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Abstract

Context Understanding the relationship between
ecosystem services and human well-being in rural
areas of rapidly urbanizing watersheds is one of the
core research questions of landscape sustainability
science. It is important for poverty alleviation and
forming related policies. However, there is insuffi-
cient investigation on the impacts of ecosystem ser-
vices on poverty alleviation on multiple scales in such
region.

Objectives This paper investigates whether ecosys-
tem services at the landscape level and household
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characteristics play important roles in connecting
ecosystem services and poverty alleviation in a rap-
idly urbanizing landscape from the perspective of
landscape sustainability science.

Methods We use an urbanizing watershed with a
large number of poor people, analyzing the impacts
of ecosystem services on poverty alleviation among
different types of rural households based on surveys,
nonparametric tests, and multinomial logit models.
Results The results suggested that differences in
household-level endowments had significant impacts
on poverty alleviation. In terms of ecosystem ser-
vices, regional (village-level) food supply were signif-
icantly associated with poverty alleviation (p<0.1);
while household-level benefits from cultural services
had a significant positive effect (p<0.01) on house-
holds moving to the better-off group.
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Conclusions Differentiating the roles of ecosystem
services on poverty alleviation between landscape
level and household level is important for policy mak-
ing. In urbanizing watersheds, offering ecological
compensations, and providing trainings and financial
supports for rural poor people should be adopted to
help them get out of poverty.

Keywords Livelihood strategies - Targeted poverty
alleviation policies - Landscape sustainability
science - Sustainable development goals - Urban
sustainability

Introduction

Poverty is defined as an extreme deprivation of
human well-being (MA, 2005; Carpenter et al. 2009),
including multiple dimensions such as food secu-
rity, nutrition, health, income and assets, education,
and skills (Suich et al. 2015). It can be measured in
an absolute way, i.e., the severe deprivation of basic
human needs, and in a relative way, i.e., comparison
with the economic status of other members of the
society (United Nations, 2014), among which income
is often used to measure absolute poverty (Barrett
et al. 2011). For example, the World Bank established
the international poverty baseline of US$1.90 per day
in 2015 (United Nations, 2015). Eradicating poverty
is the first goal of the Sustainable Development Goals
(SDGs) of the United Nations. Therefore, understand-
ing the pathways to poverty alleviation is fundamen-
tal for sustainable development and landscape sus-
tainability science.

Ecosystem Services (ESs) refer to the benefits that
humans obtain from ecosystems (MA, 2005), which
are strongly linked to poverty alleviation (Carpen-
ter et al. 2009; Suich et al. 2015). Recently, the Mil-
lennium Ecosystem Assessment (MA) framework
and the Ecosystem Services for Poverty Alleviation
(ESPA) programme has maintained a strong attention
to the wellbeing of the poor (i.e. income and employ-
ment) and the effect of ESs management on poverty
alleviation (Schreckenberg et al. 2018). These stud-
ies have found that the relationships between ESs and
human wellbeing were complex (Fisher et al. 2013;
Liu and Wu, 2021). For example, the basic food and
energy needs of rural residents in poor areas rely
heavily on provisioning services (TEEB, 2010), and
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selling these natural products also generates income
(MA, 2005). Regulating services have played an
indispensable role in maintaining a safe and healthy
environment for the poor (TEEB, 2010; Stringer et al.
2012). Meanwhile, the effect of cultural services on
cultural identity of poor people has been discussed,
and a decline in natural habitats was associated with
a deprivation of cultural services and possibility to
express spiritual values of these services (TEEB,
2010; Derkzen et al. 2017).

Although the importance of ES to the poor has
been widely recognized, there were still at least three
research gaps that deserve our attention. First, we still
lack an understanding of the disaggregate benefits of
ESs in poverty alleviation (Fedele et al. 2017; Suich
et al. 2015), which hinders policymakers from form-
ing targeted policies for improving ESs and alleviat-
ing poverty. Recently, the roles of individual ES in
improving living conditions for the rural poor and
creating pathways out of poverty were qualitatively
discussed (Schreckenberg et al. 2018; Adams et al.
2020; Mandle et al. 2020), a quantitative analysis
comparing the varying roles of multiple ESs in pov-
erty alleviation was rare. In addition, previous stud-
ies mainly focused on the impacts of provisioning
and supporting services in poverty alleviation (Bar-
rett et al. 2011; Daw et al. 2011; Sandhu et al. 2014;
Zheng et al. 2019), while the impacts of regulating
and cultural services were less considered.

Second, although some researchers have examined
the direct association between household characteris-
tics and ES dependence, their relationship with pov-
erty alleviation have not been quantitatively explored.
For example, Robinson et al. (2019) found that ES
dependence is related to socioeconomic factors, such
as age composition, health, education and family
assets. Chaigneau et al. (2019) implied that the ability
of individuals to gain wellbeing through ESs depends
not only on monetary mechanisms, but also on the
use and experience mechanisms. Hua et al. (2017)
found that the human, natural, and financial capitals
of watershed residents have significant impacts on
livelihood strategies and poverty alleviation. There-
fore, understanding the varying quantitative rela-
tionship between ESs and poverty reduction among
different household types is imperative to forming
targeted poverty alleviation policies.

Third, previous studies largely focus on sparsely
populated regions, such as protected areas (Zheng
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et al. 2019) and remote mountainous areas (Sandhu
et al. 2014). While generating valuable knowledge on
ecosystems such as forests (Von Maltitz et al. 2016),
farmlands (Cruz-Garcia et al. 2016) and wetlands
(Verma and Negandhi, 2011), there is inadequate
attention on the urbanizing areas (Marshall et al.
2018), especially the rural poor in these regions. Due
to the rapid transformation of rural land (e.g., forest
land, grassland, wetland) to urban land, the supply of
ESs in urbanizing watersheds has decreased (Zhang
et al. 2017; Huang et al. 2019). The income of a large
number of people engaged in ES-related industries,
such as crop cultivation and animal husbandry, has
been negatively affected (TEEB, 2010). Conversely,
the increase in land use intensification improves rural
livelihoods by increasing rural income (Liao and
Brown, 2018; Ye et al., 2020). In addition, due to
the differences in economic status and social capitals
between urban and rural residents, the rural-urban
income gap has been widening alongside with urbani-
zation, and poor rural residents are vulnerable to be
trapped in poverty (Daw et al. 2011; Huang et al.
2020). Therefore, analyzing the relationship between
ES and poverty alleviation in urbanizing watersheds
can provide an important implication for the devel-
opment of targeted poverty alleviation policies in the
context of global urbanization.

The Sustainable Livelihood (SL) framework pro-
vides a multidimensional perspective for analyzing
the relationship between ESs and poverty allevia-
tion in the context of landscape sustainability sci-
ence. First of all, maintaining a benign relationship
between ES and human well-being is rapidly urban-
izing landscape is a key target of landscape sustain-
ability science (Wu 2013); and understanding how
socioeconomic processes and institutions affect the
relationship among urbanizing landscape, ES and
human-well-being is one of the eight core research
question of landscape sustainability science (Wu
2021). Second, the SL framework believes that nat-
ural, human, physical, financial, and social capital
influenced by regional institutions and organizations
together determine people’s livelihood strategies and
affect the sustainability outcomes (Scoones, 1998).
This framework can not only be used to understand
poverty alleviation at the household level, but is also
compatible with or complementing other frameworks
(Fisher et al. 2013). For example, natural capital in
the SL framework includes most ESs categories in

the Common International Classification for Ecosys-
tem Services (CICES, Haines-Young and Potschin-
Young, 2018) or the Millennium Ecosystem Assess-
ment (MA) framework (MA, 2015). Meanwhile,
some important moderators (such as the differences
in income, employment, and social differentiation)
between ESs and poverty alleviation, which are not
explicitly included in the MA, were also considered
in the SL framework (Daw et al. 2011). Therefore,
using the SL frameworks can help us address one
core research question of landscape sustainability sci-
ence and understand the varying roles of ES in pov-
erty alleviation among different households in rapidly
urbanizing landscapes.

This paper investigates whether household char-
acteristics play an important role in connecting ESs
and poverty alleviation in a rapidly urbanizing land-
scape from the perspective of landscape sustainability
science. To this end, we first obtained the ESs char-
acteristics and socioeconomic information of house-
holds in the Baiyangdian watershed according to ES
mapping, surveys and interviews. Then, we divided
the sampled households into three groups based on
their incomes. Subsequently, a multinomial logit
model (MNL) was constructed to analyze the fac-
tors that influence poverty alleviation across differ-
ent types of rural households. Towards the end, we
discussed the significance for understanding the rela-
tionship between ESs and the well-being of poor resi-
dents in urbanizing watersheds, as well as strategies
for achieving the broader poverty alleviation goal.

Study area and data
Study area

The Baiyangdian watershed is located in north-
ern Hebei Province, China (38°3'N-40°4'N and
113°39'E-116°12'E) and is part of the Daqing River
system of the Haihe watershed. It is situated in con-
tinental monsoon climate zone with four distinct sea-
sons. Spring and winter are dry and windy, whereas
summer is hot and rainy. Fall is pleasant but short.
The average annual water in the watershed is 3.12
billion m?, and the per capita water is only 297m?,
which is far below the internationally recognized
extreme water shortage line, i.e., 500 m> per capita
(Baiyang et al. 2013). The total area of the watershed
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Fig. 1 The study area (the selected six counties for surveys was marked)

is approximately 31,200 km?, and the elevation is
high in the west and low in the east, forming moun-
tains, plains and waterlogs (Fig. 1). The main types
of land use in the watershed include farmland, grass-
land and woodland, accounting for 90.2% of the total
area. This watershed provides the region with a vari-
ety of ESs, such as flood control, recreation, aquatic
products, raw material products, water resources, and
carbon sequestration (Jiang et al. 2017). It covers 28
cities and counties in Hebei, Shanxi and Beijing. The
total population of the watershed in 2018 was 9.6 mil-
lion, of which urban population accounts for 52.9%.
We chose this watershed as a case to explore the
relationship between ES and poverty alleviation
for two reasons. This watershed is a typical rapid
urbanizing watershed. Recently, the Baiyangdian
watershed has experienced rapid urbanization. From
1990 to 2018, the area of urban land in the water-
shed expanded by 488.98 km?, nearly five times as
large as the area at the beginning of the period. The
average annual growth rate of urban land reached
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5.6%, which was 1.6 times the global annual growth
rate of 3.5% (He et al. 2019). In addition, the urban-
ization of the watershed has led to increased human
activity, resulting in environmental problems, such
as surface runoff reductions and increased water
and air pollution (Gao et al. 2009). In the future, the
construction of Xiong’an New District, a national
new district in China, will further promote the
urbanization of the watershed.

More importantly, there are a large number
of poor households living in the watershed. This
watershed contained eight counties that were iden-
tified as China’s contiguous poor areas by the
national government (Zhao et al. 2014). The income
gap between urban and rural residents is quite large.
The per capita disposable income of urban residents
in the watershed was 27,188 RMB yuan in 2018
(equivalent to 3,941 US dollars at an exchange rate
of 6.6899), approximately 2.6 times that of rural
residents (10,405 RMB yuan or US$1,572). The
Chinese government pays great attention to green
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and sustainable development of the Baiyangdian
watershed, hoping to build it into a demonstration
area of sustainable urbanization and ecological con-
servation (Frazier et al. 2019).

Data

Two types of data were used in this study. The first
one is the survey and interview data in Baiyang-
dian watershed from July to August 2019. The sec-
ond one is socioeconomic statistics derived from
The China Rural Poverty Monitoring Report in
2019 and The Hebei Rural Statistical Yearbook in
2018, including population data and socioeconomic
data for all rural areas in Laiyuan County, Laishui
County, and Yi County in Baoding City, Hebei
Province.

Methods

Based on the SL. and MA framework, we put the
poor and marginalized households whose liveli-
hoods are directly dependent on ESs at the center of
our analysis, and examined the full chain connect-
ing ESs, household differences, and final benefits
for poverty alleviation.

In this study, we used the SL framework to
explore the impacts of ESs on poverty allevia-
tion. Following the SL framework, households
make livelihood activity choices based on their
assets, access, and capabilities, and the ecosystem
endowments they get from the local ecosystem.
The household’s benefits from the ecosystems can
be seen as two parts, natural resources that do not
combine human labor (that is, direct ESs, such as
non-material benefits and aesthetic values), and the
benefits or abilities through a combination of eco-
system entities and anthropogenic assets (including
human capital, social capital, and financial capi-
tal) as well as human labor (Robinson et al. 2019).
Despite current research indicates both the mate-
rial benefits and non-material benefits provided by
ecosystems are important for poverty alleviation
(Chaigneau et al. 2019), this study mainly focused
on the material benefits because they are fundamen-
tal and critical to improving the livelihood of rural

poor, particularly the financial dimension of poverty
alleviation (de Koning et al. 2011).

Sampling and semi-structured interview

Built on SL framework’s assumption that natural,
human, physical, financial, and social capital deter-
mine the livelihood of households (Scoones, 1998),
and the livelihood of rural poor households is closely
related to their material well-being (Soltani et al.
2012).The questionnaire was designed to collect
information including natural characteristics, basic
household information, household economic charac-
teristics and locational context. We used both regional
ESs (see Sect. 3.3) and household-level ESs to repre-
sent natural characteristics. In the questionnaire, we
collected three household-level ESs, i.e., household
income from farming and tourism to represent real-
ized provisioning and cultural services, respectively.
In addition, whether the households were financially
protected from natural disasters was used to repre-
sent the realization of regulating services, because
exposure to natural disasters (e.g., drought) is closely
related to household poverty alleviation (Adams et al.
2020). The three benefits from ESs were selected fol-
lowing three criteria. First, the selected ESs can be
represented by monetary terms because our pre-sur-
vey found local poor people with low-level education
have difficulty in expressing the non-financial ben-
efits of ESs quantitatively. Second, the selected ESs
can represent multiple categories of ESs, including
provisioning, regulating and cultural services. Third,
the sleeted ESs were found to be important drivers of
local residents’ wellbeing (Huang et al. 2020).

Basic household information include household
labor availability (Soltani et al. 2012), age of house-
hold head (Nguyen et al. 2015), highest education
level in a household (Fang et al. 2014), and propor-
tion of employed individuals. In addition, household
economic characteristics were collected to represent
material and financial capital, which are also impor-
tant for livelihood and poverty alleviation (Fisher
et al. 2014). Specifically, we obtained area of land
(Soltani et al. 2012), household expenditures (total
expenditures and medical, education, and operating
expenditures), loans (Jiao et al. 2017), and the pro-
portion of durable goods at the household level (Qian
et al. 2017). Household locational context refers to
the ability to obtain resources and enhance livelihood
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security, which is important for overcoming a range
of dilemmas and collective-action problems sur-
rounding natural resources (Ostrom, 2001). We use
the travel time to the local town center (Soltani et al.
2012) and the frequency of visiting market fairs to
demonstrate locational context.

Since this watershed has eight national-level poor
counties and many national attractions/ historical
sites, we selected three counties which has at least
one national-level tourist attraction. To analyze the
roles of cultural services in poverty alleviation, we
further selected a pair of villages in each chosen
county. One is adjacent to the tourist attraction and
the other is slightly away, about 15 km away from it.
Then, households were randomly sampled accord-
ing to the amount of total households and the offi-
cial records of poor households (i.e., poor people
with official poverty cards). The number of sampled
households was determined following the formula
proposed by Yamane (1967). Finally, a total of 110
households were selected from 1,477 rural house-
holds for interviews (Appendix Table S6-S7). After
eliminating incomplete answers, our sample included
103 valid surveys, with a response rate of 93.6%.

We used semi-structured interviews to collect
information from the sampled households. This
method was based on the preset theme and outline of
the interview, and interviewers recorded the whole
process. We conducted a one-week pre-survey in July
2019. In the pre-survey, we mainly interviewed local
government officials (county poverty alleviation offi-
cials), and revised the questionnaire based on their
feedback. After that, we conducted formal surveys
from July to August in 2019. Each household inter-
view lasted about one hour.

Classifying household type

To understand the differentiating roles of ES in pov-
erty alleviation among rural households in the water-
shed, we classified the sampled households into three
types. We divided the households into three types
(i.e., households in poverty, household prone to fall
into poverty, and better-off households) instead of two
types (households in or out of poverty) because previ-
ous studies found that some rural households may fall
back to poverty and need ecosystem service function-
ing as a safety net to prevent the poverty trap (TEEB,
2010; Stringer et al. 2012; Marshall et al. 2018).

@ Springer

The main criterion for the classification was house-
hold-level annual net income because income was the
most commonly used indicator for measuring abso-
lIute poverty (United Nations, 2015). Type I house-
holds (referred as poverty-stricken households in this
study) are registered poor households. China has cre-
ated a national registration system (i.e., National Pov-
erty Alleviation Information System of China) since
2014 (Liu et al. 2017). The registered poor house-
holds live under national poverty line (annual net
income of 3747 RMB in 2019, or approximately 543
USD at the exchange rate of 6.899), and illness and
chronic/serious diseases are the main reason for them
living becoming impoverished (Liu and Idris, 2019).
We collected 35 Type I households during the field
trip. Type II households (referred as below-average
households) are rural households with annual net
income below the average value at the county scale
(i.e., 9334 RMB or 1353 USD for Laishui County,
6863 RMB or 995 USD for Laiyuan County, and
8358 RMB or 1211 USD for Yi County in 2018). We
collected 36 Type II households during the survey.
Type III household (referred as better-off household)
has an annual net income above its county’s average
income. There were 32 households belonging to this
type.

To test whether the three types of households were
statistically different, we further conducted non-par-
ametric tests to compare the differences in the three
types of households for their characteristics. Because
most variables for these households neither fit the
normal distribution, nor show heterogeneity of vari-
ance (Appendix Table S1), we used the non-paramet-
ric tests. To be specific, we used the Mann—Whitney
U test to compare the household differences between
a pair of household types (e.g., Type I households
versus Type II households), and the Kurskal-Wallis H
test to compare the differences among the three types
of households.

Analyzing the roles of ES in poverty alleviation
among households

As the dependent variables (e.g., the type of house-
hold) in this study are discrete and mutually exclu-
sive, we tested whether the ordered logit model or the
MNL should be used in this study. The test of paral-
lel lines showed that the ordered logit model did not
meet the proportional odds assumption (Appendix
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Table S2), and therefore, we used the MNL to under-
stand the roles of ESs in poverty alleviation among
different types of households following a previous
study by Wang et al. (2019). The establishment of
the MNL model requires setting a reference group
and then compares the reference groups with other
groups to figure out the factors that affect poverty
alleviation among different types of households. The
MNL model based on different household types can
be expressed as,

_ PGy =k al
logit(y) = In [%] =aq,+ nz:; B,

where k is the type of households, x, is the factor
influencing household type, a; is a constant, and fy,
is the estimated coefficient corresponding to n kinds
of influential factors of k households. By calculat-
ing relative risk ratio (RRR), the model can quantify
the ratio of the probability of the result (dependent
variable) caused by exposure to a certain risks (inde-
pendent variable) in the reference group (Eltinge and
Sribey, 1997).

For independent variables, we considered regional
ESs (seven variables) and household-level character-
istics (16 variables) to explore which combination
of household characteristics and ES is more likely to
increase the probability of farmers falling into pov-
erty, and quantify the degree of such risk. In terms of
regional ESs, we calculated seven services at the vil-
lage scale as previous studies found they were essen-
tial for this region’s sustainability (Bai et al. 2013a,
b; Meng et al. 2020). The seven services included
two provisioning services, i.e., food supply (Xie et al.
2014), freshwater supply (Redhead et al. 2016), two
regulating service, i.e., carbon storage (Sharp et al.
2015), water retention (Yang et al. 2015), one sup-
porting service, i.e., habitat quality (Sharp et al.
2015), and two cultural services, i.e., recreational
service (Meng et al. 2020) and aesthetic service
(Nahuelhual et al. 2013). The methods and maps of
the seven services are provided in the supplementary
file (Appendix Table S3, Figure S1). Since quantify-
ing most of these regional ESs used the land cover
map as input, these regional ESs can reflect landscape
pattern to some extent. For example, a high food sup-
ply value at the regional (village) scale suggests a
cropland dominant landscape. In terms of household-
level characteristics, we included three ES benefits,

four demographic features, seven economic variables,
and two locational factors (Table 1). For the three
household-level ES benefits, only monetary benefit
from provisioning service (e.g. growing crops) was
related to household-level landscape pattern. The two
remaining benefits (i.e., the monetary loss from natu-
ral disaster and monetary benefit from participating
tourism-related work) were not related to household-
level landscape pattern.

In addition, we used the Pearson Correlation Coef-
ficient (PCC) and Tolerance and Variance Inflation
Factor (VIF) to test for multicollinearity. The results
showed that the PCC among the pairs of independ-
ent variables could reach up to 0.99 (Appendix
Table S4), the tolerance of five variables (carbon stor-
age, water retention, habitat quality, recreational ser-
vice and aesthetic service) were below 0.1. According
to the above results, the five variables were excluded
for multicollinearity. After the multicollinearity test,
we conducted the likelihood ratio test to examine
whether the remaining independent variables were
associated with the dependent variable (household
type). Only seven variables (i.e., regional food supply,
household-level cultural service, the highest educa-
tion level, medical expenditure portion, educational
expenditure portion, loan, and travel time to local
town center) passed the test and were included in the
MNL analysis (Appendix Table S5). SPSS 20.0 and
Statal3.0 were used for measurement and statistical
analysis.

Results

Characteristics of respondents and residents in the
watershed

The characteristics of respondents were generally
consistent with the overall demographic features of
residents in the watershed (Table 2). According to
the survey data, the average labor availability (over
16 years old) in the surveyed households was 2.88,
which was close to the average number (2.72) in the
watershed. Most of the sampled households (68.9%
of total samples) had an education background of
primary and junior high school, which was slightly
below than that (80.1% of total population) in the
study area. The proportion of employed individuals
in a household, land area, per capita net income, per
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Table 1 Variables used for the multinomial logit model (N =103)

Type

Variable

Description

Mean

Standard deviation Min

Max

Regional ecosystem
service®

Household-level ecosys-
tem service

Food supply

Freshwater supply

Carbon storage

Water retention

Habitat quality

Recreational service

Aesthetic service

Provisioning services

Regulating services

Cultural services

Food provided by crop-
land, grassland and
water area together

Precipitation minus
water retention by
vegetation and soil

Carbon stored in above-
ground and below-
ground vegetation,
as well as in soil and
organic litter

Water intercepted by
different land use types
by precipitation and
soil infiltration

Ability of ecosystem to
provide habitats for
various species

Kernel density of the
points of interests
including parks, green
spaces, and play-
grounds

Road accessibility to
points of interests
including parks, green
spaces, and play-
grounds

Income from growing
crops or cash crops in
the past year (RMB
yuan)

The impact of drought,
hail, extreme precipita-
tion, and sandstorms
on households (have
no impact=0; have
impact=1)

Income earned from
tourism-related work
in the past year, such
as operating shops and
selling specialty prod-
ucts (RMB yuan)

0.64

0.61

0.68

0.29

0.58

0.02

0.29

1149.81

0.65

24,182.04 57,866.89

0.07 0.73

0.02 0.65

0.05 0.72

0.06 0.37

0.02 0.61

0.00 0.02

0.16 0.41

2526.92 0.00

0.48 0.00

0.00

0.56

0.58

0.61

0.23

0.56

0.01

0.08

15,000.00

1.00

400,000.00
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Table 1 (continued)

Type

Variable

Description

Mean

Standard deviation Min

Max

Demographic

Economic

Household labor avail-
ability

Proportion of employed
individuals

Age of household head

The highest education
level in the household

Area of land

Medical expenditure
portion

Operating expenditure
portion

Education expenditure
portion

Loans

Proportion of durable
goods

The number of persons
in the household over
the age of 16

Number of people work-
ing/total household
labor availability (%)

The age of the head of
the household (years)

The highest level of
education among fam-
ily members (unedu-
cated=1; primary
school =2; junior high
school =3; senior high
school =4; college and
above =15)

The total area of
cropland and forest-
land owned by the
household, excluding
leased and abandoned
land (m?)

Proportion of medical
expenditures to total
expenditures in the
past year

Proportion of operating
expenditures to total
expenditures in the
past year

Proportion of educa-
tional expenditures to
total expenditures in
the past year

Has the family had any
loans in the past year,
including marketing
cooperative loans,
short-term agricultural
loans, commercial
housing loans, and
private loans, etc.

(no loan=0; have a
loan=1)

Number of durable
goods owned by the
household/Total of 12
assets from list (see
Appendix Table S6, %)

2.88

0.52

56.96

3.43

1446.67

0.45

0.42

0.08

0.26

0.17

1.50

0.40

14.25

1.30

2126.67

0.44

0.46

0.27

0.44

0.37

1.00

0.00

29.00

1.00

0.00

0.00

0.00

0.00

0.00

0.00

8.00

1.00

91.00

5.00

20,000.00

1.00

0.99

1.00

1.00

1.00
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Table 1 (continued)

Type Variable Description Mean Standard deviation Min Max
Locational context Travel time to local town Average travel time from 22.15 5.00 35.00
center home to local town
center (min)
Frequency of going to Frequency of family 3.10 0.00 30.00

market fairs members attending
market fairs in the
local town center each

month (times)

#Regional ecosystem services are normalized by the maximum and minimum values of this basin, therefore, the values are between 0

and 1 and unitless

Table 2 Characteristics of the respondents and residents in the watershed

Type Characteristics of respondents
Number (proportion)

Characteristics of residents?
Number (proportion)

Mean household labor availability 2.88 2.72

Mean proportion of employed individuals 52.6% 53.4%

The education level of the household

Uneducated 15 (14.6%) 9.36x 10* (7.8%)
Primary school 37 (35.9%) 42.35%10* (35.3%)
Junior high school 34 (33.0%) 53.74x 10* (44.8%)
Senior high school 15 (14.6%) 10.32x 10* (8.6%)
College and above 2 (1.9%) 4.20%10* (3.5%)
Average area of land (m?) 1446.67 1360.00

Per capita income (RMB yuan) 14,553.20 15,121.94

Per capita consumption expenditures (RMB yuan) 7502.44 9798.28

Per capita education expenditures (RMB yuan) 2216.57 1014.12

Per capita medical expenditures (RMB yuan) 1427.54 1257

“Data on characteristics of residents were collected from the China Rural Poverty Monitoring Report in 2019 and the Hebei Rural
Statistical Yearbook in 2018, including all rural residents in Laiyuan County, Laishui County and Yi County. Among them, the mean
household labor availability in the watershed is calculated according to the total number of household members and the dependency

ratio

capita consumption and per capita medical expendi-
tures of the surveyed households were also consist-
ent with the overall values of residents in the water-
shed. The education expenditures in the sampled
households were higher than the regional average,
probably because respondents added living expenses
such as boarding and lodging costs into the education
expenses of their children during the interview.

Different groups of households in the watershed
The three groups of households exhibited clear dif-

ferences in household-level ES, demographic, and
socioeconomic characteristics (Fig. 2). In terms of
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household ES, provisioning services and cultural
services increased sequentially from Type I to Type
IIT households, while regulating services were the
highest in the Type II households and the lowest in
the Type III households (Fig. 2a). Although both
the Type I and Type II households were dominated
by farmers, Type II households had higher income
from provisioning services. In terms of household
demographic, the labor availability and proportion
of employed individuals in a household increased
sequentially from the Type I to Type III households,
while the age of household head declined (Fig. 2b).
The Type I households had the lowest level of educa-
tion, and the Type II households had a slight lower
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Fig. 2 The characteristic of the three types of households. a Ecosystem services; b demographic and locational features; ¢ expendi-

ture status; (d) non-expenditure status

level of education to that of the Type III households.
In terms of locational context, the Type II and Type
IIT households were closer to the town center than the
Type I households, which was conducive to activities
other than farming (Fig. 2b). In terms of economic
characteristics, total expenditures, education expen-
ditures and operating expenditures increased sequen-
tially from the Type I to Type III households, whereas
Type III households’ medical expenditures were high-
est (Fig. 2¢). It can be seen from the absolute amounts
and proportions of medical expenditures that there
was a certain proportion of households in poverty
due to diseases. In addition, Type I households had
the least amount of land area. Among the three types
of households, because the management of cropland
and forestland asks for a certain amount of household
labor, the poor households who did not have enough
labor often chose to transfer or rent the land at a low
price. The proportion of households with loans was
the highest for the Type III households and lowest for
the Type II households (Fig. 2d).

The Mann—-Whitney U and the Kruskal-Wal-
lis H tests confirmed that the differences among the
three sampled households (Type I: poverty-stricken

households; Type II: below-average households; and
Type III: better-off households) were statistically sig-
nificant. The differences for household-level cultural
services, demographic features, and total expendi-
tures are statistically significant between each pair of
household types, as well as the three types of house-
holds (Table 3). It indicates that it is appropriate to
divide the sampled households into these three groups
and explore the varying roles of ESs on poverty alle-
viations among the three groups of households.
Among them, the heads of poverty-stricken house-
holds were mainly unemployed and farmers (82.9%
of households) who claimed that they were barely
affected by tourist attractions and had the lowest total
expenditures. The average per capita income of the
poverty-stricken households was 3696 RMB yuan
(equivalent to 535 USD), which was below China’s
rural poverty line of 3747 RMB yuan in 2019. The
heads of below-average households were mainly
farmers and wage laborer (52.8%) who claimed that
they were moderately affected by tourist attractions.
The per capita income of the below-average house-
holds was 9327.8 RMB yuan (US$1,352), which
exceeded the 2019 rural poverty line. The heads of
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Table 3 Difference tests for the characteristics of the three types of households

Variables Type I vs. Type I Type I vs. Type Il Type Il vs. Type Il Type I vs.
Type II vs.
Type 111
Household-level Provisioning services 0.617 0.006%* 0.006%* 0.010*
ecosystem ser- Regulating services 0.041* 0.152 0.569 0.102
viees Cultural services 0.022% 0.000%* 0.0017% 0.000%*
Demographic Household labor availability 0.000%* 0.000%* 0.232 0.000%*
Proportion of employed individu-  0.003** 0.000%* 0.028%* 0.000%**
als
Age of household head 0.006** 0.000%* 0.008** 0.000%*
The highest education level in the ~ 0.000%* 0.000%* 0.041* 0.000%*
household
Economic Area of land 0.059 0.083 0.506 0.101
Medical expenditure portion 0.007%* 0.008%*%* 0.932 0.006%*
Operating expenditure portion 0.553 0.030%* 0.079 0.040%*
Education expenditure portion 0.015% 0.000%%* 0.012%* 0.000%%*
Loans 0.949 0.300 0.268 0.452
Locational context Proportion of durable goods 0.002%* 0.001%%* 0.777 0.001%%*
Travel time to local town center 0.009%*%* 0.004** 0.382 0.006%*

The Mann—Whitney U test was conducted for each pair of household types; and the Kruskal-Wallis H test was conducted among the
three household types. * and ** denote the significance level at 0.05 and 0.01, respectively

better-off households were mainly businessmen and
farmers (90.7%) who claimed that they were greatly
affected by tourist attractions. The total expenditure
and the proportion of non-agricultural income in bet-
ter-off households were substantially higher than the
amounts in the other two groups of households. The
per capita income of the better-off households was
31,099.4 RMB yuan (US$4,508).

Results of the multinomial logit model
Factors associated with households out of poverty

In terms of ES, only one regional ecosystem service,
food supply had a significant positive impact on the
transition from Type I (poverty-stricken) households
to Type II (below-average) households, which was
significant at the 0.1 level (Table 4). The regression
coefficient for the impact of food supply on household
type was 14.19, and the relative risk ratio was larger
than 1. It indicated that the probability of the house-
holds who live in a village with a higher level of food
supply falling into poverty was substantially greater
that of households living in other counties. In the sur-
vey, we also found that households living in counties

@ Springer

which highly depend on primary industry (i.e., agri-
cultural products) for income expressed their frustra-
tions in increasing their income by selling agricultural
products. This is also in line with previous findings
in China that rural households were prone to fall into
poverty if they strongly relied on agricultural income
and lacked off-farm income for livelihood diversifica-
tion (Démurger et al. 2010; Liu and Lan, 2015). For
household-level ES, we did not find the selected three
ESs were associated with household out of poverty.

For household demographic features, the educa-
tion level significantly affected poverty alleviation
(Table 4). Among the five education levels, we found
that it would be the most difficult to get out of poverty
when the household’s highest education was primary
school or below. The relative risk ratio for a house-
hold with an education level of primary school or
below was more than 37 times greater than that for a
household with an education level of junior high mid-
dle school and above. These households with a low
education level do not possess the ability to engage
in jobs which require professional knowledge and
techniques, and have limited means to increase their
incomes.
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Table 4 Factors influencing different types of households in Baiyangdian watershed

Variable

Between type II and type I

Between type II and type III

Coefficient Relative risk ratio (RRR)

Coefficient Relative risk ratio (RRR)

Ecosystem services

Food supply (regional) 14.193*
(7.344)
Cultural services (household-level) -0.110 0.896
(0.106)
Demographic
The highest education level in the household
Uneducated 4.210%*
(1.563)
Primary school 3.636%*
(1.288)
Junior high school 1.629 5.098
(1.148)
Senior high school —-0.930 0.395
(1.165)
College and above _ _
Economic
Medical expenditure portion 1.933%* 6.910
(0.903)
Educational expenditure portion 0.514 1.671
(1.065)
Loans _ _
No loans —2.076* 0.125
(0.944)
Having loans _ _
Locational context
Travel time to local town center 1.789% 5984
(0.792)

67.332

37.933

1,459,279.489 —3.627 0.027

(5.790)

0.189%* 1.208
(0.065)

-17.215
(7626.348)

~0.806 0.446
(0.767)

—0.226 0.798
(0.744)

1.594* 4.921
(0.871)

2207%% 9269
(0.832)

—0.425 0.654
(0.676)

—0.146 0.864
(0.474)

#k k + denote the statistical significance levels of 0.01, 0.05 and 0.1 respectively; Values in the brackets represent the robust stand-
ard error. Likelihood ratio test for model significance, X2(20) 97.015, P> X2 =0.0000

For economic characteristics, an increase in
proportion of medical expenditure to total expen-
ditures was positively related to remaining in pov-
erty (p<0.05). In addition, not having a loan had
a significant negative impact on the transition of
households from type I to type II (p<0.05), and
the probability of falling into poverty for house-
holds without loans was only 0.13 times that of
those with loans. In other words, poor households
having chronic diseases and a loan were harder to
get out of poverty than those without loans. For
locational context features, the increase in travel
time to the local town center had a significant posi-
tive association with falling into poverty (p <0.05).

Among them, the probability of falling into poverty
for households living far away from the local town
center was nearly 6 times higher than those who
live close to the local town center.

Factors associated with households becoming
better-off

In terms of ESs, an increase in household-level ben-
efits from cultural services had a significant positive
effect on households moving to the better-off group,
which was significant at the 0.01 level (Table 4). The
regression coefficient of the impact of cultural ser-
vices on household type was 0.19, and the relative
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risk ratio was 1.21. In other words, compared to
households with low monetary benefits from cultural
services, households with high monetary benefits
from cultural services were more likely to be Type
III households. For poor local households, tourism is
a cultural service that can increase their income and
help them meet their basic material needs (Daw et al.
2011). For example, we found in interviews that gains
from tourism not only predicted an increase in mon-
etary income but also potentially provide employ-
ment opportunities, reduced environmental impacts
(e.g., logging) and improved infrastructure. In terms
of regional ESs, food supply was not significantly
associated with the transition from Type II to Type III
households statistically.

For household economic characteristics, an
increase in proportion of educational expenditures
to total expenditures had a significant positive effect
on the transition of households from Type II to Type
IIT (p<0.01). The probability of further improve-
ment in well-being for Type II households with high
level of educational expenditures increased by more
than 9 times. In other words, households spent a large
portion of total expenditures on education were less
likely to fall back to poverty than their counterparts.
No statistically significant association was established
between education levels and household becoming
better-off. For locational context characteristics, an
increase in travel time to local town center would not
have a significant impact on the transition of house-
holds from Type II to Type III (p>0.1).

Discussion

Unique linkages between ES and poverty alleviation
in urbanizing watersheds

Current research on ES and poverty mainly focus
on provisioning services and their impacts on two
dimensions of poverty: income/assets, and food/nutri-
tion (Fisher et al. 2013). These studies have provided
increasing evidence that ES contributes to human
well-being, and poor people with a single source of
livelihood are strongly dependent on ES. However,
the effects of ES on poverty alleviation vary across
scales, and such multiscale effects have not been
fully understood, especially via quantitatively empiri-
cal studies. In this study, we included both regional
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ESs and household-level benefits from ESs to exam-
ine the varying roles of ESs on poverty alleviation,
and we also considered the differences in household
endowments in investigating such nuanced linkages.
Some of our findings are in line with previous conclu-
sions, while others contribute new knowledge on the
relationships between ES and poverty alleviation in
urbanizing watersheds (Table 5).

For the linkage between the provisioning services
and poverty alleviation, we found a unique linkage,
which is different from previous findings conducted
in areas with few human activities (e.g., protected
areas and remote areas). Previous studies believed
that household-level provisioning services were con-
ductive to reducing poverty and improving the well-
being of the poor (Sandhu et al. 2014; Zheng et al.
2019). However, we found that in the urbanizing
Baiyangdian watershed, household-level provision-
ing services did not have significant effects on reduc-
ing poverty for poor households. This is partly due
to our definition of poverty-stricken households (i.e.,
registered poor household living under the poverty
line), because most of these households have chronic/
serious diseases or physical/mental disabilities, and
therefore, live on government subsidies and cannot
engage in agricultural and off-farm work. An alter-
native explanation is that household-level provision-
ing services can only help poor households maintain
their livelihoods or prevent them from sliding further
into poverty (Barrett et al. 2011). In other words, poor
households usually only use the monetary benefit
from provisioning services to maintain their origi-
nal consumption levels (WRI, 2005), and have less
access to cash crop or need to invest more time in
food crops than the households living above the pov-
erty line. Household-level food supply for these regis-
tered poor households are less for markets and more
for subsistence purposes. In addition, we found that
regional food supply had a negative impact on pov-
erty alleviation. That is because those registered poor
households were living in counties in the upstream
of the basin, which largely depended on the primary
industry for livelihood. The poor households neither
possessed the endowments to conduct alternative
non-agricultural livelihood nor mastered the skills to
diversify their incomes (Démurger et al. 2010; Liu
and Lan, 2015). Therefore, the village-level food sup-
ply is negatively associated with poverty alleviation.
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Table 5 Comparison of the relationship between ecosystem services and poverty alleviation in the studied urbanizing watershed and

previous studies

Ecosystem services

Previous findings on the relation-
ship between ecosystem services
and the poor

Previous findings on the effect of
ecosystem services on poverty
alleviation

Findings in the urbanizing water-
shed of this study

Provisioning services

Cultural services

The supply of natural products is
important in helping poor rural
households meet their cash needs
(Fisher,2004)

Agricultural and forest landscapes
can be a sanctuary for biological
and cultural diversity for poor
people (Barthel et al. 2013)

The supply of natural products
can improve the livelihoods and
incomes of the poor and prevent
them from falling into poverty
(Scherr et al. 2004)

Provisioning services had little
effect on reducing poverty, and
reliance on provisioning services
has reduced the possibility of
asset accumulation and liveli-
hood diversification, forming
a "poverty trap” (Barrett et al.
2011)

The privatization of public
resources deprives the poor’s
access to ecosystem cultural
services (WRI 2005). Ignoring
the differences in the impact of
cultural services on different
households may further fuel
poverty (Lade et al. 2017)

Household-level provision-
ing services did not have a
significant effect on poverty
alleviation. The lack of human,
economic and social capital in
poverty-stricken households
prevented them from using
provisioning services as a means
to increase income and get out
of poverty

Regional (village-level) food
supply was negatively associ-
ated with poverty alleviation.
Poor households did not have
the assets and skills to diversify
their livelihood strategies

Cultural services did not show
a significant effect on poverty
alleviation but can improve
the well-being of better-off
households. The inability of
households to benefit from
cultural services is related to the
lack of human, economic and
social capital (e.g., inadequate
manpower and savings, too far
from the local town center), and
these households lost investment
opportunities and locational
advantages

Such findings contribute to our understanding and
practice of landscape sustainability science at least in
three ways. First, our findings can help answer one of
the core research questions of landscape sustainabil-
ity science, i.e., how socioeconomic processes and
institutions affect the landscape pattern-ecosystem
services-human wellbeing relationship (Wu 2021).
We found that cropland dominant landscape at the
village level (landscape pattern) and related food
supply (ecosystem service) were not beneficial for
poverty alleviation (human well-being), because the
poor households living in these villages usually could
not get access to other forms of income. Second, we
argued that confirming there was no relationship
between landscape pattern (and related ecosystem
service) and poverty status at household level would
also contribute to the above core research question

of landscape sustainability science. We found at the
household level, income for growing cropland was not
associated with poverty alleviation in a statistically
significant way. Regardless of how rural households
changes their landscape pattern for growing crop, the
income from cropland did not play a key role in pov-
erty alleviation. In other words, changing household-
level landscape pattern would not be a priority for
forming targeted poverty alleviation in this studied
area. Third, our findings also confirmed the impor-
tance of differentiating the impacts of regional ESs
and household-level ESs on poverty alleviation when
exploring the connections between ESs and human
well-beings. It echoes with the principle of landscape
sustainability science that the complex linkages of
landscape pattern-ecosystem service-human welling
should be explored in a specific environmental and
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socioeconomic context (Forman 2008; Liao et al.
2020; Wu 2021).

In terms of cultural services, we found that pov-
erty-stricken households could hardly rely on them
to escape poverty. Nevertheless, the increase in cul-
tural services was conducive to further improving the
well-being of households who are above the poverty
line. Our results showed that the probability of further
improving the well-being of households with high
cultural services was 1.2 times those with low cul-
tural services. It suggested that financial assets played
an important role in escaping the poverty trap. In our
interview, we found that some registered poor failed
to benefit from local tourism-based poverty allevia-
tion policies as they did not possess the financial and
demographic advantages to realize the ES. Engaging
in rural tourism or selling local specialties requires
the household to invest in assets at an early stage, but
poor households usually lived far from local markets
and their low level of education would lead to a less
competitive position propagating and selling goods
compared to affluent households. Therefore, provid-
ing financial supports (Zhao and Xia, 2020) and edu-
cation chances (Knight et al. 2009) for these poor
household would be crucial for them accumulating
assets and skills to escape the poverty trap.

Our study also emphasized that the process of
urbanization plays an unique role in the relationship
between ecosystem services and poverty allevia-
tion. First, some households living close to nearby
cities (e.g., Baoding) rented out the farmland and
started to do off-farm jobs (e.g., couriers) in the cit-
ies. In other words, urbanization provides opportu-
nities for rural residents to work in cities and diver-
sify their income composition. Such trend was also
widely found in other places of China (Liu and Liu,
2016). Second, a few households in our study area
were used to be migrant workers in cities of the east
coast of China. After accumulating the initial capital
to start their own businesses, they went back to the
hometown to started Nongjiale (i.e., a form of rural
tourism providing rustic food and lodging for visitors,
see Su 2013) hosting urbanite guests who wanted to
experience countryside or visit local attractions (e.g.,
Yeshanpo Mountain and Langya Mountain). Urbani-
zation enables these households to convert cultural
services provided by local attractions to monetary
benefits. However, they also expressed their con-
cerns on the pandemics and its impacts on tourism.
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Third, urbanization also attracted private enterprises
to invest in tourism. When we conducted the survey
in Yixian county (Fig. 1), we found that a private
enterprise, Zhongkai Group, has constructed a four-
star hotel, as well as a flower industrial park in the
Langya Mountain Scenery Area, which offer vari-
ous job opportunities for local rural households. The
investment brought by urbanization could help rural
households to get a stable income from provisioning
and cultural services.

Policy implications

Considering the variations in household character-
istics and their impacts on poverty alleviation in the
decision-making process can help policymakers form
place-based and context-specific solutions (Wu 2021)
to avoid unintended consequences and further mar-
ginalization of poor households. Since 2000, a series
of policies, such as the Natural Forest Conserva-
tion Program, Grain-for-Green Program and tourism
development, have brought increasing non-agricul-
tural income to households in relatively poor areas
of urbanizing watersheds. However, the total amount
of income varies greatly at the household level. It
is imperative to adjust policies based on increasing
understandings on linkages between ES and poverty
alleviation.

First, incorporating differences among households
into policy-making and forming policies favorable
for households in poverty is important for promoting
sustainable development (Walelign, 2015). In a typi-
cal urbanizing watershed with rich tourism resources,
the unequal distribution of the benefits of ecosystem
cultural services between poor and better-off house-
holds may further increase their socioeconomic gaps
through tourism-based poverty alleviation policies.
While retaining the development of tourism could
contribute to the regional economy and employment
in the watershed, the differences in benefits to vari-
ous local households should also be considered. For
example, providing favorable policies for households
under the poverty line could help them overcome
their limitations in labor availability, economic status,
and social status to participate in tourism and promote
environmental justice in watershed development.
Specifically, favorable policies should be designed to
encourage them to relocate closer to tourist facilities



Landsc Ecol (2022) 37:1673-1692

1689

and provide free training or microcredit to increase
their involvement in tourism.

Second, preferential policies can be designed for
households just above the poverty line to encourage
them to diversify livelihoods and stabilize household
income that is likely to be affected by pandemics.
Through strategies such as risk aversion and risk shar-
ing, various types of households can improve their
ability to cope with pandemics and reduce the risk of
returning to poverty. In addition, because the selected
three counties are located on the upper reaches of
the basin, the rural households living therefore had
to restrict the anthropogenic pressures exerted on
this region. Consequently, some households further
lost certain means diversifying livelihoods. From the
perspective of watershed management, payments for
ecological conservation or ESs from urban dwell-
ers living in the lower reaches of this basin could
be adopted to guarantee the well-beings of the rural
households living in the upper reaches (Bulte et al.
2008; Tang et al. 2012).

Future prospects

In the context of landscape sustainability science, this
paper adopted a multinomial logit model to investi-
gate the roles of multiple ESs in poverty alleviation
among different groups of households in urbanizing
watersheds. The results would be beneficial for tar-
geted policies to reduce poverty, but this study still
has some limitations. First, we were not able to col-
lect the realized benefits of some ecosystem services
that were also important for local environmental con-
dition (such as water and air pollution), because local
residents cannot report them as a momentary unit.
Therefore, some nonmaterial or nonmarket benefits
derived from certain ESs should be included in the
future, for example, medical expenditure due to the
prevalence of respiratory diseases. Second, we only
considered the impact of natural disasters as a proxy
for regulating services. Other regulating service indi-
cators (e.g., soil erosion, water quality regulation, and
carbon storage) that are difficult to quantify and dif-
ferentiate via questionnaire were not included in the
analysis. Therefore, the established linkages between
regulating service and poverty alleviation may not be
comparable to other studies using alternative proxies
for regulating services.

In the future, our research can be improved in the
following ways. For example, mixed methods can be
used to qualitatively and quantitatively evaluate the
material and nonmaterial values of ESs. In addition,
high-resolution remote sensing data can be used to
quantify a range of ES indicators at the household
level, which is helpful for linking the relationship
between various ESs and poverty alleviation at the
fine spatial scale (Watmough et al. 2019).

Conclusions

Unique linkages between ESs and poverty allevia-
tion can be found in rapidly urbanizing watersheds.
The case study in the Baiyangdian watershed found
that household-level provisioning services and cul-
tural services did not have a significant effect on pov-
erty alleviation for rural households, while regional
(village-level) food supply was negatively associated
with poverty alleviation. Our findings reveal that
rural poor householding living in cropland dominant
landscape should find alternative ways other than
crop cultivation to increase their income and escape
poverty. It also indicates that it is crucial to differenti-
ate the impacts of ES on poverty alleviation between
landscape level and household level.

Differences in household endowments can largely
explain the divergent linkage between ESs and pov-
erty alleviation in urbanizing watersheds. As the
poor households were disadvantaged in terms of
labor availability and socioeconomic status, most of
them cannot rely on income from provisioning ser-
vices and cultural services to reduce poverty but only
to maintain their basic living needs. In contrast, the
better-off households had additional labor forces and
financial support to transfer cultural services to their
incomes. The probability of further improving their
well-being was approximately 1.2 times that of aver-
age households.

Our findings higlight that differences in household
characteristics and the varying roles of ESs in pov-
erty alleviation among different types of households
should be considered when formulating targeted
poverty alleviation policies. On the one hand, it is
imperative to provide financial support and skill train-
ing to poverty-stricken households to escape poverty.
On the other hand, preferential policies toward poor
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households should be designed when allocating the
benefits of cultural services.
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