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ABSTRACT

The goal of China’s sloping land conversion programme (SLCP) is to combat soil erosion and to reduce rural poverty. An ex-ante assessment
of possible SLCP impacts was conducted with a focus on rural sustainability, taking the drought-prone region of Guyuan in Western China as an
example. The Framework for Participatory Impact Assessment (FoPIA) was used to conduct two complementary impact assessments, one
assessing SLCP impacts at regional level and a second one assessing alternative forest management options, to explore possible trade-offs among
the economic, social and environmental dimensions of sustainability. Regional stakeholders assessed the SLCP to be capable of reducing soil
erosion but felt it negatively affected rural employment, and a further continuation of the Programme was advocated. Assessment of three forest
management scenarios by scientists showed that an orientation towards energy forests is potentially beneficial to all three sustainability dimen-
sions. Ecological forests had disproportionate positive impacts on environmental functions and adverse impact on the other two sustainability
dimensions. Economic forests were assessed to serve primarily the economic and social sustainability dimensions, while environmental impacts
were still tolerable. The FoPIA results were evaluated against the available literature on the SLCP. Overall, the assessment results appeared to be
reasonable, but the results of the regional stakeholders appeared to be too optimistic compared with the more critical assessment of the scientists.
The SLCP seems to have the potential to tackle soil erosion but requires integrated forest management to minimize the risk of water stress while
contributing to economic and social benefits in Guyuan. Copyright © 2012 John Wiley & Sons, Ltd.
keywords: land conversion; land use; afforestation; land use functions; Grain forGreen Project; ex-ante impact assessment; sustainable development; stakeholder participation
INTRODUCTION

The remote and less-developed region of Guyuan in Western
China is threatened by vast soil erosion and land degradation
problems due to fragile soils, droughts and increasing con-
sumption of natural resources by a growing population. The
impact of land conversion programmes on rural sustainability
in such a problematic area is of particular interest, the infor-
mation has the potential to help avoid a further worsening
of undesired development trends.
In 1999, the Chinese government initiated the nationwide

sloping land conversion programme (SLCP), also known as
the ‘Grain for Green Project’ to tackle this problem (Xu
et al., 2004). The programme was implemented by convert-
ing crop production on erosion prone land with steep slopes
into forests and grassland in large parts of the upper Yellow
and the Yangtze River basins (Xu et al., 2006). Besides
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having the major goal of reducing land degradation, the SLCP
also aimed at alleviating rural poverty and at stimulating
economic development in rural regions (Bennett, 2008;
Grosjean and Kontoleon, 2009). Cropland on slopes steeper
than 25 degrees was intended to be converted into ‘ecological
forests’ (with primary ecological functions) and grassland,
whereas cropland on slopes between 15 and 25 degrees was
intended to be converted into ‘economic forests’ or grassland
including fruit orchards and timber plantations (Weyerhaeuser
et al., 2005; Ye et al., 2003). Between 2000 and 2009, 4�8
per cent of the cropland was been converted into forest land
in Guyuan, according to regional experts. Between 2010 and
2016, an additional 3�4 per cent of cropland will be retired
and used for afforestation purposes.
Farmers affected by the programme are supposed to

receive compensation as cash (300Yuan per ha) and grains
(1500 kg per ha) (Bennett, 2008). Financial compensation
is provided for varying duration, depending on the type of
conversion: 2 years for conversion into grassland, 5 years
for conversion into economic forests, and for a maximum
8 years for conversion into ecological forests.
The SLCP has widely been recognized as being effective

in terms of land conversion efforts with a total size of
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146 000 square kilometres of cropland being converted at
national level between 1999 and 2010 (Yin and Yin,
2010). Several studies have attempted to evaluate the SLCP,
for example, related to food security issues (e.g., Feng et al.,
2005; Peng et al., 2007; Xu et al., 2006; Yang, 2004), soil
properties (e.g., Cao et al., 2007; Chen et al., 2007b;
Zhang et al., 2010), water balance (e.g., Chen et al.,
2007a; Gates et al., 2011; Huang and Pang, 2011; Sun
et al., 2006) as well as aspects of programme implementa-
tion, participation and effectiveness (e.g., Bennett, 2008;
Uchida et al., 2007; Xu et al., 2004; Yin and Yin, 2010).
In summary, most available SLCP impact studies looked
at economic and social aspects, whereas few studies inves-
tigated environmental impacts (this might be reasonable
because quantitative data related to forest ecology require
long-term monitoring systems). However, none of these
studies have integrated all dimensions of sustainability
yet, nor have they adequately the ex-ante impacts of the
SLCP at aggregated level.
In this study, an attempt is made to combine regional

stakeholder knowledge with scientific expertise in order to
conduct a more comprehensive and reflected impact assess-
ment study. Stakeholder participation in environmental stud-
ies can be used, for example, to integrate local knowledge
(Stringer and Reed, 2007; Vogt et al., 2011) and to consider
different perceptions of stakeholders (Reed et al., 2007;
Schwilch et al., 2011). A previous study of König (2010)
Figure 1. Location map of the stu

Copyright © 2012 John Wiley & Sons, Ltd.
explored possible contributions of alternative forest man-
agement scenarios to regional sustainability. The study
had an isolated view of the forestry sector, while in this
study the focus was on impacts of different SLCP imple-
mentation options (conversion of cropland into forests) on
regional sustainability covering all land use sectors. Findings
from König et al. (2010) are used to study the regional
impacts of the SLCP implementation as well as possible con-
sequences of alternative forest management. Subsequently,
results from both assessments are discussed in a complemen-
tary way. The aim of this study therefore was to conduct
a comprehensive ex-ante impact assessment of the SLCP
covering the economic, social and environmental dimensions
of sustainability. The results of the Framework for Participa-
tory Impact Assessment (FoPIA) were evaluated under
consideration of the available scientific literature on the
SLCP reviewed.
MATERIALS AND METHODS

Study Area

The case study region of Guyuan is located in the centre
of the Loess Plateau in the southern part of the Hui
autonomous region of Ningxia (Figure 1). The main regional
problems are harsh environmental conditions, land degrada-
tion and low economic development (Zhen et al., 2009a;
dy area of Guyuan, China.
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Zhu et al., 1986). The climate is semi-arid with cold, dry
winters and hot, wet summers. The average annual rainfall
is 470mm with regional variability. The terrain is mountain-
ous with elevations ranging from 1248 to 2942m a.s.l.
The main land use activities are smallholder subsistence

agriculture and livestock husbandry with an average farm
size of 4�6mu (15mu=1ha) per family household. In 2009,
the rural farm household activities were typically 61 per cent
on-farm activities, such as cropping (50 per cent), livestock
breeding (11 per cent), off-farm work (37 per cent) and other
activities (2 per cent). Agriculture is rainfed, and the major
crops include maize, wheat, potato, millet, oilseeds and several
legume species (Zhen et al., 2009a). The livestock includes
sheep, goats, beef cattle, dairy cows, pigs and poultry. The
remaining natural vegetation includes wild grassland and
shrubs that grow mainly on the steep slopes where human
activities are restricted (Chen et al., 2001).
Poor economic development is considered a major con-

straint for development in Guyuan where there is a low
GDP per capita of RMB8470, which was only 29 per cent
of the Chinese national average of RMB 29 992 in 2010.
The average income per rural households was RMB3477,
which is 59 per cent of the national average of RMB5919
in 2010. With the SLCP, Guyuan follows a model centred
on environmental priority where economic development
comes only as a second goal (Zhen et al., 2009b).

General Impact Assessment Approach

An approach for structuring the impact assessment of land
use changes while equally covering the three sustainability
dimensions (economic, social, environmental) is proposed
by Helming et al. (2011) making use of so-called land use
functions (LUFs) as developed by Pérez-Soba et al.
(2008). This framework appeared to be suitable for Guyuan
and was therefore adopted for this study, but it proved to be
challenging to quantify the impact of alternative land use
scenarios, such as land conversion as in the case of the
SLCP, on the LUFs. Ideally, impacts on LUFs would be
derived from a combination of (i) ex-post analysis of moni-
toring data; (ii) ex-ante simulation experiments, for example,
as in the case of the Sustainability Impact Assessment Tool
(Sieber et al., 2008; Uthes et al., 2010); and (iii) participa-
tory expert-based tools (Morris et al., 2011) to also consider
stakeholder perceptions and expert knowledge. A thorough
literature survey should accompany all three steps to ensure
they are up-to-date and allow for validation.
However, as in many cases in developing and transition

countries, lack of data prevented the first two types of analysis
(Reidsma et al., 2011). Area-wide, spatially explicit monitor-
ing data of the SLCP implementation in Guyuan did not exist.
Some unofficial paper-based reports were found, but their reli-
ability is unclear, reporting high tree survival rates of 80 to 90
per cent. Personnel from the responsible government agencies
Copyright © 2012 John Wiley & Sons, Ltd.
disclosed that dead trees were simply replaced by new seed-
lings, without actually reporting this. Field visits were limited
to demonstration sites and therefore not representative. Other
studies circumvented such dificulties by surveying SLCP parti-
cipants (e.g., Uchida et al., 2005; Xu et al., 2004; Yang, 2004).
Participants’ answers are a common source of information, but
their reliability is unclear, particularly because farmers usually
have a sector-specific view and are often less well educated,
therefore less likely to be capable of performing sustainability
assessments, and involuntary participation is a frequently
observed phenomenon (Grosjean and Kontoleon, 2009).

The FoPIA Approach

To assess programme effects at an aggregated regional scale,
it appeared to be more promising to take the road of a partic-
ipatory expert-based approach to analysis, by making use of
the FoPIA (Morris et al., 2011). The FoPIA comprises a prep-
aration phase and an expert workshop, which follows a struc-
tured sequence of assessment steps, including (i) interactive
development of regional land use scenarios; (ii) specification
of the sustainability context; and (iii) expert-based assessment
of scenario impacts and analysis of possible trade-offs among
the economic, social and environmental sustainability dimen-
sions. An after-workshop evaluation phase is used to further
analyze and document workshop results.
The approach benefits from a diverse group composition, as

only then, a variety of different views can be considered, but
group diversity also adversely affects scenario complexity.
For example, a heterogeneous group can usually handle rela-
tively simple scenarios because the group members will feel
capable of assessing them. On-the-other-hand, because of the
variety of views considered, an aggregated assessment, for ex-
ample, at the level of sustainability, is more likely to achieve
succcess with such a group. In contrast, a more homogenous
group, for example, experts in one field, will be able to deal
with complex scenario assumptions; results, however, will
likely remain at the level of the disciplines involved and there-
fore not allow for overall conclusions on sustainability.
Given the aforementioned issues, we decided to follow a

two-step approach. A first FoPIA workshop was held in 2009
in Guyuan with a heterogeneous group of regional experts
SLCP (from now on referred to as ‘regional group’) to assess
the impact of SLCP land conversion on sustainability at the re-
gional level, with the use of relatively simple scenario assump-
tions. A second FoPIA workshop was held at the Chinese
Academy of Science in Beijing in 2010 with a relatively ho-
mogenous group of scientists from different national research
institutes to assess the impact of more complex scenarios focus-
ing on alternative SLCP forest management options (from now
on referred to as ‘forest group’). Work from the second work-
shop has been published in a previous article by König
(2010), but this study had an isolated view on the forestry sector
and did not consider SLCP impacts on regional sustainability.
LAND DEGRADATION & DEVELOPMENT (2012)
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Workshop Participants

The regional group was directly consulted in Guyuan and
included ten experts from the Bureau of Environmental
Protection, Development and Reform Commission, Guyuan
Agriculture Research Institute, Bureau of Forestry, Depart-
ment of Regional Water Management, Bureau of Agricul-
ture and Animal Husbandry and Bureau of Land Resource
Management. The workshop was part of a longer field trip
and was accompanied by a household survey in three vil-
lages and a participatory rural appraisal in one village.
For the forest group, ten researchers with a specific

knowledge about the regional conditions in Guyuan and
specific expertise on the SLCP were invited to participate
in an expert workshop, including scientists from the Chinese
Academy of Forestry (CAF), the Department of Natural
Geography (IGSNRR, CAS), the Department of Human
Geography (IGSNRR, CAS), the Department of Natural
Resources and Environmental Security (IGSNRR, CAS)
and the Chinese Academy of Social Sciences (CASS).

Expert-developed Scenarios

Scenario narratives were drafted by the research team, on the
basis of available data and figures, and presented to the
regional group and the forest group for discussion, respec-
tively. Scenario assumptions were elaborated together with
the group participants considering implicit knowledge and
to ensure a commonly understood and accepted set of
scenarios (Table I). In the regional group, three scenarios
were assessed, including two SLCP implementation scenarios
[first phase of the implementation between 2000 and 2009
(S2), and a second implementation phase between 2010 and
2016 (S3)] and a reference scenario (S1) that served as
a counterfactual to assess impacts in the absence of the
SLCP (continuation of crop production) (Table I). The
Table I. SLCP implementation scenarios (S1, S2, S3) and forest manag

Scenario Scenario characteristics

S1: (REF) Forest cover at 12�8%; remaining land mainly
used for agriculture

S2: SLCP-1 Conversion of cropland into forest land on slopes
above 25 degrees; forest cover increases by 4�8%
to 17�6%

S3: SLCP-2 Conversion of cropland into forest land on slope
between 15 degrees and 25 degrees; forest cover
increases by additional 3�4% to 21%

F1: economic forest Orchards for fruit plantations (e.g., apple, nuts, aprico

F2: ecological forest Planting and maintaining trees with limited econ
use to restore degraded land

F3: energy forest Use of sloped and marginal land for bio-energy prod

SLCP, Sloping Land Conversion Programme; REF, reference scenario.

Copyright © 2012 John Wiley & Sons, Ltd.
forest group assessed the impact of three alternative forest
management scenarios, including an economic-forest (F1),
an ecological-forest (F2) and an energy forest management
(F3) scenario (Table I). Land use sectors included agricul-
ture, forestry and build-up areas. The target year for all
scenarios was 2020. Both workshops started with the intro-
duction of a drafted set of scenario narratives, which were
presented to the corresponding workshop participants.
Expert-based Impact Assessment

A set of nine LUFs and nine forest functions (FFs) had been
developed prior to the workshop, taking the general set of
LUFs from a paper by Pérez-Soba et al. (2008) as starting
point and were introduced to the regional group and the
forest group, respectively (Table II). Both sets of functions
were equally balanced among the economic, social and envi-
ronmental sustainability dimensions. Together with the
workshop participants, each function was assigned one
corresponding indicator in order to have a precise criterion
for the impact assessment, for example, regional employ-
ment rate for the provision of work or water availability for
the provision of abiotic resources (Table II). We decided
to have only one indicator per function in order to avoid
complexity and to keep the scenario assessment focused
and operational during the workshops.
Subsequently, experts passed two paper-based assessment

rounds on each workshop—one for assigning weights from
one to nine to the different LUFs, reflecting their perceived
importance, and one for assessing the impact of the different
scenarios on the LUFs using a scale from �3 to +3. After
each round, the assessment results were projected, discussed
and re-scoring was allowed as needed, to reduce the range of
assessment results. For further reading on each step of the
FoPIA, see Morris et al. (2011).
ement scenarios (F1, F2, F3)

Land use
sectors Relevance to Guyuan

All sectors Reference scenario as without SLCP
policy implementation

All sectors SLCP implementation between 2000
and 2009

s All sectors Further expansion of the SLCP between
2010 and 2016

t, etc.) Forest sector Partially established agro-forest type at
20–25%

omic Forest sector Main forest type established under the
SLCP at 70–80% in Guyuan

uction Forest sector Little recognition yet of less than 1%

LAND DEGRADATION & DEVELOPMENT (2012)



Table II. Land use functions, forest functions and corresponding assessment indicators

Land use functions (LUFs) LUF indicator
ECO 1: Land-based production Economic production from land (yield)
ECO 2: Non-land-based production Build-up area (m³)
ECO 3: Infrastructure Road density and quality (network size and status)
SOC 1: Provision of work Regional employment (%)
SOC 2: Quality of life Net income per household (RMB)
SOC 3: Food security Regional food availability (kg/capita)
ENV 1: Abiotic resources Soil health/quality (status)
ENV 2: Biotic resources Habitat and biodiversity (status)
ENV 3: Ecosystem processes Vegetation cover (status)

Forest functions (FFs) FF indicator
ECO 1: Wood production Income from wood harvests (RMB)
ECO 2: Non-wood production Income from fruit yields (RMB)
ECO 3: Industry and services Income from forest industry and services (RMB)
SOC 1: Forest labour Sectoral employment (%)
SOC 2: Health Clean air (status)
SOC 3: Access to land Right to access and utilize forest
ENV 1: Abiotic resources Soil health/quality (status)
ENV 2: Biotic resources Habitat and biodiversity (status)
ENV 3: Ecosystem processes Water availability/yield (m3)

ECO, economic; SOC, social; ENV, environmental. Forest functions and corresponding indicators are adapted from König (2010) with permission.

SLCP LAND CONVERSION IMPACTS ON RURAL SUSTAINABILITY IN GUYUAN, CHINA
The assessment of the scenarios for the three sustainabil-
ity dimensions is based on an aggregation of the scenario
impact scores and corresponding LUF and FF weights by
using the following equation:

wid ¼
Xn

f¼1

wf ;d � if ;d (1)

where: wi is the weighted impact, w is the weight assigned to
each function, i is the average impact for each function, d is
the sustainability dimension (economic, social, environmental)
and f is the function (n=9).
This allows for comparison of different scenarios and a

ranking of scenarios, based on which, possible implications
for land use and decision support can be discussed.

Literature Survey of SLCP Impact Studies

A literature survey of SLCP impact studies was conducted on
the basis of scientific databases including SCOPUS and ISI
Web of Knowledge. Key words including ‘sloping land
conversion’ and ‘grain for green’ were combined with topics
related to the nine LUFs and nine FFs (Table II) and resulted
in a list of 39 publications covering the relevant topics
(Table III). Although we are aware that much has been pub-
lished in Chinese, we were only able to consider articles pub-
lished in English.
RESULTS AND DISCUSSION

Relative Importance of Land Use Functions

In the regional group, the economic LUF land-based
production (8�5) was assessed to be of highest priority, as
Copyright © 2012 John Wiley & Sons, Ltd.
it was considered to be the major economic activity of rural
people in Guyuan (Table II). Of slightly lower importance
were the environmental LUFs maintenance of ecosystem
processes (7�5) and provision of biotic resources (7�6),
reflecting the regional vulnerability of the environment in
Guyuan, prone to land degradation and losses in bio-
diversity. The lowest weights were assigned to the LUF
non-land-based production (6�0), reflecting that most of
the rural society in Guyuan is still employed in the agricul-
tural sector and that opportunities for non-land-based
production in this remote region are limited. The LUFs food
security (7�1) and quality of life (7�0) were reported to be
two major concerns for rural farmers in Guyuan, as agricul-
tural production and rural livelihood were frequently
affected by droughts, loss of harvests and rural poverty,
respectively, and therefore received high scores. The
provision of abiotic resources (6�5) related to soil was
perceived to be a critical factor for land-based production
but relatively less important than other functions. This may
appear contradictory, as the SLCP has a particular focus
on this aspect, but reflects that the workshop participants
applied a kind of ‘fairness’ principle when comparing
different functions. Of relatively lowest importance were
the LUFs provision of work (6�1) and infrastructure (6�1).
Relative Importance of Forest Functions

In the forest group, all environmental functions were given
high weights reflecting the need to reduce land degradation
in Guyuan with abiotic resources (8�7), biotic resources
(7�7), maintenance of ecosystem processes (9�7) (Table II).
The economic function income from wood production
(6�0) was assessed to be of lowest importance compared
LAND DEGRADATION & DEVELOPMENT (2012)



T
ab
le

II
I.

O
ve
rv
ie
w

of
la
nd

us
e
fu
nc
tio

ns
(L
U
F
s)

an
d
fo
re
st
fu
nc
tio

ns
(F
F
s)

co
ve
re
d
by

th
e
im

pa
ct

st
ud
ie
s
(L
U
F
s
an
d
F
F
s
ex
pl
an
at
io
ns

ca
n
be

fo
un
d
in

T
ab
le

II
)

E
co
no
m
ic

L
U
F
s

E
co
no
m
ic

F
F
s

S
oc
ia
l
L
U
F
s

S
oc
ia
l
F
F
s

E
nv
ir
on
m
en
ta
l
L
U
F
s/
F
F
s

A
ut
ho
rs

Y
ea
r

E
C
O
1

E
C
O
2

E
C
O
3

E
C
O
1

E
C
O
2

E
C
O
3

S
O
C
1

S
O
C
2

S
O
C
3

S
O
C
1

S
O
C
2

S
O
C
3

E
N
V
1

E
N
V
2

E
N
V
3

Y
e
et

al
.

20
03

x
x

x
X
u
et

al
.

20
04

(x
)

x
x

H
on
g

20
04

x
x

F
en
g
et

al
.

20
05

x
x

U
ch
id
a
et

al
.

20
05

x
x

x
x

W
ey
er
ha
eu
se
r
et

al
.

20
05

x
x

x
x

C
he
n
an
d
C
ai

20
06

x
x

E
di
ng
er

an
d
H
ua
fa
ng

20
06

x
x

x
(x
)

L
on
g
et

al
.

20
06

x
x

x
S
un

et
al
.

20
06

x
x

X
u
et

al
.

20
06

x
x

x
x

x
x

X
u
et

al
.

20
06

x
x

Z
he
ng

20
06

x
x

C
ao

et
al
.

20
07

x
x

x
C
he
n
et

al
.

20
07

x
x

x
C
he
n
et

al
.

20
07

x
x

x
x

M
cV

ic
ar

et
al
.

20
07

x
x

P
en
g
et

al
.

20
07

x
x

x
U
ch
id
a
et

al
.

20
07

(x
)

x
x

W
an
g
et

al
.

20
07

x
B
en
ne
tt*

20
08

x
x

x
x

C
ao

20
08

x
x

x
x

W
an
g
et

al
.

20
08

x
x

x
Z
ha
ng

et
a.

20
08

x
x

C
ao

et
al
.

20
09

x
(x
)

x
x

x
(x
)

x
G
ro
sj
ea
n
an
d
K
on
to
le
on

20
09

x
x

x
(x
)

H
e
et

al
.

20
09

x
x

x
S
to
ke
s
et

al
.

20
09

x
(x
)

x
x

x
U
ch
id
a
et

al
.

20
09

x
x

x
C
he
n
et

al
.

20
09

x
x

(x
)

x
x

(x
)

D
ai

20
10

x
L
iu

et
al
.

20
10

x
x

x
x

x
W
an
g
et

al
.

20
10

x
x

x
x

x
Y
an
g
et

al
.

20
10

x
(x
)

x
Y
ao

et
al
.

20
10

x
x

x
x

Z
ha
ng

et
al
.

20
10

x
B
en
ne
tt
et

al
.

20
11

x
x

x
(x
)

C
ao

et
al
.

20
11

x
x

x
x

x
x

G
at
es

et
al
.

20
11

x
x

H
ua
ng

an
d
P
an
g

20
11

x
x

x
x

x
L
U
F
s
an
d
F
F
s
ad
dr
es
se
d
(n
)

26
6

3
8

6
8

13
16

4
4

4
4

13
4

15

T
op
ic
s
th
at

ar
e
on
ly

pa
rt
ly

ad
dr
es
se
d
an
d
no
t
ex
pl
ic
itl
y
di
re
ct
ed

to
th
e
S
L
C
P
ar
e
in
di
ca
te
d
by

(x
).

H. J. KÖNIG ET AL.

Copyright © 2012 John Wiley & Sons, Ltd. LAND DEGRADATION & DEVELOPMENT (2012)



T
ab
le

IV
.
S
ce
na
ri
o
im

pa
ct

as
se
ss
m
en
t
re
su
lts

on
re
gi
on
al

la
nd

us
e
fu
nc
tio

ns
an
d
fo
re
st
fu
nc
tio

ns
(e
xp
la
na
tio

ns
of

co
rr
es
po
nd
in
g
fu
nc
tio

ns
ca
n
be

fo
un
d
in

T
ab
le

II
)

S
ce
na
ri
o

E
C
O

1
E
C
O

2
E
C
O

3
S
O
C
1

S
O
C
2

S
O
C
3

E
N
V

1
E
N
V

2
E
N
V

3
A
gg
re
ga
te
d
im

pa
ct

w
i

w
i

w
i

w
i

w
i

w
i

w
i

w
i

w
i

w
E
C
O

w
S
O
C

w
E
N
V

w
i

S
1
(R
E
F
/c
ro
p)

8�5
0�4

6�0
0�7

6�1
1�0

6�1
�0

�4
7�0

�1
�0

7�1
0�1

6�5
�0

�8
7�6

�1
�9

7�5
�1

�0
13
�7

�8
�7

�2
7�1

�2
2�2

S
2
(S
L
C
P
1)

1�4
1�0

1�0
�0

�4
1�7

1�4
1�4

1�8
1�7

24
�0

19
�4

35
�5

78
�9

S
3
(S
L
C
P
2)

1�7
1�4

1�6
�1

�1
2�2

2�1
2�4

2�8
2�8

32
�6

23
�6

57
�9

11
4�1

F
1
(e
co
no
m
ic
)

6�0
0�8

8�0
2�8

7�7
2�3

6�7
2�3

7�3
1�8

7�0
2�5

8�7
0�4

7�7
0�5

9�7
�0

�4
16
�9

17
�3

1�4
94

�4
F
2
(e
co
lo
gi
ca
l)

�0
�9

0�3
0�1

�0
�8

3�0
0�3

2�7
2�8

2�5
�0

�6
7�2

18
�7

85
�7

F
3
(e
ne
rg
y)

0�8
1�4

1�5
0�1

1�4
1�6

0�7
1�5

1�1
10
�3

7�7
7�3

78
�0

N
ot
e:
w
i,
w
ei
gh
te
d
im

pa
ct
;w

,w
ei
gh
ta
ss
ig
ne
d
to

ea
ch

fu
nc
tio

n;
i,
av
er
ag
e
im

pa
ct
fo
r
ea
ch

fu
nc
tio

n;
d,
su
st
ai
na
bi
lit
y
di
m
en
si
on

(e
co
no
m
ic
,s
oc
ia
l,
en
vi
ro
nm

en
ta
l)
;f
,f
un
ct
io
n
(n
=
9)
.R

es
ul
ts
of

th
e
fo
re
st

sc
en
ar
io

as
se
ss
m
en
t
(F
1–
3)

ar
e
ad
ap
te
d
fr
om

K
ön
ig

(2
01
0)

w
ith

pe
rm

is
si
on
.

SLCP LAND CONVERSION IMPACTS ON RURAL SUSTAINABILITY IN GUYUAN, CHINA
with other FFs. Wood production was expected to be low as
tree growth will be slow as a result of high elevations and
chronic water shortages. Instead, participants stated that
alternative sources related to income from non-wood
products (8�0), for example, fruit production, play a more
important role. Income from forest services and processing
industry (7�7) referring to maintenance activities and forest
management were assessed to be of higher importance.
The social FFs including the provision of forest labour
(6�7) was considered to be of relatively low importance be-
cause of little working opportunities in the forest sector in
general as the programme mainly aims to establish ecological
forests (restricted use). Health (7�3), in this case related to
clean (dust-free) air, was considered to be of high importance
because frequently occurring dust storms harm the health of
local people. Access to forests (7�0) was also perceived
important for collecting fuel wood.

Land Use Functions and Forest Functions Addressed in the
Literature

Analysis of the literature revealed differences in topics of
available impact studies (n = 40). As shown in Table III,
most studies have focused on economic and social
impacts of the SLCP and were mainly related to agriculture
(land-based production, n = 26; income, n= 16; and work,
n= 13). With regard to forest management, fewer studies
were available and were looking at economic wood produc-
tion (n= 8) and forest industry and services (n= 8), whereas
non-wood production (i.e. fruit production) were only partly
addressed (n = 6). Only few studies were addressing social
issues related to the forest labour sector (n = 4), health
(n= 4) and the role of land rights (n = 4). Environmental
studies have mainly addressed soil and water conservation
issues (n = 13) and issues related to ecosystem processes
(n= 15). Infrastructure (n = 3) and biodiversity (n = 4) were
usually only mentioned but not part of the analysis.
Topics that were less often addressed in the literature

although of relatively high importance to the regional group
and to the forest group included biodiversity and non-wood
production, respectively.

Assessment of the Economic Dimension

Land-based production and wood production (ECO1)
The regional group assessed the conversion of cropland
into forest towards 2020 to increase the overall economic
production from land in Guyuan (S2, S3) compared with
the reference situation of continued crop production (S1)
(Table IV). The forest group assessed the potential economic
benefits from wood production to be positive under economic
forests (F1), but to perform negatively under ecological
forests (F2) and limited with energy forests (F3) (Table IV).
The quite different perception in the regional group that
afforestation would contribute to economic development
Copyright © 2012 John Wiley & Sons, Ltd. LAND DEGRADATION & DEVELOPMENT (2012)
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was based on the assumption that planting forests would
generally maximize the economic use of marginal land.
Wood production does not play a considerable role in

Guyuan as unfavourable environmental conditions (water
scarcity, high elevations) limit commercial forestry in this
region (Cao et al., 2009). Economic returns from energy
forests (F3) were assessed to provide some benefits, but this
type of forest management has not been established in
Guyuan yet and might therefore only be realized at small
scale. In this regard, Tang et al. (2010) mentioned the
potential of growing shrubs for energy production on less
productive sites.

Non-land-based production and non-wood production
(ECO2)
The regional group expected the SLCP to stimulate non-
land-based development (expansion of build-up areas) (S2,
S3) (Table IV) based on the assumption that the SLCP will
contribute to rural economic development through structural
changes. However, this aspect might be difficult to be
attributed directly to the programme because high economic
development at national level has pushed construction activi-
ties in China (Zhen et al., 2010).
With regard to non-wood production, the two main limit-

ing factors to plant economically attractive trees (mainly
fruit trees) are water scarcity and lack of management skills.
Although about 20 per cent of the afforested land in Guyuan
is dedicated to economic forests (F1), a major concern
mentioned by the workshop participants was that farmers
might not have sufficient knowledge for actually managing
forests and lack technical equipment for maintenance
and harvesting. The issue of insufficiently skilled labour
forces in the growing forest sector is also addressed by
Weyerhaeuser et al. (2005). Several studies found that
farmers would favour to convert land into economic forests
(e.g., Weyerhaeuser et al., 2005; Yang, 2004; Ye et al.,
2003), but the decision of tree selection (and provision) is
usually taken by the local governments (Bennett et al., 2011).

Infrastructure and (forest) industry and services (ECO3)
Similar to the results of non-land-based production (ECO2)
infrastructure (ECO3) development was assessed to benefit
under the SLCP (S2, S3) (Table IV), assuming that the
programme will lead to higher investments into road con-
struction projects in Guyuan. However, there is no evidence
to prove this result although some other SLCP studies
addressed the negative impact of roads on soils (compaction,
erosion) in general (Chen et al., 2009; Stokes et al., 2010)
but without explicit link to the SLCP.
In the forest group, both, economic and energy forests

(F1, F3) were assessed to develop (forest) industry and
service sector, including the processing of fruits (packing,
selling) and the provision and installation of energy systems
Copyright © 2012 John Wiley & Sons, Ltd.
(e.g., small energy plants, stoves). Besides some cultivated
fruit trees (e.g., nuts, apricot, apple), cultivation and
processing of wolfberry (Lycium chinense) is considered
a major economic fruit-shrub in Guyuan a region which
is well suited to it (Mi et al., 2011). Most afforestation sites
are restricted to grow economically valuable fruit trees at
larger scales and thus limit the establishment of the fruit
processing industry. Since forest work is usually done by
manpower, forest services will likely be required to manage
and maintain forest land (e.g., planting, thinning, pruning,
harvesting).

Assessment of the Social Dimension

Provision of work and forest labour (SOC1)
The most negative impact of the SLCP in Guyuan assessed
by the regional and the forest groups, respectively, referred
to a reduction of work (S2, S3, F2) (Table IV), worsened
by the limited flexibility to leave the farm (lack of mobility
and low education). During field interviews, local farmers
reported that the older generation of farmers, in particular,
had difficulties in adapting to such changes relying on
governmental support more than younger generations (see
also Uchida et al., 2009). The potential contribution of affor-
ested land to provide rural work will be limited in the future
because economic forests (F1) play a minor role in Guyuan.
Chen et al. (2009) argues that releasing labour forces from
agriculture could stimulate a shift towards off-farm work.
However, a regional study of Uchida (2007) conducted in
Ningxia (the province to which Guyuan belongs) found little
evidence for participating farm households shifting labour to
alternative off-farm activities due to mobility constraints and
actually preferring to stay on the farm.

Quality of life (income) and health (SOC2)
Changes in rural income towards 2020 were assessed to
increase under the implementation of the SLCP (S2, S3;
Table IV) as a result of increasing income generated from
fruits harvested from planted trees and contributing to shift
agricultural activities towards the off-farm sector. The
increasing importance of the off-farm sector for generating
rural income has also been found by several other impact
studies (e.g., Ediger and Chen, 2006; Liu et al., 2010; Yao
et al., 2010). Following the major goal to combat soil
erosion, all forest management scenarios (F1–3, Table IV)
revealed that wind erosion and dust pollution will likely
be reduced, an important health aspect for rural people
in Guyuan. Several studies reported on the success of
revegetating hillslopes reducing soil erosion (e.g., Chen
and Cai, 2006; Stokes et al., 2010; Zheng, 2006); other
authors questioned this aspect with particular reference to
semi-arid regions of the Loess Plateau, referring to high tree
mortality rates, and thus failure to establish permanent soil
cover (Cao et al., 2007; Chen et al., 2007c).
LAND DEGRADATION & DEVELOPMENT (2012)
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Food security and access to forests (SOC3)
Food security has long been a concern in rural China,
and particular attention was paid under the circumstances
that cropland will be converted into forests and grass-
land. However, the regional group was optimistic by pos-
itively assessing the SLCP to contribute to an improved
situation of food availability in Guyuan (Table IV), on
the basis of the assumption that only marginal land will
be taken out of production. Studies by Yang (2004) and
Dai (2010), however, found that some of the farmers
enrolled in the programme were able to increase produc-
tion on the remaining land. Several other studies explic-
itly analyzed the programme’s effects on food security
(e.g., Feng et al., 2005; Peng et al., 2007; Xu et al.,
2006; Zhen et al., 2009a). Feng et al. (2005) indicated
that food security in Western China might be more
important than in other regions in China as a result of
supply constraints; and that, although food security might
not be affected at national level, local impacts could be
significant. However, a recent study by Zhen et al.
(2009a) found that increasing meat consumption of
people in Guyuan indicates changes in the diets of rural
people that might lead to increasing demands on grain
supply in the future.
The right to access forests to collect fuel wood was

assessed positively by the forest group for all scenarios
(F1–3). Comparable studies explicitly addressing this issue
do not exist however; it is known that land per se does not
belong to the farmer himself.
Assessment of the environmental dimension
Environmental functions were not differentiated in both
groups.
Provision of abiotic resources (ENV1)
All SLCP scenarios (S2, S3, F1–3; Table IV) were assessed
to improve the soil quality in Guyuan through afforestation
by the regional group and the forest group. The common
assumption was that revegetating eroded land with trees will
reduce soil erosion. It is widely accepted that vegetation
cover is a means to control soil erosion (Zheng, 2006).
Cao et al. (2008), however, pointed at the risk that large-
scale afforestation that might lead to higher soil erosion
problems in the long run as a result of using fast growing
tree species (e.g., Pine, Locust, Poplar), instead of using
natural vegetation (e.g., native shrubs, Birch, Oak) leading
to water stress and tree mortality, while Yang et al. (2010)
stressed the challenge of the low resilience in semi-arid
regions of the Loess Plateau and supported the need to plant
trees and establish grassland for a timely recovery of
degraded soils. The debate included aspects of whether
native species should be considered.
Copyright © 2012 John Wiley & Sons, Ltd.
Provision of biotic resources (ENV2)
Afforestation and forest management were both assessed to
improve the quality of habitats and increase biodiversity of
regional flora and fauna. Having in mind that Guyuan is
dominated by agriculture, forests will contribute to higher
landscape diversity. Although this seems generally plausible,
Cao et al. (2009) pointed at the risk that the programme-
induced introduction of non-native species might harm the
existence of native species. An empirical study explicitly
addressing the impact of the SLCP on habitat quality and
biodiversity has not been conducted yet.

Maintenance of ecosystem processes (ENV3)
Apart from economic forests (F1), the SLCP scenarios (S2,
S3) and forest management scenarios F2 and F3 (Table IV)
were assessed to enhance key ecosystem processes in
Guyuan. However, both groups might have overestimated
the positive effect of ecological forests. Among the main
tree species established in Guyuan, pine forests (Pinus sp.)
were found to contribute to the highest water losses due to
high surface runoff (assuming that ground vegetation is
missing) followed by cropland, grassland and shrubland
(Chen et al., 2007a). In the long run, tree mortality problems
due to water stress might also occur for two other tree
species used for afforestation purposes, including Locust
(Robinia sp.) and Poplar (Populus sp.) (Fischer, 2010). In
this regard, Sun et al. (2006) pointed at the potential
reduction in water yields caused by planted trees in the
semi-arid north of China where, naturally, grassland, shrubs
and small trees grow (Cao et al., 2011). Instead, Cao (2011)
put forward the need to orient at ‘close-to-nature’ species
(native and regionally well adapted species), which could
improve and sustain forest quality in the longer term.

Assessment of regional SLCP impacts: an integrated view
Aggregation of impacts (Table IV) allows for a weighted
interpretation of SLCP scenario impacts at regional context.
If first looking at the implementation scenarios of the SLCP
in Guyuan (S2, S3), the main trade-offs occur between
provision of work (SOC1) and the conservation of environ-
mental functions (ENV1–3). Without the SLCP (S1), partic-
ularly the environmental (ENV1-3) and partly also the social
dimension (SCO1 and 3) were assessed to face a continuing
negative development in Guyuan, while the main positive
impacts of the SLCP are clearly on the environmental
dimension, which was also of high priority as reflected in
the weights assigned to the LUFs (Table IV). The results
suggest that an expansion of the SLCP (S3) would
contribute most to sustainable development in Guyuan
towards 2020.
Regarding the regional forest management, trade-offs

vary among scenarios (F1–3) (Table IV). The economic
forest scenario economic forest (F1), for example, has
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the highest positive impact on all economic functions
(ECO1–3) and some social functions (SOC1 and 3) but a
negative impact on the regional water balance (ENV3).
The ecological forest scenario (F2) contributes to the
highest benefit of all environmental functions (ENV1–3)
but was assessed negatively for wood production (ECO1)
and provision of work (SOC1). The energy forest scenario
(F3) was assessed to have little, but overall positive impact
on all nine FFs. The results suggest, firstly, considering the
possibility of establishing energy forests (F3), which might
be a promising alternative to contribute to farm income and
environmental conservation at the same time (small scale).
Secondly, an integration of ecological and economic forests
(F1, F3) at large scale could potentially lower the mentioned
trade-offs but would require adequate long-term forest
management strategies, e.g., by promoting selective cutting
of trees instead of clear cuts.

Reflection on the assessment approach
The participatory impact assessment approach used has the
potential to reveal possible trade-offs between economic,
social and environmental sustainability dimensions that
might occur as a result of the SLCP. In reflection to other
studies where the FoPIA was used (e.g., in Indonesia, König
et al., 2010; in Tunisia, König et al., in press), we found that
a flexible but well-structured framework to study causal rela-
tionships between policies, land use changes and sustain-
ability while also integrating local knowledge and different
disciplines. Participating experts (scientists) and stake-
holders (regional decision makers) reported that the FoPIA
is relatively easy to understand and appreciated that this
approach provides quick results. However, the quality of
the results largely depends on the scenarios developed, the
indicators selected and the stakeholders considered. For
example, during the expert-based impact assessment, the
regional group appeared to be very optimistic about possible
SLCP impacts, whereas the forest group was more critical
about programme effects. Although the regional group
might have been biased of being in favour of the SLCP, their
participation and knowledge contributed to an enhanced
understanding of the regional problem issues and the
implementation of the SLCP in Guyuan.
CONCLUSIONS

A clear win–win scenario leading to positive developments
for all LUFs or FFs, respectively, could not be identified.
Both workshop groups assessments (the regional group
and the forest group) expected the SLCP programme to
achieve the major goal of environmental rehabilitation but
at the cost of reducing rural working opportunities because
ecological forests alone provide only few employment and
income opportunities beyond the project’s lifetime. Overall,
Copyright © 2012 John Wiley & Sons, Ltd.
with the assigned priorities to the FFs and LUFs, a
continuation of the SLCP afforestation appeared to be
most beneficial of all scenarios for rural sustainability in
Guyuan. The economic forest scenario was assessed to serve
primarily the economic and social sustainability dimensions,
while environmental impacts were also tolerable. Energy
forest is potentially benefiting all three sustainability dimen-
sions (economic, social, environmental) but might only be
realized at small scale because this type of forest manage-
ment is not well established in Guyuan yet. A scenario with
a sole focus on ecological forests had disproportionate
positive impacts on environmental functions and little or
adverse impact on the other two sustainability dimensions.
Considering that Guyuan is a drought-prone region, long-
term failures of afforestation might occur as a result of
water stress and the use of water demanding tree species.
Forest managers, therefore, might reconsider the choice
of planting more shrubs or native tree species for the
second implementation phase of the SLCP. Finally, we
conclude that the here proposed assessment approach
using both qualitative knowledge and quantitative informa-
tion, could enhance the understanding of regional causal
linkages between the SLCP land conversion programme
and possible impacts on economic, social and environmen-
tal sustainability dimensions.
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