary least square (OLS) regression was
adopted for the overview of global correlations between migration
behavior and forest regeneration, and difference in such correlations
between the two geographic regions. The OLS model is formulated as:
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Table 2
Descriptions and statistical summary of explanatory variables.
Variable Description Mean (SD)
Anhui Shanxi
Person level
Female 1 = female, 0 = male 0.52 0.49
(0.50) (0.50)
Adult age Individual aged 16-55 35.09 33.35
(12.41) (12.31)
Education Individual has higher education than 0.64 0.88
completed elementary school (1 = yes, (0.48) (0.32)
0 = no)
Married Marital status (1 = currently married, 0.71 0.63
0 = not married) (0.45) (0.48)
Household level
CCFP income Income from CCFP (100yuan/year) 1.43 10.45
(1.949) (40.24)
Head’s age Household head’s age 49.22 44.95
(9.05) (9.47)
Head’s education Household head has higher education 0.57 0.68
than elementary school (1 = yes, (0.50) (0.47)
0 = no)
Elevation Household elevation (100 m) 6.75 10.02
(1.03) (1.21)
Size Number of persons currently living in 3.74 3.90
household (1.22) (1.20)
Wealth Indicator of household wealth score 21.08 19.95
(0-35) (4.86) (3.98)
Destination Indicator of mean score of migration 1.84 1.34
destination by all family members (1.35) (1.15)
(0-5)
Travel time Mean travel time to migration 2.99 1.26

destinations of household members and  (2.37) (1.71)
former members (in hours)

Network Previous migration experience of 0.33 0.12
household members (1 = yes, 0 = no) (0.47) (0.32)

Cropland’ Non-abandoned land in crops (mu) 5.47 12.22

(2.77) (11.11)

Animals Household raises domestic animals or 0.85 0.35
livestock (1 = yes, 0 = no) (0.36) (0.48)

Nonfarm Some member of household engaged in ~ 0.60 0.70
non-agricultural work in local area (0.49) (0.46)
(1 = yes, 0 = no)

Group level

Group size Size of resident group (number of 26.03 77.18
households) (8.65) (39.15)

Hospital Time to walk to nearest health service 18.74 13.68
facility (minutes) (15.46) (10.18)

School Time to walk to nearest elementary 19.56 22.08

school (minutes) (24.36) (15.81)
Notes: SD denotes standard deviation.
% p o< 0.01.
AForestjp = a + yMigration; , + 1), , 3)

where the subscript D indicates the region of Anhui or Shanxi;
Migration; denotes the Migration-related variables for household j, while
AForest; denotes the difference in a given remote sensing based forest
index value between the initial and final years of the study period
around household j. The parameters of a and y are the intercept and
slope corresponding to the migration variable; #; is the error term as-
sociated with household j.

Migration-related variables that were used as independent variables
include the numbers of non-migrants, local-migrants, distant-migrants,
out-migrants (the sum of local and distant migrants) per household, as
well as sum and mean of the destination scores of household members
or former members (Table S5). Two indices representing forest dy-
namics were derived from satellite images, including 1) changes in
percentage of forest cover and 2) changes in forest Enhanced Vegeta-
tion Index (EVI) density, for the area surrounding the household (de-
fined as a circular buffer). EVI is a remote sensing index widely used for
measuring the greenness of vegetation, as described in Table S4 (Huete
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et al., 1997). The radius of the buffer was set at 300 meters because it
best depicts the range of daily farmers’ activities, based on discussions
with interviewees during the surveys. To justify the buffer distance,
sensitivity analysis was conducted to compare model performances
with radius ranges from 100 m to 700 m at a step of 100 m (Fig. S3).
Based on the customary clustering of households in resident groups, this
procedure could lead to similar values for many households in the same
resident group, which could lead to large bias. To minimize such bias, a
spatial random subsampling approach based on the observation density
(Fithian and Hastie, 2013) was used to refine the sample distribution.
The resulting subsample sizes for the Anhui and Shanxi sites were both
70, with geo-locations scattered over their study areas.

The forest variables involve interesting spatial features. Tests of
spatial autocorrelation suggest there exist spatially clustered patterns
for both changes in forest coverage and changes in forest EVI values,
with global Moran’s I statistics all above 0.35 at the 0.1% significance
level. Thus, a spatial regression model, Geographically Weighted
Regression (GWR), which is capable of capturing spatially varying local
relationships (Berman and Diggle, 1989; Sannigrahi et al., 2020), was
applied to model the migration-forest relationships. The formula is as
follows:

AForest; p = ot (up, Vi) + ¥ (Un, vh)Migrationj,D + Mg 4

where a(uy, vy) and y(up, vp) are intercept and slope, respectively, at
location j with a coordinate of (u, v) in the spatial domain, and the
residential error is also specific to location h. The neighboring spatial
domain demarcated by a kernel with an adaptive width for each data
point was defined using cross validation. With the estimated non-sta-
tionary relationships, the final forest-migration dynamic outputs could
be exhibited in a spatially explicit way. The spatial (GWR) and non-
spatial (OLS) models were estimated by ArcMap 10.5 and R program-
ming, respectively.

3. Results
3.1. Household self-selection for CCFP participation

Comparison between CCFP participants and nonparticipants in
Table 3 shows that both individual and household characteristics are
almost all remarkably similar in both study sites, except for elevation in
the site of Anhui (Table 3). At the Anhui site (Tiantangzhai), compared
to nonparticipants, CCFP-participating households are generally lo-
cated at higher elevations (mean diff = 46 m, p < 0.05) where
cropland parcels were more likely to have been targeted for the pro-
gram by local governments. Thus, for Anhui household elevation should
be controlled to isolate the policy effects. All other variables exhibit no
significant differences in means between participants and non-
participants in both study sites. Overall, this suggests that there is no
significant bias from self-selection in terms of individual attributes and
household characteristics.

3.2. Descriptive analysis of differences in migrant destinations

Most explanatory variables differ significantly among non-migrants,
local-migrants and distant-migrants in each study site as well as be-
tween the two sites (Table 4). Compared to the Shanxi site, people at
the Anhui site are slightly older with less education; households have
slightly more wealth and considerably more migration networks from
previous migration of household members and more likely to keep
domestic animals. However, households in the Anhui site are located at
lower altitudes, have much smaller areas of cropland, live in commu-
nities with smaller sizes, and are located farther from health facilities
but slightly closer to primary schools. For all other variables, there are
no significant differences between the two sites except for CCFP in-
come, distance and travel time to migration destinations. Regarding the
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Table 3

Comparisons of CCFP-participating households and nonparticipants in study sites.
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Features Anhui

Shanxi

CCFP participants

Non-participants

Difference in means  CCFP participant Non-participants  Difference in means

Individual (aged 16-55) N = 662 N = 472

Proportion of females 0.50 (0.50) 0.53 (0.50)
Person’s age 34.8 (12.4) 35.4 (12.4)
Education, years 6.97 (3.54) 6.90 (3.66)
Proportion married 0.71 (0.45) 0.72 (0.45)
Household N = 235 N = 175

Household size 2.93 (1.39) 3.01 (1.33)
Number of adults aged 16-55 2.82 (0.98) 2.70 (0.99)
Number of female adult aged 16-55 1.42 (0.71) 1.44 (0.69)
Adults with primary school completed (5 + ) 0.64 (0.30) 0.63 (0.34)
Head’s age 49.5 (9.76) 49.1 (9.60)
Head’s education, years 6.24 (2.84) 5.93 (3.12)
Elevation (100 m) 6.93 (1.08) 6.48 (0.88)
Per capita cropland (mu) 1.96 (1.80) 1.70 (1.49)
Wealth score (0-35) 20.9 (5.0) 20.5 (4.9)

Proportion of households raising animals 0.85 (0.36) 0.81 (0.40)
Mean income from local off-farm work (100yuan) 132 (241) 127 (169)

N = 324 N = 274
—0.03 0.47 (0.50) 0.51 (0.50) —0.04
—0.60 33.5(12.5) 33.2 (12.0) 0.30
0.07 8.09 (3.25) 8.09 (3.59) —0.01
0.00 0.61 (0.49) 0.66 (0.48) —0.05

N =99 N = 100
—0.08 3.13 (1.55) 2.95 (1.27) 0.18
0.12 2,97 (1.12) 2.74 (1.18) 0.23
—0.02 1.55 (0.85) 1.41 (0.78) 0.14
0.01 0.87 (0.26) 0.83 (0.31) 0.04
0.38 46.1 (9.2) 43.0 (12.8) 3.09
0.31 7.08 (3.07) 7.02 (3.08) 0.06
0.46 10.2 (1.19) 9.82 (1.27) 0.34
0.27 3.73 (3.04) 2.69 (4.55) 1.04
0.41 19.7 (4.2) 19.3 (3.9) 0.36
0.05 0.41 (0.50) 0.29 (0.46) 0.12
5.10 104 (148) 85 (123) 19.4

Notes: Standard deviations are shown in parentheses.
** p < 0.05.

three migrant-status groups (non-migrants, local-migrants, and distant-
migrants), ANOVA analysis reveals significant difference in many
variables among them in both sites. For personal attributes, migrants
are better educated, younger and more likely single than non-migrants;
female migrants tend to be local-migrants and males more likely dis-
tant-migrants. Migrants come from households with older heads, lower
wealth and fewer domestic animals (Anhui only), and with more mi-
gration networks and less off-farm work.

Means and variances of CCFP income are shown in Table 4 for all
three migrant-status groups for both sites. At the Anhui site mean CCFP
incomes are far smaller for all groups than those at the Shanxi site,
showing the large differences in household income contributions from
the CCFP between the two sites (mostly due to economic trees grown in
Shanxi). At the same time, migrant households in Anhui receive higher
CCFP incomes than non-migrant households, with little difference be-
tween the local- and distant-migrant groups. At the Shanxi site, how-
ever, households with migrants have lower gains from CCFP than non-
migrants, albeit insignificantly.

3.3. Dynamics of forest cover and tree growth

Changes in land use and land cover and EVI reveals substantial re-
forestation during 2002-2013/2014 (Fig. 3). In both study sites, forest
area increased accompanied by enhanced greening since the im-
plementation of the CCFP. Statistically, the proportion of the study area
in forest cover increased from 66.4% to 72.5% in Tiantangzhai (Anhui)
and from 57.9% to 63.2% in Checheng and Jichang (Shanxi). The
overall greenness of the landscape measured by EVI shows remarkable
differences between the two sites. In Tiantangzhai the small area de-
clining in greenness occurred mostly in the residential area, along the
major paved road, and in some agricultural areas; the enhanced
greening appears mainly high up in the mountains. In Checheng and
Jichang (Shanxi), a large area of forests experienced both greening
enhancement and area expansion, which could be partially attributed to
new CCFP forests (mostly economic trees) that had been well managed
by local residents.

3.4. Influence of CCFP on individual migration

Based on the multilevel modeling results, CCFP income has statis-
tically significant effects on individual migration behaviors but the ef-
fects are quite different for the two study sites (Tables 5 and S6). In the

Anhui site, after controlling for all the other factors at three levels, we
find that an additional 100 yuan ($12.2) of CCFP income increases the
likelihood of local- and distant-migration (versus non-migration) by
23.9% and 10.5%, respectively. But the same additional CCFP income
in Shanxi actually slightly decreases the probability of labor out-mi-
gration, particularly distant-migration with 0.4% less likely than no
migration at all. Robustness tests find such effects remain statistically
significant even after replacing the travel time with distance to desti-
nation cities (Table S7). In addition, the intercept dummy variable that
reflects any remaining systematic differences between Anhui and
Shanxi after other factors are controlled is not statistically significant,
implying that the important contextual differences (e.g., differences in
economic opportunities between the Yangtze River Delta and the Loess
Plateau) are mostly captured through the observable variables in the
model. This is evident from the fact that the intercept dummy D is
statistically significant if the two variables for mean household desti-
nation score and mean travel time to destination cities are removed,
although the effects of CCFP remain robust (Table S8). These results
suggest that the CCFP has stimulated both local-migration and distant-
migration at the Anhui site in search for better opportunities, while it
has slightly demotivated labor distant-migration at the Shanxi site.
Such different effect are due to unmeasured contextual factors in the
two mountainous regions.

The predicted probabilities of migration, combining the direct ef-
fects plus interaction effects, reveal nonlinear responses of migration to
different levels of CCFP income (Fig. 4). As CCFP income rises, the
predicted probabilities of distant-migration from the Anhui site and
local-migration from the Shanxi site are substantially altered. Specifi-
cally, individuals from the Anhui site are even more likely to be distant-
migrants at higher CCFP income levels, which is statistically significant
from 800 yuan ($98) or higher. At the Shanxi site, individuals are in-
clined to migrate locally once CCFP income exceeds 300 yuan ($37),
with the predicted probabilities of migration continuing to be high and
significant up to 2800 yuan ($342), after which the probability be-
comes insignificant. Other relationships of migration decisions and
CCFP income levels are generally consistent with modeling outcomes,
as expected, albeit with relatively low significance levels.

3.5. Associations between labor migration and forest regeneration

In both study sites, apart from the dissimilarity in correlations es-
timated by OLS, there is also different spatial heterogeneity between
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Table 4
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Statistical comparisons in means and standard deviations of explanatory variables among migration groups between Anhui and Shanxi sites.

Variable Anhui Site (0) Shanxi Site (1) Anhui (0)-Shanxi (1)
Non Local Distant ANOVA Non Local Distant ANOVA Diff. Non Diff. Local Diff. Distant
(n = 548) (n = 90) (n = 496) (p-value) (n = 371) (n =79) (n = 148) (p-value)

Person

Female 0.56 0.68 0.44 0.000 0.51 0.57 0.41 0.050 0.06* 0.11 0.02
(0.50) (0.47) (0.50) (0.50) (0.50) (0.49)

Adult age 42.24 27.13 28.65 0.000 39.50 24.68 22.55 0.000 2.73 2.45% 6.09
(9.68) (10.52) (10.92) (10.75) (7.18) (6.61)

Education 0.45 0.78 0.81 0.000 0.85 0.92 0.95 0.004 -0.39 —-0.15 -0.13
(0.50) (0.42) (0.39) (0.36) 0.27) (0.23)

Married 0.88 0.44 0.58 0.000 0.84 0.46 0.20 0.000 0.03 —0.01 0.38
(0.33) (0.50) (0.49) (0.36) (0.50) (0.40)

Household

CCFP income 1.21 2.00 1.56 0.000 12.11 6.16 8.60 0.398 —10.90 -4.16 -7.04
(1.72) (2.54) (2.03) (47.28) (23.75) (25.13)

Head’s age 47.06 48.36 51.77 0.000 44.72 44.38 45.84 0.401 2.34 3.98 5.92
(8.23) (8.07) (9.43) (9.70) (10.78) (8.02)

Head’s education 0.55 0.57 0.59 0.278 0.67 0.70 0.70 0.819 -0.13 -0.13* —-0.10
(0.50) (0.5) (0.49) (0.47) (0.46) (0.46)

Elevation 6.80 6.88 6.67 0.059 10.00 10.10 10.03 0.792 -3.20 -3.22 -3.36
(1.03) (1.03) (1.05) (1.22) (1.08) 1.27)

Size 3.68 3.92 3.76 0.186 3.86 4.08 3.93 0.327 -0.17 -0.15 -0.17
(1.22) (1.27) (1.21) (1.24) (1.11) (1.13)

Wealth 21.30 19.96 21.03 0.049 19.94 20.52 19.66 0.297 1.36 —0.56 1.38
(4.43) (5.64) (5.13) 3.74) (4.59) (4.19)

Destination 1.09 1.33 2.77 0.000 0.68 0.86 1.62 0.000 0.40 0.48 1.15
(0.90) (0.83) (1.27) (0.68) (0.56) (0.83)

Travel time 1.79 2.29 4.43 0.000 0.90 0.60 2.49 0.000 0.89 1.69 1.94
(1.66) (1.34) (2.38) (1.33) (1.11) (2.15)

Network 0.24 0.47 0.41 0.000 0.09 0.10 0.20 0.001 0.16 0.37 0.20
(0.43) (0.50) (0.49) (0.28) (0.30) (0.40)

Cropland 5.59 5.43 5.36 0.413 12.39 11.52 12.17 0.817 —6.80 —6.08 -6.81
(2.69) (3.07) (2.81) (11.18) (10.99) (11.04)

Animals 0.90 0.78 0.81 0.000 0.33 0.39 0.37 0.439 0.57 0.39 0.44
(0.30) (0.42) (0.39) (0.47) (0.49) (0.48)

Nonfarm 0.69 0.56 0.50 0.000 0.72 0.57 0.70 0.027 —-0.03 —-0.01 —-0.20
(0.46) (0.50) (0.50) (0.45) (0.50) (0.46)

Group

Group size 25.85 25.44 26.32 0.546 76.56 80.24 77.12 0.750 —50.70 —54.80 —-50.80
(8.61) (8.49) (8.74) (39.39) (39.46) (39.57)

Hospital time 18.22 19.66 19.16 0.520 13.89 12.23 13.92 0.398 4.33 7.43 5.24
(15.46) (13.85) (15.73) (10.05) (10.53) (10.33)

School time 19.83 16.78 19.76 0.529 22.34 21.89 21.54 0.869 —2.50% —5.11% -1.78
(25.48) (19.03) (23.96) (15.86) (16.76) (15.24)

Notes: Statistically significant (p < 0.05) differences of ANOVA tests are highlighted in bold. “Diff.” denotes difference in means of variables. Values in parentheses

below means are standard deviations.
** p < 0.05.
*** p < 0.01.

labor migration and forest regeneration (Fig. 5). Sensitivity analysis
testing the radius used for forest surrounding households shows con-
sistent and robust correlations between forest regrowth and various
types of migration (Fig. S3). In Tiantangzhai (Fig. 5, left panel), OLS
estimation shows the increase in distant-migration is significantly and
positively associated with an increase in forest cover (coeffi-
cient = 1.211, p = 0.064), but is not significantly linked to forest
greenness as measured by EVI. Households sending more workers to
cities are likely to use forest resources less (especially those receiving
large remittances), which could facilitate forest expansion. Interest-
ingly, however, the EVI value of newly planted ecological forests under
the CCFP are not as high as that of the existing mature forests, so they
contribute little to overall forest greenness. Spatially, the Geographic
Weighted Regression (GWR) model results demonstrate positive mi-
gration-forest associations similar to those of OLS in most places. In the
semi-arid site of Shanxi (Fig. 5, right panel), local-migration is found
positively associated with both forest expansion and growth, with all
associations statistically significant (coefficients of 3.860 and 0.021 for
forest cover and EVI, respectively; p-values are under 0.06). Thus, local-
migrants in Shanxi may be engaged in orchard forest management

(apples, walnuts), helping their origin households, such as harvesting
and commercializing locally.

4. Discussion
4.1. Divergent social-ecological pathways of PES to forest sustainability

In this research, we find strong evidence of divergent effects of CCFP
on rural out-migration in two contrasting regions, with full sets of
factors at the individual, household, community and region levels
controlled. In particular, income from the CCFP and the change in li-
velihoods it appears to often stimulate has had important effects on
migration decisions, but the effects appear to be significantly different
between the subtropical mountainous setting in Anhui and a semi-arid
site on the Loess Plateau in Shanxi. The different impacts appear to
result from different responses to the implementation of the CCFP in
household livelihood strategies on land use and labor allocation, com-
bined with differences in government CCFP policies, especially with
respect to the promotion of ecological vs. economic trees for refor-
estation (Fig. 6).
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Fig. 3. Changes in land cover and enhanced vegetation index in Tiantangzhai of Anhui and Checheng & Jichang of Shanxi.
In the subtropical mountain site of Anhui with rough terrain, small intermixed and non-contiguous). The CCFP reduces cropland available

cropland parcels of modest productivity are scattered within resident (Groom et al., 2009) and hence free farm labor for other economic
group clusters (households have multiple small parcels, often activities, including migration (Zhang et al., 2018a). Nearly all CCFP-
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Table 5
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Estimated results of mixed-effects logistic model for individual migration with multilevel influencing factors.

Variable Full Model: Tiantangzhai (Anhui) Checheng & Jichang (Shanxi)

Local-migration Distant-migration Local-migration Distant-migration

Coef. SE Coef. SE Coef. SE Coef. SE
Individual
Female -0.199 0.303 -1.851 0.330 0.307 0.407 —0.480 0.368
Adult age -0.139 0.023 —0.211 0.017 -0.173 0.045 -0.222 0.044
Education 0.767 0.780 0.260 0.391 -1.357 0.599 —2.745 1.055
Married —0.780 0.628 0.503 0.648 -0.977 1.210 —0.586 0.490
Household
CCFP income 0.239 0.112 0.105 0.048 -0.019 0.014 —0.004* 0.002
Head’s age 0.040 0.028 0.092 0.020 0.052 0.024 0.070 0.035
Head’s education 0.846 0.717 0.158 0.380 0.710 0.517 0.380 0.347
Elevation —0.106 0.325 -0.123 0.240 0.361 0.342 0.188 0.262
Size 0.709 0.154 0.276 0.173 0.353 0.304 —0.362 0.239
Wealth —-0.110 0.046 —0.011 0.028 0.074 0.077 —0.042 0.057
Destination —-0.673 0.596 2.478 0.283 4.393 0.433 4.918 0.468
Travel time 0.487 0.223 0.107 0.122 —2.525 0.487 —0.934 0.135
Network 2.088 0.539 0.069 0.470 —0.536 0.713 -0.677 0.515
Cropland —0.102 0.119 —0.125* 0.064 —0.010 0.023 0.013 0.011
Animals —0.496 0.735 —0.341 0.320 —0.060 0.652 0.102 0.276
Nonfarm -1.970 0.867 -1.391 0.520 -1.702 0.670 —0.269 0.661
Group
Group size 0.036 0.035 0.040 0.028 —0.003 0.007 —0.010 0.006
Hospital time 0.035 0.016 0.009 0.009 —0.044 0.036 —0.029 0.027
School time —0.012 0.008 —0.001 0.006 0.045 0.042 —0.001 0.036
Region
Site (D) —4.877 6.358 3.767 4.512
Interaction — Individual
Female x D 0.507 0.506 1.371 0.494
Age X D —0.035 0.051 —0.011 0.048
Education x D -2.123 0.990 —3.005 1.126
Married X D -0.197 1.359 —1.089 0.812
Interaction — Household
CCFP income X D —0.258 0.113 -0.110 0.048
Head’s age X D 0.012 0.037 —0.022 0.040
Head’s education x D —0.136 0.883 0.222 0.511
Elevation X D 0.467 0.463 0.311 0.345
Size X D —0.356 0.340 -0.638 0.295
Wealth x D 0.183" 0.090 —0.031 0.064
Destination X D 5.066 0.735 2.440 0.545
Travel time x D —3.012 0.535 —1.042 0.183
Network x D —2.624 0.892 —-0.746 0.696
Cropland x D 0.092 0.121 0.137 0.064
Animals x D 0.436 0.987 0.443 0.427
Nonfarm x D 0.268 1.090 1.122 0.841
Interaction — Community
Group size X D —0.039 0.035 —0.050* 0.029
Hospital time x D —0.079 0.039 —0.038 0.029
School time X D 0.057 0.043 0.000 0.036
Intercept 0.657 2.099 —0.753 2.419
Group Variance 0.838 0.450

Notes: Full Model includes a dummy variable D to use for both the intercept and slopes of coefficients when interacting with variables, with D = 1 for Shanxi site
(reference is Anhui site). The symbol of “Xx” denotes interaction between an independent variable and the dummy variable. Conditional effects indicate effects
derived based on the full model results and the variance-covariance matrices (Table S7) for the individual sample at the Shanxi site. “Coef.” denotes coefficient and
“SE” the robust standard errors resulting from the data being weighted, as is appropriate.

* p < 0.10.
** p < 0.05.
**% p < 0.01.

participating households (94.5% of all participants) in Tiantangzhai
(Anhui) established ecological forests, from which participants gain
little, if any, additional income. Thus, the CCFP, albeit providing small
amounts of cash compensation, can induce freed-up labor to become
migrants and even also provide some financial support to the move.
This is evidenced by the finding that a higher level of CCFP income
increases the likelihood of distant-migration (Fig. 4). Some rural
households participating in the CCFP face various obstacles for distant
migration, such as lack of migration networks or enough adults in the
household (Wang et al., 2019), so may use the CCFP compensation to
send migrants within the local area, which also explains the significant
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effects of CCFP payments on local-migration (Table 5). As households
with migrants rely less on cultivation of cropland for their livelihoods,
it does not appear unlikely for these participating households to revert
the CCFP forests back to croplands when CCFP funding ceases. They
have become dependent on high remittances from former members,
accounting for a mean of over a third of household income (Zhang
et al.,, 2019). Thus, the out-migration stimulated by the CCFP payment
contributes indirectly to forest sustainability. Labor migration to cities
also can substantially reduce the extraction of fuelwood (Song et al.,
2018), which is the primary energy source for daily cooking and winter
heating, hence also contributing to forest restoration and regrowth.
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This is confirmed by the results from the non-spatial modeling in which
distant-migration is found to be positively correlated with forest re-
covery during the implementation of the CCFP. Notably, the strongest
correlation is observed at higher elevations (Fig. 5), where household
members are in a sense “pushed out”, by not having good access to local
employment in local towns to migrate out and leave cropland behind
(Zhang et al., 2018b), as also found in other mountainous regions in
Nepal (Rimal et al., 2019) and Ecuador (Barbieri et al., 2009).

At the Shanxi site on the semi-arid Loess Plateau, per capita crop-
land areas on average are much larger than in the subtropical region of
Tiantangzhai, while relatively large urban labor markets are farther
away. With larger landholdings, they have larger areas enrolled in the
CCFP, so participants receive higher payments, even though the com-
pensation rate per unit area is lower. More important, over half of the
CCFP forests planted are economic forests (mainly walnut), which after a
few years generated significant additional income, which will continue
even if and after the CCFP compensation ceases (Table 1). Such dif-
ferences in tree types planted may be due to differences in regional
geographical conditions that influence the viability and productivity of
the planted trees (Bennett et al., 2014), leading to different pathways
(Fig. 6). For households with economic forests, selling their products
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can bring in substantial income (Delang, 2019) and decreasing motives
of household members to migrate away in search of more remunerative
work, as appeared to occur in the Shanxi site (Table 5). Meanwhile,
local-migration tends to nonlinearly respond to CCFP income level
(Fig. 3). Thus, when the CCFP income is below a certain level, house-
holds often seek to diversify income sources by sending out local-mi-
grants, who are close enough to easily help on the farm or with the new
tree orchards when needed. When the CCFP income reaches a suffi-
ciently high level, households have enough income to not have to send
someone away as a distant migrant, and instead focus on the manage-
ment of their new lucrative tree orchards. Their successful management
of orchards under the CCFP therefore expands the area in forest, but
also strengthen the tree growth, rendering the positive relationships
between CCFP compensation and the greening trends of forests. How-
ever, for the nearly half of the participating households with only
ecological forests, they gain little or no extra cash income from their
newly planted forest. These households are therefore more likely to
seek alternative local work or out-migrate. This could explain the more
heterogeneous associations between household labor allocation for
migration and forest growth trends in the Shanxi site compared to the
Anhui site. When CCFP compensation ceases, these households, unless
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successful in finding remunerative local work or receiving remittances
from migrants, are also likely to return their ecological forests to
cropland, ending the ecological services stimulated by the CCFP.

4.2. Implications for environment-migration nexus

Our research findings improve the understanding of the environ-
ment-migration nexus (Bilsborrow, 2002; Carr, 2009) in a broader
context of social-ecological systems (Aryal et al., 2018). Migration is
influenced by interactions between environmental and non-environ-
mental factors and can feedback onto environmental change (Neumann
and Hilderink, 2015). Such interactions can be particularly prominent
in mountainous areas, where conflicts between environmental sus-
tainability and local livelihood improvements are strong (Liu et al.,
2016). The example of the CCFP in China addresses these challenges
based on research findings from comparable data in two very distinct
areas, distinct in environmental conditions and locations vis-a-vis the
centers of the national economy. The results illustrate forest-migration
interplays of considerable interest for outstanding global environmental
change (Ervin et al., 2020; Meyfroidt et al., 2010; Oldekop et al., 2018).
Unfavorable environmental conditions in the mountainous area—in the
sense of little land, poor quality land, and isolation (weak transporta-
tion infrastructure) function as a poverty trap that both makes people
poor while also making it difficult for them to escape, such as by
changing or diversifying livelihoods or migrating to locations with
better economic opportunities. The CCFP can provide modest financial
compensation which can help facilitate the migration process. More
important than the modest compensation from the CCFP is its requiring
the withdrawal of marginal cropland, which can free farm labor from
onerous, low-productivity cultivation of croplands, and sometimes
strengthen land tenure security at the same time in cases when the
government issues at deed of ownership for the CCFP (Kelly and Huo,
2013; Treacy et al., 2018; Uchida et al., 2009; Zhang et al., 2018a).
Households with freed-up labor may seek alternative ways of allocating
that household labor, including out-migration, to diversify their liveli-
hoods while holding onto the remaining cropland (Wang and Maclaren,
2012). Whether the reforested lands can be sustained to provide the
intended ecosystem services depends on how they adjust their liveli-
hoods to adapt to the land use change (Yao et al., 2010).

Labor out-migration is adopted common strategy that can have
feedback effects on forest rehabilitation, expansion and conservation
under the CCFP (Wu et al., 2019b). In this research, we categorize three
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different migration choices, including non-migration (i.e., continuing to
live at the original house location, regardless of economic activities),
local-migration (migrating to live nearby within the county), and dis-
tant-migration (moving to locations, almost all cities, at longer dis-
tances away outside the county). The two migration alternatives offer
very different perspectives for understanding how land use change may
be related to demographic dynamics and feedbacks onto forests. In the
subtropical study site (Anhui), enrolling more land in the CCFP yields a
larger cash payment which was found to increasingly stimulate out-
migration to distant and larger destination with generally higher wages.
To the extent this migration leads to remittances sent back to the origin
household, as is the norm, it frees that household from the need to
exploit the land and existing forests so much and hence is turn con-
ducive to the sustainability of CCFP forests. While it is not always the
case that migrants are both successful and send back remittances (nor
do we have direct data on this for our samples as it would require ex-
pensive tracing of migrants), it is more likely to be the case for those
migrating to the larger cities. This may facilitate a livelihood transition
in their origin households (Zhang et al., 2019), including forest ex-
pansion (Fig. S3). As a result, the CCFP can be viewed as successful to
date for most participating households in improving their livelihoods
and achieving (up to now) sustainable reforestation via promoting
migration. At the Shanxi site of the Loess Plateau, farm households have
been able to generate sizable income by turning CCFP land into eco-
nomic forests, growing and selling fruits/nuts (mostly walnuts), which
is nevertheless rather labor demanding. Thus it is more common for
those who migrate away to be local-migrants, so they can assist the
origin household when needed and thereby play a major role in making
the CCFP economic forests thrive in the long term. Therefore, the
program there has also fulfilled the goal of forest conservation while
altering household livelihoods in a way that has led to higher household
incomes, albeit via a different migration pathway.

4.3. Limitations and future directions

It is important to acknowledge a few limitations in this research that
may help improve future work. The analysis of the migration-forest
dynamic linkages here is evidently based on single cross-sections of
data, and therefore requires a considerable leap to infer relationships
over time based on differences across households. Hopefully it will be
possible to conduct a follow-up survey on the same households in the
future to assess the sustainability of the improvements in livelihoods
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and forest cover observed here. Second, the analysis of forest cover and
“greening” here is based on all forests identified from satellite images,
and thus cannot separate the “greening” and expanding shares of nat-
ural forests, ecological CCFP forests, and economic CCFP forests. Third,
this present research could be extended by attempting to quantitatively
estimate the linkages between the changes in each forest type and the
types and destinations of labor migration at the household level.
Fourth, this study does not attempt to quantify the value of specified
ecosystem services supported by forests, but regards forest cover and
tree growth as the surrogate for (increased) ecosystem services. Finally,
the model emphasizes to a less extent the joint effects of demographic
change and land use change on forest conservation outcomes. For in-
stance, cropland abandonment, which has become common in moun-
tain areas of subtropical China, is closely related to household labor
allocation and vegetation regeneration on human-modified fields
(Zhang et al., 2018b). At the same time, in the Loess Plateau, agri-
cultural transformation from dryland crops to apple and walnut orch-
ards may also involve nuanced changes in forest ecosystems (for ex-
ample, we observed considerable areas of intercropping of fruit trees
with corn). Taking into account these complex interactions requires
comprehensive models (e.g., agent-based models) to uncover the un-
derlying feedback processes of the demographic-socioeconomic and
ecological subsystems, which is evidently beyond the scope of the re-
search focus here on examining regional differences.

5. Conclusion

This study integrates household survey, remote sensing and statis-
tical models to investigate rural labor out-migration in two contrasting
sites following the implementation of the largest payment for ecosystem
services program in China, the Conversion of Cropland to Forest
Program (CCFP). The socioeconomic and ecological outcomes of the
CCFP as well as the underlying pathways are shown to vary between the
two regions, characterized by quite different biophysical and socio-
economic conditions. More specifically, we found that the CCFP has
different effects on both labor migration and forest recovery between a
subtropical mountainous site in Anhui a semi-arid site of the Loess
Plateau in Shanxi. CCFP (income) payments stimulates both local- and
distant-migration from households in the Anhui site, but tend to slightly
reduce out-migration from households in the Shanxi location, especially
migration to long distance. Meanwhile the distant-migration from
Anhui is strongly associated with increased forest cover, and thus en-
hanced ecosystem services. At the same time, it is the local out-mi-
gration in Shanxi that is correlated with forest expansion, which is in-
terpreted as reflecting the desire of households in Shanxi to keep
migrants close so they can help with the labor required in successful
management of the new economic forests (mostly walnut trees) as well
as existing apple orchards. Overall, the CCFP has contributed to both
the primary goal of ecosystem conservation and the secondary goal of
improving livelihoods, but with intriguing differences in the socio-
economic-ecological pathways linking out-migration to forest sustain-
ability between the two quite different mountain areas. The future
design of large-scale PES programs in China and elsewhere would
benefit from explicitly considering a priori such differences in under-
lying contextual conditions in program implementation areas.
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