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Foreword

When I visited China in 2006 on a US mission that examined forestry and the forest
sector I was struck with the obvious improvements in the forest situation compared
to my prior visit some 16 years earlier. Areas of forest restoration were visited and
I was impressed with the data that suggested China’s forest had made a remarkable
recovery and indeed substantial expansion since the 1970s. This volume suggests
not only that my anecdotal impressions were reasonably accurate for forest but that
substantial progress is being made across a number of ecological areas.

The book was developed out of papers presented to a 2007 international sym-
posium in Beijing that discussed aspects of several ecological restoration programs
initiated by the Chinese government beginning in the late 1990s. The volume, edited
by Runsheng Yin, covers a wide range of issues in its 14 chapters. The studies high-
light recent research advances in assessing China’s ecological restoration programs.
Although each of these chapters is a stand-alone piece, the volume progresses in an
orderly manner from an articulation of the challenges, a review of the literature, the
presentation of research methodology, the modeling of the driving forces of some
of the changes, empirical estimates of some of the changes associated with the vari-
ous activities, and finally an assessment of the effects of these ecological restoration
programs on the socio-economic aspects of a location or site.

The specific programs examined in the volume include those focused on forest
protection, slopping cropland retirement, desertification control wildlife conserva-
tion, shelter belt development, and soil erosion avoidance. These programs have
resulted in the rehabilitation of forest and grasslands, the restoration of farmlands,
and a host of other ecological improvements. In some cases the land cover change,
data and experience from the 1970s into the first decade of the 21st Century are
examined. In many cases the results are quite positive. Monitoring has revealed, as
noted, the dramatic increase in forest cover throughout much of China. Also, in the
post 2000 period China has achieved the stabilization of farmlands and wet lands in
certain regions, reversing the earlier declining trends. The studies also assessed the
effects of the programs on soils, sequestrated carbon, land use and water in various
regions of China.

The volume is extraordinary for the breath of its coverage. Not only are nat-
ural systems assessed, but so are social and economic systems. Data are col-
lected and evaluated, for example, on economic condition, household income, and
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employment. The role of off-farm employment, for example, is shown to vary
considerably but often can be quite important in the agricultural sector. The method-
ological approaches covered in the volume include information obtained from
mapping, remote sensing, a host of on-the-ground procedures, as well as various
socio-economic data. The analytical approaches used in the chapters are even more
impressive covering theoretical and mathematical approaches and approaches that
depend on household sampling data. The studies include an assessment of produc-
tivity changes in the crop sector, which shows that over time the output trend has
increased despite a reduction in the area of croplands.

The studies provide a substantial improvement over the common practice of sim-
ply reporting on projects undertaken and accepting uncritically the assessment of
the government. This volume assesses the degree of success of the various programs
using empirical data that show some restoration programs have made significantly
positive impacts over the relatively short time periods. Importantly, however, the
authors are not naïve and counsel for care and vigilance in the development and
administration of programs for the future.

This volume fills an important gap in our knowledge of the effects of ecologi-
cal restoration programs upon a variety of Chinese lands and ecosystems. Sources
outside of China have tended to stress the ecological degradation that has occurred.
These studies indicate that there are serious efforts and some successes in revers-
ing that trend. The superficial impressions of improvements and restoration that one
might have based on selected observations are buttressed with data, facts, and anal-
ysis, suggesting that the improvements are, indeed, real. The volume’s coverage is
not confined to one sector. Restoration is being accomplished in a host of sectors.
Finally, not only is this volume useful in conveying the general sense of ecological
improvements, but it provides examples of useful analytical approaches and innova-
tive research advances that assist in assessing the effectiveness of various programs
and policies in China and elsewhere.

Washington, DC Roger A. Sedjo



Preface

Since the late 1990s, the Chinese government has launched several unprecedented
ecological restoration campaigns to deal with the increasingly severe problems of
soil erosion, flooding, dust storms, and habitat loss, among others. They include the
Sloping Land Conversion Program (SLCP), the Natural Forest Protection Program
(NFPP), and the Desertification Combating Program around Beijing and Tianjing
(DCBT). While there have been studies of these programs, many questions remain
to be examined concerning why the programs have been initiated, whether they
have been effectively implemented, what their induced socioeconomic and ecolog-
ical impacts are, and how their performance can be improved. To address these
overarching questions, my colleagues from the Forest Economics and Develop-
ment Research Center (FEDRC) of the Chinese State Forestry Administration and
Michigan State University (MSU) and I organized an international symposium in
Beijing, on October 19, 2007. It included invited speeches and panel discussions as
well as refereed presentations, many of which featured ongoing research projects
undertaken by scholars from MSU, FEDRC, and their partners.

After the symposium, I decided to edit a book based on the conference pre-
sentations, and the presenters and their associates have worked hard to prepare
their manuscripts for the book in a timely manner. Our consensus was that get-
ting these papers quickly published in a single volume would highlight the research
advances in assessing China’s ecological restoration programs and thus provide a
major source of literature, conceptual frameworks, models, and tools for contin-
ued assessment of the programs, particularly integrated assessment of the socioeco-
nomic and environmental impacts. If time proves that this book has indeed made a
valuable contribution in this regard, then our intention will have realized, for which
my colleagues and I will be grateful. As its editor, I will take responsibility for any
not so well articulated or elaborated arguments and language errors.

The book, containing 14 chapters, addresses a wide range of issues. It begins
with an up-to-date description of China’s ecological restoration programs (ERPs,
Chapter 1) and an extensive survey of the literature that has assessed the imple-
mentation efficacy and impact significance of these programs (Chapter 2). Then
it presents the research methodology of integrative assessment that my collabora-
tors and I have adopted (Chapter 3) and a case study of detecting the land use and
land cover changes (LUCC) induced by implementing the programs (Chapter 4).
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Chapters 5 and 6 are devoted to modeling the driving forces of the historical LUCC
in the upper Yangtze. Chapters 7 and 8 are attempts to quantify the potential ecologi-
cal impacts on carbon dynamics and soil erosion. The remaining chapters are efforts
to estimate the socioeconomic impacts of the programs, as reflected in income,
employment, and other dimensions of livelihoods.

In describing China’s ERPs, Chapter 1 covers their initiation, implementation,
and challenges. Overall, it appears that with the substantial government investment,
tremendous progress has been made in implementing the ERPs. For instance, the
forest area and volume have expanded significantly with the implementation of
the NFPP. Similarly, under the SLCP a large amount of degraded farmland and
grassland has been rehabilitated, and the forest and grass coverage has expanded
substantially. As a result, the ecological and socioeconomic conditions have seen
improvement. To complete their implementation successfully and to fundamen-
tally improve the ecosystem functions and services, however, the authors argue
that it is essential for China to embrace a more balanced and comprehensive
approach to ecological restoration, adopt better planning and management prac-
tices, emphasize local people’s active engagement, strengthen the governance of
project implementation, establish an independent and competent monitoring net-
work, and conduct timely and high-quality assessments of the program effectiveness
and impacts.

In addition to reviewing the literature on assessing the implementation efficacy
and impact significance of the ERPs, Chapter 2 also outlines several directions for
future research. In a nutshell, it finds that: (1) the implementation effectiveness has
not been examined as extensively as the impact significance; (2) efforts to assess the
impact significance have concentrated on the SLCP, particularly its socioeconomic
effects: growth of income, alternative industry, and employment, and likelihood of
re-conversion; and (3) most of the socioeconomic studies are based on rural house-
hold surveys, and discrete choice and difference in differences models. Future work
should thus pay more attention to the NFPP and other programs, and the environ-
mental impacts and the implementation effectiveness of all of them. To these ends,
the authors recommend that analysts gather more field data regarding the evolving
ecosystem conditions and socioeconomic information of higher aggregation, and
conduct their research across scales, with better application of geospatial technol-
ogy and more effective collaboration.

In presenting their research methodology of integrative assessment, the authors of
Chapter 3 first call for embracing both environmental and socioeconomic changes
and engaging investigations at multiple scales and through interdisciplinary col-
laboration with expertise from ecology, economics, hydrology, and geospatial, cli-
mate, and land change sciences. Echoing some of the recommendations made in
Chapter 2, they further argue that the deployment of geospatial capability, the use
of longitudinal data, and the connection between science and policy should be the
hallmarks of an integrative assessment. Then, they outline their general approach
and specific models to quantifying the environmental and socioeconomic impacts
of the ERPs, and to addressing the issue of how to overcome the challenges in
generating the data needed for executing various empirical tasks. The authors hold
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that the adoption and application of this methodology will lead to a more rigorous
and systematic assessment as well as implementation of the ecological restoration
programs in China.

Chapter 4 reports the land cover changes in northeast China from the late 1970s
to 2004. Even though land use statistics from governmental sources exist, their
availability and reliability are not promising. Coupled with the fact that the geospa-
tial technology is now not only well advanced but also cost effective, this led to
the authors’ decision to identify the regional LUCC using remote sensing and the
Geographic Information System. Their results are very encouraging. It is found
that while forestland and wetland were greatly reduced until 2000 due to farmland
expansion and urbanization, spurred by the population and economic growth, their
declining trends have been revered most recently. Meanwhile, built-up land has con-
tinued to increase. Further, the land cover changes occurred primarily in areas with
low elevation and gentle slope. These findings suggest that the forest and wetland
protection and restoration projects have indeed taken effect. However, the authors
warn that there remains a long way to go before the ecosystems are greatly recovered
and can function in the way that society expects.

Chapters 5 and 6 are attempts to modeling the driving forces of the LUCC in
the upper Yangtze basin, aiming to shed light on human impacts on the LUCC and
environmental conditions. In Chapter 5, the authors use a fractional logit model to
determine the effects of social, economic, and institutional factors on the changes of
cropland, forestland, and grassland. Based on a panel dataset covering 31 counties
over four time periods from 1975 to 2000, they show that population expansion, food
self-sufficiency, and better market access drove cropland expansion, while industrial
development contributed significantly to the increase of forestland and the decrease
of other land uses. Similarly, stable tenure had a positive effect on forest protection.
In addition to highlighting the main LUCC drivers, this chapter also illustrates the
limitations of the conventional choice models. To gain a better knowledge of the
complex interactions of human and natural drivers underlying the LUCC, Chapter 6
creates a system of simultaneous equations to capture the dynamic linkages, feed-
back, and endogeneity of the determinants. This novel structural model of land use
focuses on the multiple dimensions of agriculture – not only cropland use itself, but
also grain production, soil erosion, and related technical change. The results show
that technical change plays an important role in supplying food on a limited crop-
land; limiting cropland expansion in turn reduces soil erosion, which then benefits
grain production in the longer term. It is also found that policies and institutions
have significant impacts on land use change and the status of soil erosion. Together,
these results carry some important implications for sustainable land use and ecosys-
tem management. The alternative modeling strategies are beneficial to improved
knowledge of the drivers.

Chapters 7 and 8 are estimations of the changes in carbon storage and soil ero-
sion based on ecosystem simulation models. Quantifying the spatial and temporal
dynamics of carbon stocks in terrestrial ecosystems and carbon fluxes between the
terrestrial biosphere and the atmosphere is critical to understanding the regional
patterns of carbon storage and loss. In Chapter 7, the authors use the General
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Ensemble Biogeochemical Modeling System to simulate the terrestrial ecosystem
carbon dynamics in the Jinsha watershed of the upper Yangtze basin, based on
a unique combination of spatial and temporal dynamics of such major factors as
climate, soil properties, nitrogen deposition, and LUCC. It shows that the Jinsha
watershed ecosystems acted as a carbon sink during the period of 1975–2000, with
an average rate of 0.36 Mg/ha/yr, primarily resulting from regional climate variation
and local LUCC. Vegetation biomass accumulation accounted for 90.6% of the sink.
While soil organic carbon loss before 1992 led to a lower net gain of carbon in the
watershed, soils became a small sink thereafter. The carbon sink/source pattern had
a high degree of spatial heterogeneity, with sinks associated with forest areas with-
out disturbances and sources caused by stand-replacing disturbances. This underlies
the importance of land-use history in determining the regional carbon sink/source
pattern.

Land degradation caused by serious soil erosion has made the Loess Plateau
one of the poorest regions in China. To improve the environmental conditions, the
government has taken a number of measures there, including the SLCP. A natural
question to ask thus is whether and to what extent it has actually accomplished the
designed objective. Chapter 8 answers this question, concentrating on the soil ero-
sion dynamics in the Zuli River basin. The authors do so by adopting a distributed
soil erosion model to simulate the changes of water runoff and soil erosion induced
by implementing the SLCP, with the assistance of remote sensing and GIS technolo-
gies for parameterization of the land surface attributes. Their simulations show that
the improved ground cover, especially forestland and grassland, has resulted in an
erosion reduction of 38.8%, compared to the mean level of the 1990s. On the other
hand, the changed rainfall pattern has caused soil erosion to increase by 13.1%. In
combination, the authors obtain a net decrease of soil erosion by 25.7% in recent
years. This evidence suggests that China’s ecological restoration efforts have effec-
tively mitigated the regional water and soil loss.

Chapters 9–14 constitute studies of the different socioeconomic impacts of the
ERPs – with different sample sites, datasets, and modeling approaches. While most
of these chapters feature various versions of the difference-in-differences (DID)
model and panel data, one chapter estimates the aggregate NFPP impacts using
an input-output model and another measures the agricultural productivity change
induced by the SLCP. The authors of Chapter 9 note that the ERPs are often
designed with dual goals: to enhance ecosystem services and to alleviate poverty;
however, reaching both can be challenging. If the household’s supply of ecosys-
tem services is not positively correlated with poverty, tradeoffs may exist between
meeting the two goals. Moreover, even if the supply of ecosystem services and
poverty were positively correlated, cost-conscious program managers need to adopt
targeting approaches such that the poorer households with land that is less costly
to set aside and provides a higher environmental benefit are selected. To explore
strategies by which both the environmental and poverty alleviation objectives of
a program can be achieved cost effectively, they develop a conceptual framework
to understand the implications of alternative targeting when policy makers have
both environmental and poverty alleviation goals. Using the SLCP as a study case,
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they then evaluate what factors determine the selection of program areas. Having
demonstrated the heterogeneity of parcels and households, they examine the corre-
lations across households and their parcels in terms of their potential environmental
benefits, opportunity costs of participating, and the asset levels of households as an
indicator of poverty. Finally, they compare alternative targeting criteria and simulate
their performances in terms of cost effectiveness in meeting both the environmen-
tal and poverty alleviation goals when given a fixed budget. It is found that there
is a substantial gain in the cost effectiveness of the program by targeting parcels
based on the “gold standard,” – targeting parcels with low opportunity cost and high
environmental benefit managed by poorer households.

In Chapter 10, the authors hypothesize that in addition to participation status and
household characteristics, the SLCP’s impacts on income growth and labor trans-
fer are determined by the local economic conditions, program extent, and polit-
ical leadership; and the income impacts may vary from sector to sector. To test
these propositions, they compiled a dataset of 600 households in three counties of
the Loess Plateau region, with observations for times both prior to and after the
program initiation (1999 and 2006), both aggregate and categorical incomes, and
both participating and non-participating households. Using a simple DID model,
they find that participation status, economic condition, program extent, and politi-
cal leadership have all had significant impacts on household income and off-farm
employment. Also, the effects of participation on crop production income, animal
husbandry income, and off-farm income vary substantially. Obviously, these results
have great policy meanings regarding how to improve the effectiveness and impacts
of the ERP in China.

In Chapter 11, the authors assess the impact of the NFPP on local household
livelihoods. To that end, they apply a series of policy evaluation microeconometric
techniques to quantify the program’s effects on two interrelated facets of household
livelihoods: income and off-farm labour supply. They find that the NFPP has had
a negative impact on incomes from timber harvesting, due to logging restrictions.
However, they show that off-farm labor supply has increased more rapidly in NFPP
areas than in non-NFPP areas. As such, the NFPP has actually had a positive impact
on total household incomes from all sources. Furthermore, this result is strongest
for employment outside the village. On the basis of these results, the authors also
offer an intriguing discussion concerning how to mitigate the negative impact of the
program and strengthen its positive impact on household livelihoods.

China’s ecological restoration programs, which are sometimes referred to as “the
Priority Forestry Programs,” or PFPs, also include the Wildlife Conservation and
the Nature Reserve Development Program (WCNR) and the Shelterbelt Develop-
ment Program (SBDP). In addition to improving the environmental and resource
conditions, a frequently reiterated goal of these PFPs is to enhance the income of
rural residents. Thus, a question of common interest is: How has implementing the
PFPs affected the farmers’ income and poverty status? The task of Chapter 12 is to
address this question, using a fixed-effects model and panel data from over 2,100
households in ten counties of Sichuan, Hebei, Shaanxi, and Jiangxi. The evidence
indicates that their effects are mixed. The impacts of the SLCP, the NFPP, and the
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DCBT are significantly positive, whereas the impact of the WCNR is negative and
the SBDP has little effect on household income. Further, these impacts show sub-
stantial variations in different counties. Additionally, land for home gardening, labor
for off-farm employment, and technical and institutional changes play major roles,
indicating that more attention should be directed to program designing and income
increasing from cash crops, off-farm employment, and education. Lastly, this chap-
ter reminds us that when multiple ERPs are undertaken, focusing on one but ignor-
ing the other(s) can result in incomplete or even biased findings.

Using the Malmquist index method and household survey data, the authors of
Chapter 13 find that during the period of 1998–2004, the total factor productivity
(TFP) in Wuqi of northern Shaanxi grew by 15.8%. By decomposing the TFP, they
further show that its increase is due exclusively to the improvement of technical
efficiency, rather than to technological change. To validate these findings and put
them in perspective, they take a further step to derive the TFP change with county-
level aggregate data. It is revealed that driven by technological change and scale
efficiency, the TFP experienced a slow growth during the period of 1992–1998.
Because of the tremendous cropland reduction and production mode shift caused
by implementing the SLCP, the TFP declined substantially during the first three
years of the program. Due to continued improvement of technical efficiency, how-
ever, its growth accelerated later. Altogether, their empirical evidence corroborate
the fact that implementing the SLCP has contributed to the agricultural TFP growth
in the longer term, and that the efficiency improvement has resulted mainly from
the increased public expenditures for extension services and diffusion of technical
knowledge. Wuqi’s experience proves that it is possible to achieve environmental
conservation and productivity increase simultaneously, even when facing a huge
cropland reduction and production mode alternation.

In Chapter 14, the authors measure the aggregate socioeconomic impacts, direct
and indirect, of the NFPP using input-output (I-O) models. They find that the NFPP
will expand the annual output of the forest sectors by 5.8 billion yuan and the whole
economy by 8.9 billion yuan by 2010. Employment will increase by 0.84 million
in the forest sectors and by 0.93 million in the whole economy. Associated with
the enormous expansion of forest protection and management are potential contri-
butions to mitigating water runoff, soil erosion, flooding, and biodiversity loss. So
they conclude that the investments and adjustments are worthwhile, if the program
is properly implemented. In their view, the challenges are to transform loggers into
tree planters and forest managers and ensure that the financial and institutional com-
mitments by the local and national governments will be materialized.

Based on all of the empirical evidence of the environmental and socioeconomic
impacts reported in this book, it seems clear that, by and large, China’s ERPs have
already had significantly positive impacts. This is so even with relatively short time-
series data. Therefore, the government agencies, local farmers, business employees,
policy practitioners, and other stakeholders should be encouraged by these affirma-
tive findings. However, it should be pointed out that there are great opportunities to
improve the effectiveness and impacts, and indeed, as insisted by many authors, a
lot more can be done. This book is one of the only few publications of integrative
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assessment of the ERPs so far and further study of the socioeconomic impacts and
particularly the ecological impacts should be pursued. For that matter, the science
community needs to join hands in conducting quality assessment. This is truly an
exciting and emerging area of research with great policy relevance and intellectual
potential.

The book as a whole or its selective chapters can be used for teaching advanced
classes on assessing the ecological and socioeconomic impacts of ecological restora-
tion programs, evaluation of ecosystem services, and China’s forestry and envi-
ronmental conservation. The methodology, modeling frameworks, data-generating
mechanisms, and analytic tools are useful to other researchers as well. In fact, some
of the chapters have been published or accepted for publication as peer-reviewed
articles, while others are being reviewed for publication in an Environmental Man-
agement special issue. It is my sincere hope, and indeed the hope of all of the con-
tributors to this book, that its publication will promote more active assessment of
the programs and more careful examination of the related policy measures to make
them more effective.

East Lansing, MI Runsheng Yin
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Chapter 1
China’s Ecological Restoration Programs:
Initiation, Implementation, and Challenges

Runsheng Yin and Guiping Yin

Abstract China has been undertaking several major ecological restoration
programs in recent years, including the Sloping Land Conversion Program, the Nat-
ural Forest Protection Program, and the Desertification Combating Program around
Beijing and Tianjing. This chapter summarizes how these programs have been ini-
tiated and implemented, and what the main challenges are in carrying them for-
ward. It seems that with huge government investments, tremendous progress has
been made in implementing them. However, in order to complete them successfully
and to fundamentally improve the ecosystem functions and services, it is essen-
tial for China to have a more balanced and comprehensive approach to ecological
restoration; adopt better planning and management practices; strengthen the gov-
ernance of program implementation; emphasize local people’s active engagement;
establish an independent, competent monitoring network; and conduct timely and
high-quality assessments of the program effectiveness and impacts. We believe that
in each of these areas, the international community can and should provide a wide
range of technical assistance.

Keywords Land conversion · Forest protection · Desertification · Program
effectiveness and impact · Policy improvement

1.1 Introduction

Induced by population pressure, economic growth, and historic exploitation, a large
portion of China’s primary forests and wetland was depleted, and a high percent-
age of its farmland and grassland was degraded (WWF, 2003; Yin et al., 2005).
These ecosystem disturbances caused extensive desertification, flooding, soil ero-
sion, dust storms, elevated levels of greenhouse gas emissions, and severe damage to
wildlife habitat (Liu & Diamond, 2005; Xu, Yin, Li, & Liu, 2006). To address these

R. Yin (B)
Department of Forestry, Michigan State University, East Lansing, MI 48824, USA;
Ecosystem Policy Institute of China, Chaoyang District, Beijing 100102, P.R. China

1R. Yin (ed.), An Integrated Assessment of China’s Ecological Restoration Programs,
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concerns and to improve its environmental conditions, China has been undertak-
ing several major ecological restoration efforts (EREs), including the Natural Forest
Protection Program (NFPP), the Sloping Land Conversion Program (SLCP), and
the Desertification Combating Program around Beijing and Tianjin (DCBT). These
EREs represent large-scale, transformational changes and will have profound envi-
ronmental and socioeconomic impacts both domestically and internationally (Forest
and Grassland Taskforce of China, 2003; Wang, Innes, Lei, Dai, & Wu, 2007).

A few studies have investigated the early implementation of these programs,
their preliminary impacts, and the perceived problems in carrying them forward.
For instance, Xu et al. (2006) was one of the earliest efforts that summarize the
essentials, progress, and effects of the NFPP and SLCP. The authors also com-
mented on the challenges facing the programs. Similarly, Liu et al. (2008) reported
the implementation of these two programs, reviewed the patchy evidence of their
effects, and suggested steps for improving their effectiveness, including systematic
planning, diversified funding, effective compensation, integrated research, and com-
prehensive monitoring. In addition, Wang, Innes, et al. (2007) presented a synopsis
of these and other programs and then related them to the latest forest tenure reform
and other policy initiatives of the Chinese government. Undoubtedly, China’s expe-
riences and lessons of ecological restoration are of broad interest and a lot has been
learned of the NFPP and the SLCP from these and other studies.

Nonetheless, China’s EREs are not limited to the NFPP and the SLCP (Wang,
Innes, et al., 2007; Liu et al., 2008), and a complete documentation and a timely
updating of all the major efforts are still missing in the literature, which are not
conducive to gauging the scope of these programs and the scale of their impacts.
Additionally, a more thorough and critical deliberation of the relevant policy and
technical measures remains urgently needed for improving the implementation of
these programs. The purpose of this paper is to tackle these tasks and thereby to
advance the international understanding and to facilitate the execution of China’s
EREs. Before proceeding, it should be noted that because of space limitation and
potential diffusion of attention, we have decided not to review the literature that
has assessed the socioeconomic and ecological impacts of the EREs here.1 Further-
more, given that our tasks are to narrate the basic contents of the programs and their
progress and to discuss the major issues encountered in their execution, a number of
the statistics will be drawn from official sources and a largely descriptive analysis
will suffice.

The paper is organized as follows: In the remainder of this section, we will pro-
vide the historic background, against which China’s EREs were launched; then, we
will present their key elements and implementation in the next two sections; finally,
we will address the critical issues that China faces in successfully completing these
programs and fundamentally improving its ecosystem functions and services.

After the People’s Republic of China was established in 1949, large tracts of pri-
mary natural forests remained in the northeast, southwest, and a few other places.

1Readers interested in this literature can refer to Chapter 2 for a comprehensive review.
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Later, most of these forests were nationalized and 136 state-owned forest bureaus
were gradually set up in these forests to produce timber to spur the young economy
(SFA, 2001). Along with this strategy of resource exploitation, the old governance
system came into play, under which the state enterprises lacked incentive and auton-
omy to manage and utilize the resources efficiently (Yin, 1998). Since logging was
the main, or even the sole, revenue source and the forest bureaus had to assume
the heavy burden of providing almost all of the social services for their workforce,
over-cutting became prevalent and regeneration and management were neglected.
At the same time, population growth and demand for employment in these forest
regions led to more fuelwood consumption, housing construction, and land clear-
ing. Consequently, China’s natural forests were quickly depleted (Liu, 2002). The
over-cutting and under-management also resulted in structural deterioration of the
forests, as reflected in reduced stocking volume, imbalanced age structure, altered
species composition, and low growth rate (Yin, 1998).

Unfortunately, the ecological environment in the rural society was even worse.
The collectivization in the 1950s discouraged people from tree-planting and for-
est management. Soon after, as part of the attempt to industrialize, a campaign to
increase steel production took place during the Great Leap Forward. In many cases,
even backyard furnaces fueled by wood charcoal were deployed for that purpose
(Yin, 1994). Throughout the 1960s and 1970s, forest and grassland conversion to
other uses was also carried out under the chronic crisis of grain shortages on the one
hand and the national policy of food self-sufficiency on the other. These malprac-
tices resulted in severe destruction of vegetation and deforestation. Also, farming
on steep slopes became common due to demographic explosion and lapses in reg-
ulation (Du, 2001). Coupled with uneven rainfalls and rugged terrains, this led to a
substantially reduced ecosystem capacity to regulate water flows and to contain soil
erosion (Lu et al., 2002). These factors were deemed to be the primary reasons for
the record dry-up of the Yellow River in 1997 and the widespread flooding in the
Yangtze basin in 1998 (Xu & Cao, 2001). Another disaster has been the loss of grass
cover and desertification in the west, driven by uncontrolled grazing, poor mainte-
nance of rangeland, and human-induced decline of water tables (Yin et al., 2005).

To be sure, the Chinese government made attempts to combat the growing envi-
ronmental problems in the past, but the record of their effectiveness was utterly
disappointing. Since 1978, for instance, a number of afforestation projects has
been launched (Xu et al., 2006). Despite their broad geographic reach and remark-
able planting efforts, public investments were limited, and the efforts were rarely
followed through (Smil, 1993). Often, sites were poorly prepared, seeds and/or
seedlings were not properly planted, and saplings were not well tended. Therefore,
these forestry projects have failed miserably in delivering the expected environmen-
tal benefits. Similar problems have hindered the efforts to curb farming on slopes
(Xu & Cao, 2001). In addition, having gained economic independence from the rural
reforms, many farmers aggressively sought new croplands, just like herders hastily
increased their livestock (Du, 2001). Oftentimes, this meant that a large number of
the more sensitive patches on steeper slopes were claimed, and a great amount of
the grassland in the arid and semi-arid regions was overgrazed.
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In short, the successive occurrences of ecological disasters in the late 1990s indi-
cated that China’s historic efforts to protect ecosystems had not improved the overall
ecological conditions and more decisive and forceful measures are thus called for
to bring the problems under control. It was against this backdrop that the new EREs
were launched and the existing ones consolidated. The State Forestry Administra-
tion (hereafter, SFA), prompted by the ecological disasters and charged by the State
Council, proposed the NFPP in 1998 as a large-scale scheme to protect most of
the natural forests and, then, the SCLP in 1999 to convert croplands on slopes and
desertified fields back to forestland, grassland, and wetland on an even larger scale.2

Moreover, China has indeed been carrying out four other programs: the Deser-
tification Combating Program around Beijing and Tianjin, the Shelterbelt Network
Development Program, the Wildlife Conservation and Nature Reserves Protection
Program, and the Industrial Timberland Plantation Program (SFA, 2002). Alto-
gether, they are designated by the SFA as the “Six Priority Forestry Programs” of
ecological restoration and resource expansion and are incorporated into the national
economic development and environmental protection plans (SFA, 2007; Wang,
Innes, et al., 2007).3 The Chinese government hopes that these programs will not
only greatly improve the domestic resource and ecological conditions as well as
rural livelihoods, but also significantly contribute to regional and global environ-
mental causes (Yin et al., 2005; Liu et al., 2008). The total investment in these pro-
grams over this decade will easily top 500 billion yuan (Wang, Innes, et al., 2007).4

1.2 Program Contents

1.2.1 The NFPP

Because a dominant portion of the natural forests is national forests managed by
the state forest enterprises (Yin, 1998), the NFPP is thus geared towards national
forests and state forest enterprises. After 2 years of trial, it was formally launched
in 2000. The specific goals of the NFPP are to: (1) reduce timber harvests from
natural forests from 32 million m3 in 1997 to 12 million m3 by 2003; (2) conserve
nearly 90 million ha of natural forests; and (3) afforest and re-vegetate an additional
8.7 million ha by 2010 by means of mountain closure, aerial seeding, and artificial
planting (Liu, 2002).

2The SLCP is also known as the “Grain for Green” in the literature (WWF, 2003; Xu et al., 2006).
3They are called forestry programs because they have a clear forest orientation and are managed by
the State Forestry Administration. Notably, there have been other ecological restoration programs,
such as the water and soil conservation ones undertaken by the Ministry of Water Resources and
the farmland and grassland protection ones administered by the Ministry of Agriculture. However,
the geographic coverage and public investment in these programs are generally much smaller.
4This is equivalent to roughly US$70 billion given the current exchange of $1 = 6.85 yuan.



1 China’s Ecological Restoration Programs 5

As a result of the logging bans and harvest reductions, 740,000 loggers and other
workers in the downstream of the timber supply chain were displaced. So, the NFPP
also stipulates that those displaced employees would be transferred to forestation
and forest management activities, retired, or laid off, depending on their individual
status and choice, and reemployment opportunities, among other things. In addition,
all existing and newly retired employees would be incorporated into the provincial
pension and social security systems; for the laid-off workers, a minimum living
expenditure would be assured. This could have created a great budgetary burden
for the provincial and county governments where forestry was a main sector. To
alleviate the problem and explore new business opportunities, the financial burden
is partly shared by the central government.

The widespread defaults of the state forest enterprises on their financial obliga-
tions caused by the drastic business disruption also mean that the government would
have to write off a large amount of business debt. Additionally, to protect existing
resources, expand resource coverage, and improve resource quality, the government
has allocated a large sum of funds for the conceived forestation, re-vegetation, and
land management activities. The original budget of the program was 96.4 billion
yuan until 2010. Of that total, 85% would be covered by the central government and
15% by governments of the involved provinces (SFA, 2001).

1.2.2 The SLCP

The land conversion piloting began in 1999 in Sichuan, Shaanxi, and Gansu, located
in the middle and upper reaches of the Yellow River and the upper reaches of the
Yangtze River. The SLCP was originally planned for the period of 2001–2010 in
two phases. The first phase, from 2001 to 2005, was aimed at a preliminary con-
trol of the fragile ecological situation in the program areas. A main task was to
retire and convert 11.33 million ha of sloping farmlands, including 4.4 million ha
on slopes steeper than 25◦, and desertified fields. Meanwhile, another 13.33 mil-
lion ha of sparsely vegetated mountainous, hilly, and sandy lands was included for
forestation or re-vegetation. It was envisioned that these steps would lead to not only
a significant increase of vegetation cover, but also erosion control and desertifica-
tion curtailment on a large scale. During the second phase, from 2006 and 2010, the
SLCP was designed to retire and convert an additional 3.3 million ha of farmlands
and afforest and re-vegetate 4.0 million ha more of the sparsely vegetated hilly and
sandy fields. It was expected that by 2010, the vegetation cover would be further
expanded, ultimately resulting in erosion control over 86.67 million ha and deserti-
fication containment over 102.67 million ha (SFA, 2002).

The SLCP mandates that farmers who participate in the land retirement and con-
version be compensated. The retired farmland may be converted into ecological
forests (forests primarily providing ecological functions and services), commercial
forests (forests producing timber, fruits, nuts, and medical and other commodities),
or grass cover as appropriate. The compensation scheme includes annual grain and
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cash subsidies, and free seeds/seedlings at the beginning of the conversion. The
subsidies are for 8 years if ecological forests are established, 5 years if economic
forests are established, and 2 years if grass cover is established (Xu & Cao, 2001).
To account for regional variations of crop yields and population densities, the grain
subsidy is set at 2,250 kg/ha in the Yangtze River basin and 1,500 kg/ha in the Yel-
low River basin. The cash subsidy is 300 yuan/ha for eligible land each year. Finally,
agricultural taxes on the converted lands are exempted and the loss of local revenues
due to reduced agricultural output and shrunk tax base are shared by the central gov-
ernment. The total investment was projected to be 225 billion yuan for this decade
(Tang, 2007).

1.2.3 The DCBT

In the spring of 2000, sandstorms invaded northern China twelve times. The high
frequency, broad coverage, and large damage of these events had seldom been seen
over the past half century. Shocked by these events, the central government quickly
drew up a blueprint to inhibit the encroachment of desertification and to improve
the natural environment for Beijing, the capital of China, and its adjacent areas,
thus leading to the commission of the DCBT. The program was also drawn up for
the period of 2001–2010. The main target of the DCBT is to treat 10.13 million
ha of desertified lands, of which 5.21 million ha is to be vegetated or re-vegetated.
To fulfill the tasks, adopted measures include conversion of cropland to forests,
grassland rehabilitation, selective banning of open grazing, integrated watershed
management, and ecological resettlement.

The area of cropland that would be converted to forest and grass coverage
is roughly 2.63 million ha. Meanwhile, over 4.94 million ha of degraded, sandy
fields will be afforested or reforested, 10.63 million ha of grassland rehabilitated,
23,445 km2 of small watersheds protected, and 180,000 villagers resettled.5 Farm-
ers and herders involved in these activities are compensated as well. In addition to
cropland retirement, which receives a subsidy similar to that under the SLCP, com-
pensations for other activities are the following: afforestation at 4,500 yuan/ha, for-
est regeneration via aerial seeding at 3,000 yuan/ha and mountain closure at 1,050
yuan/ha, grassland establishment via artificial planting and aerial seeding at 1,800
and 1,500 yuan/ha, grassland fencing at 1,050 yuan/ha, livestock pen building at 200
yuan/m2, integrated watershed management at 200,000/km2, and ecological reset-
tlement at 5,000 yuan/person. The program covers 75 counties in Beijing, Tianjing,
Hebei, Shanxi, and Inner Mongolia. The estimated total investment is 57.7 billion
yuan (SFA, 2003).

5In certain places, the carrying capacity of the degraded farmland and grassland ecosystems has
become so abysmal that the farmers and herders have no choice but to get resettled to other more
viable locations. Understandably, the degraded lands will be covered in the rehabilitation effort in
this case. The question remains, though, how to guarantee the farmland and grassland around the
newly resettled sites will not be degraded in the future.
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1.2.4 Other Programs

In this section, we synthesize the other three EREs – the Wildlife Conservation and
Nature Reserves Protection Program (WCNR), the Shelterbelt Network Develop-
ment Program (SNDP), and the Industrial Timberland Plantation Program (ITPP).

The WCNR strives to expand the number of nature reserves and enhance the
protection of wildlife. It sanctions that the total number of reserves should reach
1,800 by 2010 and 2,000 by 2030; and it stipulates that the primary protected areas
be administrated by the central and provincial governments, while smaller and less
critical areas managed by the municipal and county governments (SFA, 2002). In
addition, included in it are measures of wetland restoration, ecotourism develop-
ment, wildlife breeding, as well as strengthening the role of science and technol-
ogy, particularly monitoring and evaluation of reserves and biodiversity. The total
planned investment is 135.65 billion yuan over a period of 30 years from 2001, with
roughly a half (66.5 billion) by the central government. The program also seeks
active domestic and international participation, including broad involvement of the
private sector.

Covering the vast Three Norths (northwest, north, and northeast), the Yangtze
River basin, the Zhujiang River basin, and the Taihang Mountain Range, the SNDP
intends to mobilize public agencies, civil society, and individuals to engage in shel-
terbelt development and maintenance and extensive tree planting.6 Its goal is to
mitigate wind-induced erosion, landslides, and flooding, and to protect grasslands,
riverbanks, and coastal lines (SFA, 2002). With limited investment by the central
government – 70 billion yuan over the period of 2001–2010, however, it aggres-
sively seeks regional investments and local labor contributions. Additionally, it sup-
ports the adoption of appropriate silvicultural techniques and the integration of shel-
terbelts with farming and grazing by means of agroforestry practices.

The ITPP represents a major market-driven effort for increasing domestic timber
supply (SFA, 2002). To induce private initiative and engagement, as high as 70% of
the investment may come from loans subsidized by the National Development Bank
and tax incentives are prescribed as well. It also urges active involvement by various
types of business entities – state or collectively owned, shareholder based, or fully
private. The planned area of establishment is 4.7 million ha from 2001 to 2005, 9.2
million ha by 2010, and 13.3 million ha by 2015, respectively. The projected total
investment by the government is 71.8 billion yuan.

The six programs are summarized in Table 1.1. Obviously, these EREs vary
hugely in terms of their mission, time coverage/duration, and financial commitment,
among other things. Nonetheless, the SLCP is by far the largest. Notably, except for
the SLCP and the NFPP, none of these programs were brand new or recently ini-
tiated, as some authors have suggested. Rather, certain forms of their predecessors

6The shelterbelt network in the Three Norths, once fully developed, will constitute a vast belt of
400–700 km wide and 4500 km long that parallels the Great Wall. Thus, it is often called the
“Green Great Wall” by the government and the media (SFA, 2002).
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Table 1.1 Key policy measures of the Six Priority Forestry Programs

Program Key policies

Sloping Land Conversion
Program (SLCP),
covering 25 provinces
during 2001–2010

• Sloping or desertified cropland is converted into
ecological/economic forest, and grassland; ecological forest
should account for 80% of the converted land.

• The central government subsidizes farmers with seeds or
seedlings, grain, and cash.

• Subsidies last 8 years for ecological forest, 5 years for economic
forest, and 2 years for grassland. The annual cash subsidy is 300
yuan/ha, and the annual grain subsidy is 1,500 kg/ha in the
Yellow River basin and 2,250 kg in the Yangtze River basin.

• The central government also makes fiscal transfers to compensate
the entailed losses to local fiscal revenues.

• The estimated total investment is 225 billion yuan.

Natural Forest Protection
Program (NFPP),
covering 17 provinces
during 2000–2010

• Complete ban on commercial logging in the upper Yangtze and
upper and middle Yellow River basins and sharp reduction in
commercial harvests in other regions.

• Shutting down certain processing facilities, compensating
logging firms, and dealing with displaced workers and
equipment.

• Promotion of afforestation and forest management wherever
necessary.

• Strengthening administration and law enforcement, including
forest protection.

• Restructuring the forest industry, and improving the efficiency of
timber utilization.

• The initial investment commitment is 96.4 billion yuan.

Wildlife Conservation and
Nature Reserve
Development Program
(WCNR), scattered all
over the country during
2001–2050

• Priority protected areas are administrated by the central
government, while smaller and less critical areas are managed by
the regional governments.

• Established reserves will reach 1,800 by 2010, 2,000 by 2030,
and 2,500 by 2050.

• Included are also wetland protection and restoration, ecotourism
development, and wildlife breeding.

• Encouraging domestic and international participation and
contributions, including broad involvement of the private sector.

• Strengthening the role of science and technology, particularly
nature reserve and biodiversity monitoring and evaluation.

• Total planned investment is 135.65 billion yuan, with roughly a
half covered by the central government.

Shelterbelt Development
Program (SBDP),
covering all 31
provinces during
2001–2010

• Including the Three Norths (northwest, north, and northeast), the
Yangtze River basin, the Zhujiang River basin, and the Taihang
Mountain Range.

• Mobilization of public agencies, civil society, and individuals to
participate in shelterbelt development and tree planting.

• Encouraging regional government investment and local labor
contribution, and adopting new silvicultural techniques.

• Total planned investment is 70 billion yuan.
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Table 1.1 (continued)

Program Key policies

Desertification Combating
around Beijing and
Tianjing (DCBT),
including Inner
Mongolia, Hebei,
Shanxi, Beijing, and
Tianjin during
2001–2010

• Converting desertified land into forestland and grassland by
means of flexible and diversified measures based on the local
conditions.

• Changing herding and animal husbandry practices to control
overgrazing and rehabilitate degraded grassland.

• Developing irrigation projects and resettling people away from
fragile areas.

• Extension of suitable production technology and energy sources.
• Establishing desertification monitoring and dust storm

forecasting systems.
• Total projected investment is 57.7 billion yuan.

Industrial Timber
Plantation Development
Program (ITPP),
covering 18 provinces
during 2001–2015

• Market-driven and profit-orientated efforts for increasing
domestic timber supply.

• As high as 70% of the investment may come from loans
subsidized by the National Development Bank.

• Tax incentives are provided.
• Encouraging active participation by various enterprises – state or

collectively owned, shareholder based, or fully private.
• Planned area of establishment is 4.69 million ha by 2005, 9.2

million ha by 2010, and 13.33 million ha by 2015.
• Projected total investment is 71.8 billion yuan.

had been in existence much earlier and they were consolidated a few years ago for
more effective administration or reoriented for more focused targeting (SFA, 2002).
For example, the shelterbelt expansion in the Three Norths, the upper Yangtze basin,
and other regions were originally launched in the 1970s and 1980s. It was only in
2001 when they were combined under the single SNDP umbrella. Another example
is desertification combating, which was and still is carried out on a vast geographic
scale. The DCBT was an outgrowth and thus a key component of this undertaking,
in response to the frequent invasion of dust storms to Beijing, Tianjin, and other
cities in the northern plains (SFA, 2002). And desertification combating in other
areas now overlaps with and even has become part of the SLCP.

1.3 Implementation and Outcome

Since their initiation, farmers, herders, state employees, and other stakeholders
as well as communities and public agencies have enthusiastically participated in
these ambitious EREs. It appears that with the unprecedented government financ-
ing, remarkable progress has been made in implementing them (Xu et al., 2006;
Wang, Innes, et al., 2007; Liu et al., 2008). Therefore, the government claims that
the ecosystem conditions and people’s livelihoods have been significantly improved
(SFA, 2007).
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1.3.1 Implementation

In carrying out the NFPP, the targets of logging bans, commercial harvest reduction,
resource protection, reforestation, and afforestation have been well met. Timber pro-
duction has been restricted to the quota determined by the State Council. In 2006,
for instance, the total production of commercial roundwood was 13.5 million m3 in
the whole program area. Over 90 million ha of natural forests has been effectively
protected, and forestation via artificial planting, aerial seeding, and mountain clo-
sure has reached 15 million ha. Regional and local authorities have made concerted
efforts to develop alternative business opportunities and transform the forest-based
economy. Ecotourism and other activities – dairy, cattle, and deer farming, growing
annual crops, mushrooms, fruits, and ginseng, and collecting wild herbs, nuts, and
vegetables – have gained broad recognition. Also, more and more of these activities
have been undertaken by private enterprises.

Meanwhile, 665,000 state employees in logging, hauling, and wood products
processing have been terminated, with over 200,000 transferred to forest protec-
tion and management and 353,600 terminated their contracts (SFA, 2007). A social
safety net, including employee pension and medical and unemployment insurance,
has been put in place to cover 99% of employed and retired personnel. Statistics sug-
gest that a bulk of the investment (68% prior to 2004) in state forest bureaus has been
spent on employee settlement and benefits, rather than on actual forest protection,
management, and tree planting (SFA, 2006). Thus far, a total of 57.5 billion yuan
has been invested, of which 53.9 billion yuan has been made by the central gov-
ernment, accounting for 93.69%. Implementing the NFPP has also caused a large
amount of the logging, hauling, and processing assets in state forest enterprises to
become obsolete. To get these assets disposed and to write off the principals and
interests of loans acquired by these firms, the central government has added 24.5
billion yuan to its budget (Tang, 2007). Hence, the actual investment is expected to
be no less than 120.7 billion yuan in this decade. And there have been indications
that the central government will extend the program well into the next decade (SFA,
2008).

In March 2000, the SLCP enrolled 174 counties in Yunnan, Guizhou,
Sichuan, Hubei, Shanxi, Henan, Shaanxi, Gansu, Ningxia, Qinghai, Xinjiang, and
Chongqing. Then, in 2001, it was expanded to 20 provinces, 400 counties, and
27,000 villages. Participation grew to 120 million farmers in 32.5 million house-
holds of 2,291 counties, with a concentration in the west (SFA, 2006). In the first 3
years, 1.2 million ha was converted, with an expenditure of 3.65 billion yuan (Xu &
Cao, 2001). In 2002 and 2003, however, converted cropland jumped to 2.9 million ha
and 3.3 million ha, respectively (SFA, 2004). By the end of 2004, a total of about 9
million ha of cropland had been retired, including 4 million ha on slopes steeper than
25

◦
. But thereafter, the government scaled back the cropland retirement abruptly –

restricting annual enrollment within 0.67 million ha, due to the reality of dwindling
grain surplus and concern for food security (Xu et al., 2006). These unexpected
ups and downs and the added issues of set-aside enrollment and site and seedling
preparation have made it difficult to execute the program smoothly. Meanwhile, the
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subsidies have shifted to the provision of seeds/seedlings and payment made wholly
in cash, with grain valued at a fixed rate of 1.4 yuan/kg (Tang, 2007).

From the onset of the SLCP, the central government promised that the period
of grain and cash subsidies would be extended if, after review, there were qual-
ified lands (Du, 2001). Nevertheless, there had been a general concern regarding
whether or not the government would honor its promise. In 2007, the State Council
announced that the program would be extended until 2021, considering that many
participating farmers are still facing poverty and having difficulty of finding alter-
native employment and income opportunities after having converted their farmland
(Tang, 2007). However, the new scheme has begun with a major adjustment: In
addition to keeping the original cash subsidy of 300 yuan/ha/year, the amount of
subsidized grain has been halved. Consequently, the total subsidy has become 1,875
yuan/ha/year in the Yangtze River basin and 1,350 yuan/ha/year in the Yellow River
basin. Again, the subsidies will last 8 years if ecological forests are planted, 5 years
if economic forests are planted, and 2 years if grass cover is established.

With 206.6 billion yuan added to it according to the adjusted policy, the total
investment of the SLCP up to 2021 will amount to 431.1 billion yuan (Tang, 2007).
It was also indicated that a special fund would be set up by the Ministry of Finance
to promote the long-term development of farmers’ livelihoods and environmental
recovery. This means that there will be continued investment in poverty alleviation,
infrastructure expansion, ecological resettlement, alternative energy, and mainte-
nance of forests and grassland (Tang, 2007).

Progress of the DCBT is also impressive. Up to 2006, afforestation expanded to
2.8 million ha by means of artificial plantation and aerial seeding, and to 1.3 mil-
lion ha by means of mountain closure. Also, about 1.5 million ha of grassland was
rehabilitated, 0.5 million ha of small watersheds treated, and over 101,000 poverty-
stricken people resettled to places where a basic livelihood can be sustained (SFA,
2007). Total investment in the program reached to 13.6 billion yuan from its incep-
tion in 2000 to 2006. Surveys show that most of the investment has been used for
subsidized cropland conversion to forests and grassland.

Likewise, two other programs – the WCNR and the SNDP – have made tremen-
dous advances. The number and area of nature reserves have increased steadily,
and the conservation of wild plants and animals has been enhanced greatly. By the
end of 2006, there were already 1,740 nature reserves, accounting for 12.6% of the
country’s land base.7 Through these reserves, 90% of the terrestrial eco-zones, 85%
of the wild animal species, 65% of the plant communities, and 45% of the wet-
land have been put under protection (SFA, 2007).8 Similarly, during the period of
2001–2006, afforestation, reforestation, and other land rehabilitation schemes were
widely executed under the SNDP, which gained 3.25 million ha in the Three Norths

7Of the 1740 nature reserves, 198 are national ones, 583 provincial ones, 289 municipal ones, and
670 county-level ones (SFA, 2006).
8Included in them are over 300 rare and endangered animal species, including panda, tiger, ele-
phant, monkey, and crane, as well as more than 130 rare and endangered plant and tree species
(SFA, 2006).
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and 3.05 million ha in the Yangtze River basin (SFA, 2007). In comparison, less
than 0.4 million ha of industrial timber plantations were established during the same
period under the ITPP (SFA, 2007), suggesting its very slow development.

1.3.2 Preliminary Outcomes

According to government reports, the natural resource conditions have been much
improved due to implementing the EREs. During the period of 1999–2006, the for-
est area gained 8.1 million ha, and the stocking volume increased by 466 million m3

in areas covered by the NFPP (Tang, 2007). Similarly, a large amount of degraded
farmland and grassland has been converted and rehabilitated, and the forest and
grassland coverage expanded substantially in implementing other programs (SFA,
2007). As a result, the ecological conditions have been improved as well, as broadly
reflected in the decline of soil erosion and water runoffs, expansion of wildlife habit
and species abundance, and reduction of sandstorm and flood occurrence. At the
same time, the economic structure has been fundamentally adjusted, as indicated by
the flourishing of non-timber forest products, growth of ecotourism and recreation,
diversification of local economies, acceleration of labor transfer, increase of income
and living standards, and reduction of poverty incidence (SFA, 2007).

While these statements are generally true, where, how, and to what extent
these programs have changed the ecological and socioeconomic conditions remains
poorly understood. Of course, this is partly because certain government statistics
may not be available or reliable, and partly because the government has not given
adequate attention to program impact monitoring and assessment. For instance, the
SFA (2006) reported that the desertified land decreased 6,416 km2 from 1999 to
2004; as such, the intensity of wind erosion has been weakened, and sandstorms
and days of strong winds have been reduced in Beijing and its vicinity. However,
these findings were not independently derived or even verified by the science com-
munity. Further, several analyses of selected sites in Hebei, Inner Mongolia, Gansu,
and Qinghai suggest that the DCBT and other similar undertakings had rarely shown
a significantly positive effect until 2005 (e.g., Zan & Wang, 2006; Wei et al., 2006;
Yin 2007). In another case, the government asserts that the marked decline of ero-
sion and sediment in the upper Yangtze basin, as reflected in the records of some
hydrologic stations, is due largely to the combined effects of the SLCP and the
NFPP. In Sichuan province alone, implementing these programs has led to a sedi-
ment reduction of 53 million tons and an increase of ecosystem water retention by
684 million tons a year (SFA, 2006). Again, our research shows that so many dams
and reservoirs have been built in the region over the past two decades that their hold-
ing capacity has increased steadily (Yin, 2007). It is far from clear whether and how
much the reduction of erosion and sediment is due to ecological restoration efforts
or hydro-engineering projects. Therefore, much more efforts need to be made in
strengthening the monitoring and assessment of the programs.

Actually, Xu et al. (2006), Uchida et al. (2007), and Liu et al. (2008) are among
the few studies in the international literature that have shown evidence corroborating
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certain official claims of the program impacts. Still, their evidence is preliminary as
well as sketchy; and some of it came from second-hand sources. Because the liter-
ature of impact assessment will be reviewed separately (see Chapter 2) and several
studies evaluating the specific ecological and/or socioeconomic effects of China’s
EREs are included in this book, here it suffices to point out the salient gaps of pro-
gram impacts between the government claims and the assessed outcomes.

1.4 Main Challenges

Despite the admirable intentions, huge investments, and seemingly tremendous
achievements, China’s EREs have faced huge challenges. Most, if not all, of them
have been alluded to in the previous sections – the inadequacy of program monitor-
ing and assessment, the heavy reliance on state financing, the rigidity and inconsis-
tency of certain policy measures, the lack of inter-agency cooperation and careful
planning, the insufficient consideration of local interests, and the neglect of appro-
priate technical practices. Understandably, these challenges are intertwined. Below,
we elaborate them in detail and suggest ways for overcoming them. Interested read-
ers can refer to Xu et al. (2006) or Liu et al. (2008) for an early discussion.

1.4.1 A More Balanced and Adequate Approach
to Ecological Restoration

First, in contrast to the fervor and enthusiasm in planting trees, the SFA has shown
less interest in other measures in ecological restoration, even if they are better suited
in certain circumstances. Back in 2003, the Forest and Grassland Taskforce already
pointed out that “Implementation has not been tailored to local conditions, and there
has been an overemphasis on tree planting rather than restoring original vegetation
cover.” More recently, several commentators have voiced their concern that planting
tall trees in semiarid and arid northwestern regions may not work well for the envi-
ronment (Normile, 2007; Wang, Ouyang, et al., 2007; Cao, 2008). They argue that
planting poplars, as a major species for afforestation, in those regions is problematic
given the limited precipitation. In many cases, it is difficult to get the trees estab-
lished; and wherever they are established, their deep root system can hemorrhage
ground water through transpiration, lowering the water table and making it harder
for native grass and shrubs to survive (Normile, 2007; Wang, Lu, Fang, & Shen,
2007). So, the time has come for the SFA to carefully evaluate its policy of targeting
and species and site selection.

Indeed, one may add that even the forest management activities ensuing tree
planting and regeneration, such as thinning and tending, have not been well incor-
porated into the programs. And this issue has been confounded by the high initial
planting densities driven by the general requirement for high survival rates (Wang,
Ouyang, et al., 2007; Yin et al., 2005). As a result, the growth rate tends to be low
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after canopy closure, and the forest quality, let alone the ecosystem functionality,
has not been very satisfactory. This will in turn make the forests vulnerable to fire
and pest attacks. More attention should thus be paid to the quality of both forest
establishment and management. The historic lesson of large areas of afforestation
but poor productivity of forests must not be forgotten (Yin, 1998).

To strengthen forest management, better technical work and broader support
are called for. Regarding the former, improvements can be made in site prepara-
tion, planting density, species selection, competition control, thinning, and other
activities. To that end, the lagging public investment in capacity building and
technical training must be reversed (Cao, 2008; Yin et al., 2005). Regarding the
latter, it is unrealistic to rely on central government investments alone in the long
run; local governmental and private entities must play their role throughout the
process of ecological restoration (Xu et al., 2006). Of course, as discussed later,
this can happen only if the governance is effective and incentives become attractive.
In addition, it is essential to adopt an ecosystem management perspective, with
emphasis on sustainability, system function, and integrity (Millennium Ecosystem
Assessment, 2003) and to better integrate conservation needs into development
policies (Loucks et al., 2001).

1.4.2 Strengthening the Governance of Program Implementation

The SFA has been charged with the responsibility of administering the NFPP, the
SLCP, and other EREs. At the same time, other agencies responsible for agriculture
and livestock production, water and soil conservation, poverty alleviation, and envi-
ronmental protection have not been actively involved (Yin et al., 2005). Inter-agency
cooperation and coordinated implementation is weak at all levels of the government.
Also, the central government has not granted regional authorities and local com-
munities more flexibility in implementing the restoration efforts (Bennett, 2008).
One may wonder whether this type of top-down, campaign-style push for ecologi-
cal restoration, or any other cause, can be truly effective and long lasting, even with
the huge financial commitments.

Also, the SFA has assumed the dual roles of program implementation and
monitoring. Without a clear separation of monitoring and implementation and the
independence of monitoring, effective implementation of the EREs is questionable,
and the efficiency of public investment may be compromised (Xiu & Cao, 2001).
Given the political structure in China and the bureaucratic tendency of reporting,
or even exaggerating, good news while concealing, or disregarding, bad news, this
is especially a worrisome situation. To promote effective implementation, thus, an
integrated and authoritative program monitoring system must be established, with
its own budget and staff. The protocols by which samples are selected, data are
collected, and statistics are compiled and released must be scientifically sound.
Likewise, transparency and openness of any monitoring effort must be upheld (Xu,
2007).



1 China’s Ecological Restoration Programs 15

Currently, monitoring of the socioeconomic and environmental impacts of the
EREs is fragmented and incomplete. The SFA Forest Economics and Development
Research Center is in charge of monitoring of the socioeconomic impacts of all the
EREs; another SFA center assumes the duty of monitoring the desertification and
sandification trends; monitoring the short-term changes in land use and resource
condition in the program areas is the responsibility of the SFA regional forest inven-
tory apparatuses; and monitoring the long-term ecological conditions and services is
largely carried out by the Chinese Academy of Sciences and the Chinese Academy
of Forestry, in conjunction with regional universities and research institutes. Lacks
of independence, transparency, and adequate procedures are major hurdles to those
efforts affiliated with the SFA, whereas lacks of coordination, collaboration, and
funding are impediments facing the science community (Xu, 2007). Also, lacks of
a scientific advisory and stakeholder representation are common problems of all the
monitoring activities. Obviously, systematic assessment of the program effective-
ness and impacts becomes difficult given these monitoring problems.

1.4.3 Better Planning and Management

Deficiency of adequate planning, targets in excess of the feasible capabilities of local
entities, rush for implementation, and failure to follow through are just some of the
issues that hinder real progress (Bennett, 2008; Liu, 2002). More specifically, the
drastic logging bans and harvest reductions and thus high employee layoffs under
the NFPP could have been gradually executed, which would have alleviated a lot
of the losses and traumas inflicted on local economies and stakeholders (Yin et al.,
2005). In fact, a number of challenges have arisen from the logging bans and harvest
reductions. A primary example is the fact that, in addition to the national forests
covered under it, the NFPP also has spread over to community forests in several
provinces, including Sichuan, Guizhou, and Yunnan (Yu et al., 2002). In some cases,
not only (secondary) natural forests but also plantation forests have been put under
the purview of the NFPP. Because of its orientation toward national forests and
state forestry enterprises, however, the regulation of collective forest activities and
the compensation to community entities were not initially conceived. Accordingly,
while farmers’ logging and management operations were denied or disrupted, their
losses and expenditures on forest protection and management were not subsidized
(Yin et al., 2005). These caused a large uproar and only much later were logging
restrictions relaxed and protection and management partially incorporated into the
government funding. Still, farmers are perplexed by why their commercial activities
cannot be allowed and will not benefit the environment as well.

Moreover, few of the other potential consequences of the logging bans and har-
vest reductions have been carefully considered (Xu et al., 2006). Included in them
are the introduction of invasive species, the environmental damage to exporting
countries of increased timber imports, and the social costs to rural communities that
are adjacent to and thus dependent on the forests covered by the NFPP for seasonal
jobs and service opportunities.
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For the SLCP, neither the 2002–2004 fervent expansion nor the severe con-
tractions thereafter are conducive to an effective implementation. The government
should have foreseen the induced burdens of program coordination, activity inspec-
tion, and compensation delivery and thus taken them into account (Xu, Tao, & Xu,
2004). Poor administrative budgeting and capacity caused many of the millions of
plots participating in the SLCP yet to be inspected (Bennett, 2008). It is only since
2002 that the central government has allocated any administrative fees to provincial
agencies for implementing the SLCP. These, however, have been insufficient and
are often in large part diverted by higher levels of government before reaching the
local constituents (Bennett, 2008).

Of course, this is partially a result of the fast expansion of the program, which
created even greater administrative needs, and thus shortfalls in administrative funds
and staff, which in turn led to problems in implementation and subsidy delivery.
Consequently, the supervision was weakened, the delivery of food subsidies to farm-
ers was delayed and even deducted, and the quality of project tasks deteriorated (Xu
& Cao, 2001). Clearly, in addition to careful upfront planning and piloting, it is
necessary to make timely and careful adjustments to the specific targets and mea-
sures according to the changed circumstances in order to better implement the pro-
grams (Wang, Lu, et al., 2007). As part of the DCBT, some farming and herding
families are resettled to places with less degraded land with greater carrying capac-
ity. The question remains, though, how to guarantee the farmland and grassland
around the newly resettled sites will not be degraded in the future. Even if the initial
response is positive, it is unclear whether the current arrangements will work in the
long term.

1.4.4 Emphasis on Local People’s Active Engagement

Without adequate consultation and community-based initiatives, local people tend
not to plant or to maintain the trees and grass properly. The resultant survival and
growth rates can be meager. More broadly, the central authorities have failed to
realize the importance of the incentive structure (FAO, 2004). They place too much
reliance on administrative campaigns, and not enough on contracts, open bidding,
and other market-based mechanisms for carrying out specific activities (Yin et al.,
2005). Coupled with the uniform standards of subsidies, this is worrisome because
of the potential for compromising effectiveness, sacrificing efficiency, and even aid-
ing misappropriation (Xu et al., 2004). Also, without clearly set responsibilities and
appropriate rewards, forest enterprises, state employees, and rural households will
not as actively participate in forest, grassland, and wetland protection and manage-
ment as might be assumed (Du, 2001; Agrawal et al., 2008). Along with this is the
need to enhance the adaptive capability and capacity of farmers and herders, so that
they can move out of the dependency on a traditional forest or agricultural economy
and government subsidies.

Furthermore, private participation and investment must be fully appreciated and
actively sought. Without strong and lasting private engagement, sustainable forestry
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and ecosystem management will not be accomplished, no matter what and how
much the government does. China’s experience has proven that farmers are inter-
ested in and can contribute to an array of forestry and natural resource management
activities as long as the incentive structure is arranged properly (Yin et al., 2003).
The slow progress of the ITPP only indicates that the incentive structure is such that
the forest products companies and rural farmers remain unwilling to engage in com-
mercial forestry (Xu et al., 2006). Naturally, one may wonder why the government
can make great financial and programmatic commitments to ecological restoration
but cannot have effective policy and institutional adjustments to the incentive struc-
ture to attract private interest and action. Indeed, a key component of the incentive
structure is not only the definition but also the realization of property rights. While
China has made breakthroughs in the former, it still has a long way to go in the latter
(Wang, Innes, et al., 2007).

Therefore, the current forest tenure reform in the southern community forest
region and the state forest enterprise reform in the northeast should be integrated
with the ecological restoration efforts and implemented jointly. Related to this, the
notion that the commercial forestry and other activities of private interest will not
benefit the environmental protection must be refuted (Yin et al., 2003). The fact is
that improved resource condition and productivity attributable to the private sec-
tor can both alleviate the government burdens in providing timber, fuel, fodder, and
other products, and generate a whole host of ecosystem services like erosion control,
watershed regulation, and carbon storage (FAO, 2004).

1.5 Concluding Remarks

In this paper, we have provided a complete description of China’s EREs and updated
their implementation. It can be seen that China has not only made unprecedented
commitments but also impressive progress in implementing some of the world
largest ecological restoration programs. We also have deliberated several critical
issues that the government must address in order to implement these EREs more
effectively and to improve the country’s ecosystem functions significantly.

We argue that it is crucial for China to embrace a more balanced and adequate
approach to ecological restoration; adopt better planning and management practices;
strengthen the governance of program implementation; emphasize local people’s
active engagement; establish an independent, competent monitoring network; and
conduct timely, high-quality assessments of the program effectiveness and impacts.
And it is our view that in each of these areas, well-organized and effective scientific
research and policy change must be pursued and the international community can
and should provide a wide range of assistance.

Finally, it should be reiterated that considering limited space and empirical evi-
dence, we could not have gathered sufficient findings of assessed program impacts
in this paper. And to a large extent, our narrative of the program implementation was
based on government statistics. As more independent monitoring reports and scien-
tific studies appear in the literature, it will become feasible to review and synthesize



18 R. Yin and G. Yin

them and thus to depict a comprehensive picture of the effectiveness and impacts of
China’s EREs. This endeavor will benefit China and many other countries in their
continued pursuant of ecological restoration and sustainable development.
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Chapter 2
Assessing China’s Ecological Restoration
Programs: What’s Been Done and What
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Abstract This article surveys the recent literature that assesses China’s ecological
restoration programs, including the Sloping Land Conversion Program (SLCP) and
the Natural Forest Protection Program (NFPP). Our presumption is that the perfor-
mance of these programs should be determined by their effectiveness of implemen-
tation and significance of impact. Implementation effectiveness can be measured
with such indicators as land area converted or conserved, and survival and stock-
ing rates of restored vegetation, while impact significance can be gauged by the
induced changes in ecosystem productivity and stability, and socioeconomic condi-
tions. Coupling this matrix with an exhaustive search of the publications, we find
that: (1) the implementation effectiveness has not been examined as extensively
as the impact significance; (2) efforts to assess the impact significance have con-
centrated on the SLCP, particularly its socioeconomic effects: growth of income,
alternative industry, and employment, and likelihood of re-conversion; and (3) most
of the socioeconomic studies are based on rural household surveys, and discrete
choice and difference in differences models. Future work should pay more attention
to the NFPP and other programs, and the environmental impacts and the implemen-
tation effectiveness of all of them. To these ends, analysts must gather more field
data regarding the evolving ecosystem conditions and socioeconomic information
of higher aggregation, and conduct their research across scales and disciplines, with
better application of geospatial technology and more effective collaboration.
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2.1 Introduction

To alleviate its enormous environmental challenges, to reduce the poverty and
improve the livelihoods of its vast rural population, and to adjust its economy struc-
ture, China launched some major programs of ecological restoration and resource
expansion in the late 1990s and the early 2000s (Yin et al., 2005; Bennett et al.,
2004). They include the Sloping Land Conversion Program (SLCP), the Natural For-
est Protection Program (NFPP), and the Desertification Combating Program around
Beijing and Tianjing (DCBT). The specific contents of these programs, and the
accomplishments and challenges of their implementation have been covered else-
where (Chapter 1). The purposes of this chapter are to provide an up-to-date survey
of the recent literature that has assessed these restoration programs and to lay out
some essential directions and tasks for integrated assessment of these programs in
the future.

Before proceeding, it is especially constructive for us to outline the basic ele-
ments upon which these programs are examined and the primary indicators against
which they can be assessed. We hope that with such an outline, our review can be
better organized and thus straightforward to follow. In our view, the most relevant
elements of the performance of these programs are their efficacy of implementa-
tion and significance of impact. Implementation efficacy refers to what a program
has achieved according to its operational targets, whereas impact significance con-
cerns how a program’s execution has served its ultimate missions. The former can
be gauged with such indicators as land area converted or conserved, effectiveness of
site selection for conversion and preparation for tree/grass planting, and survival and
stocking rates of vegetation planted or rehabilitated. The latter can be measured by
the induced environmental and socioeconomic changes. Environmental changes are
reflected in ecosystem productivity and stability, such as the status of biodiversity,
soil erosion, and carbon sequestration. Socioeconomic changes are represented by
such indicators as income enhancement, labor transfer, and cost efficiency. Further,
these environmental and socioeconomic changes can be classified into short- and
long-term effects.

Obviously, there can be alternative ways to characterize the elements and indi-
cators of program efficacy and impact, and our outline above may not constitute an
exhaustive list or most appropriate categorization of them. But these considerations
are beyond the scope of this chapter. Moreover, as will be seen below, they are the
elements and indicators that have attracted the mostly research attention and indeed
been relatively more scrutinized.

Notably, several international projects have been conducted to assess the imple-
mentation and impact of China’s ecological restoration programs. The first one was
carried out by the Western China Task Force on Forests and Grasslands (TFFG) of
the China Council for International Cooperation on Environment and Development
(CCICED)—an advisory body to the central government on environmental affairs.
With funding from the World Bank, the CCICED commissioned the TFFG in 2000
to investigate the early performance of the programs. As TFFG’s secretary, Jintao
Xu from the Center for Chinese Agricultural Policy had the privilege to initiate
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a series of rural household surveys in several western provinces to spearhead the
TFFG charges. Based on these surveys, Xu and his associates have published sev-
eral empirical studies (e.g., Xu, Katsigris, & White, 2002; Xu et al., 2004; Uchida,
Xu, & Rozelle, 2005; Bennett, 2007; Uchida, Xu, Xu, & Rozelle, 2007).

Another significant project was later undertaken by the Forest Economics and
Development Research Center (FEDRC) of China’s State Forestry Administration
and Australian National University (ANU), with financial support from the Aus-
tralian Center for International Agricultural Research. A bulk of their work was
summarized in the project report (Zhang, Bennett, Wang, Xian, & Zhao, 2006) and
a book (Bennett et al., 2008), while the researchers have produced some journal
articles as well (Xie et al., 2006; Wang, Bennett, Xie, Zhang, & Liang, 2007).

The third project was carried out by the CCICED Task Force on Environmental
& Natural Resources Pricing and Taxation, with funding from the British Depart-
ment for International Development and coordination by Shiqiu Zhang of Peking
University. Based on household survey data, Zhang and her collaborators from the
United Kingdom also were able to generate a set of empirical analyses, which were
reported in Zhang, Swanson, and Kontoleon (2005) and published elsewhere.

Yet another project was done by a team of scientists from Canada and China,
with support from the Canadian International Development Agency and the Chi-
nese Academy of Sciences. As part of their assessment of the carbon sequestration
potentials in China’s forest ecosystems, they examined the SLCP impacts, and their
work was highlighted in a recent special issue of Journal of Environmental Man-
agement (Chen et al., 2007).

Below, we will review these and other works in detail by coupling them with the
matrix of assessment we have outlined above. To summarize here, we have found
that: (1) a number of studies of these programs have appeared in the international lit-
erature,1 including Science and other primary journals; (2) surprisingly, the imple-
mentation efficacy has not been examined as extensively as the impact significance;
(3) efforts to assess the impact significance have concentrated on the socioeconomic
effects, mainly income change, growth of alternative industry and employment, and
likelihood of re-conversion; and (4) most of the socioeconomic studies are directed
at the SLCP and based on rural household surveys and discrete choice and differ-
ence in differences models. Therefore, future work should pay more attention to the
environmental impacts and the efficacy of the program implementation. To these
ends, analysts must gather more field data regarding the evolving ecosystem condi-
tions and socioeconomic information of higher aggregation, and conduct their work
across scales and disciplines and in a spatially explicit manner. Also, more efforts
should be directed to assessing the NFPP, the DCBT, and other programs. Of course,
the government should provide not only increased funding for but also better coor-
dination of these endeavors.

1There have been many studies published in domestic Chinese journals. But because most of them
are not peer reviewed and less accessible, only a few are covered here.
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Because the SLCP and the DCBT overlap geographically and are similar in many
other ways (Chapter 1) and because the latter is less scrutinized, they will be com-
bined in our review. Also, it seems more convenient to present the assessed environ-
mental and socioeconomic impacts of the programs separately. In the following four
sections, thus, we will examine the implementation efficacy of the programs, the
socioeconomic impacts of the SLCP, the socioeconomic impacts of the NFPP, and
the environmental impacts of these programs, respectively. Finally, we will artic-
ulate some directions and tasks for integrated assessment of the programs in the
future.

2.2 Implementation Efficacy

Xu and Cao (2002), Xu, Bennett, Tao, and Xu (2004) and Xu, Tao, and Xu (2004)
were among the first describing TFFG’s preliminary findings of the efficacy of the
SLCP and farmers’ initial response to it. Based on case studies conducted in seven
provinces, they demonstrated that more than 80% of the cropland plots selected
for conversion was on slopes steeper than 15◦ and that their yields in 1999 were
lower compared to those plots that were not retired. This finding was later corrob-
orated by Zhang et al. (2005), which showed that the likelihood of a plot being
selected into the SLCP increases as its productivity decreases. Likewise, Uchida
et al. (2005) 2 found that 83% of the cropland set aside under the SLCP was on
slopes steeper than 15◦. Xu and Cao (2002) and Xu, Tao, et al. (2004) also reported
a rate of farmers’ satisfaction greater than 90% in five of the seven cases, due largely
to the food subsidies greater than the average annual household production.3 They
further indicated that because of the heavy subsidies, local government officials had
urged farmers to retire much more than what had been planned by the central gov-
ernment.

Nevertheless, these studies asserted that the SLCP could be implemented more
effectively. For example, in Dingxi, Gansu, 17% of the cropland set aside under the
SLCP was not on slopes of greater than 15◦. Further, they noted that some regions
gave priority to sites close to roads for conversion, in order to facilitate the inspec-
tion and monitoring by upper-level government officials; and in certain cases county
governments sought to include plots that are contiguous but not on steep slopes to
minimize implemented cost. It is disturbing and even deplorable if sites are indeed
selected close to main roads for the purpose of demonstrating accomplishments by
the local governments. On the other hand, since the household cropland plots are
generally tiny and dispersed, the local decision to implement restoration activities
on a larger, landscape scale, even if some flatter plots are included, may be jus-

2This latter study and others conducted by Emi Uchida were based on Jintao Xu’s household survey
data and often have him as a coauthor.
3Of course, household grain production will entail various inputs and thus expenses, whereas gov-
ernment subsidies are completely free.
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tified in view of the integrity of ecosystem functions and the potential for saving
monitoring and management costs.

Using Dunhua county in Jilin as a case, Wang, Ouyang, et al. (2007) drew the
conclusion that while the local and regional biophysical and socioeconomic charac-
teristics vary greatly in terms of their productivity and susceptibility to soil erosion,
this heterogeneity does not appear to have been sufficiently taken into account in
site selection. The efforts to expand the SLCP quickly nationwide sacrificed careful
planning and failed to assess properly some of the lessons from the pilot projects.
Also, they stressed that more attention should be paid to the quality of the foresta-
tion rather than its quantity. Therefore, they suggested that officials should consider
offering enhanced information and training services and increased public participa-
tion in decision making, so that local acceptance and participation can be enhanced.
These points were echoed by Bennett (2007).

The NFPP mandated that commercial logging would be completely banned in
the upper reaches of the Yangtze and Yellow Rivers by the year 2000 in order
to conserve over 61.08 million ha of forest. Timber removals from these basins
would decrease from 87.58 million m3 in 1997 to 26.50 million m3 in 2000, with
most of the remaining harvests to accommodate local fuel, housing, and other non-
commercial uses. This would mean a loss of 12.4 million m3 of annual produc-
tion of roundwood in these two river basins. Commercial logging in the northeast
and elsewhere would be greatly curtailed in order to put 33 million ha of pre-
dominantly old-growth forests under protection. Roundwood production in these
regions would decrease from 18.54 million m3 in 1997 to 11.02 million m3 in 2003.
According to the monitoring reports published by the State Forestry Administration
(SFA 2002–2006), these goals were generally accomplished.

Zhang et al. (2000) overviewed the logging restrictions induced by the NFPP and
their potential environmental as well as economic impacts. They indicated that the
investment of the central government was a success in terms of timber production
control, land conversion, and resettlement of forest dwellers based on statistics from
the first 2-year implementation. Debating the appropriate policy measures for its
implementation with Zhang et al. (2000), Xu et al. (2000) pointed out that there
exist some flaws with the program, although the NFPP may temporarily mitigate
ecological degradation in the areas covered. They argued that the NFPP ignores
the scientific method—ecosystem management that emphasizes the sustainability,
ecosystem functionality and integrity, and human interaction with the ecosystem.
Loucks et al. (2001) asserted that the NFPP could strengthen the conservation of the
panda in China’s forests by enhancing protection and restoration of corridors among
remaining forest fragments and increasing habitat preservation. They also claimed
that the NFPP could provide a great opportunity to move panda conservation from
individual reserves to habitat conservation across landscape.

Zhao and Shao (2002) discussed the potential environmental effects of the log-
ging restrictions. They insisted that China’s logging restriction, the core of the
NFPP, will protect millions of hectares of forests from further clearing. In addi-
tion, they held that this program can help China adjust the age structure of national
forests and provides a new chance for restoring forest sustainability.
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How about the survival, stocking, and growth rates of the planted or regenerated
trees and grass under different programs? It seems that analysts have deferred to
the government agencies for answering this question. Again, the SFA monitoring
reports portray a rosy picture: the survival rate of the tree planting efforts was at
least 85%, the forest coverage has been increasing steadily, and the tree and grass
stocking level has improved markedly (SFA, 2007). However, it should be said that
these reports were based on information provided by the local government agencies.
Without independent validation and assessment, their accuracy and reliability may
be questionable.

2.3 SLCP’s Socioeconomic Impacts

Cost effectiveness of the SLCP is an important concern of previous studies. As
defined by Uchida et al. (2005), cost effectiveness refers to whether the program
is achieving its environmental goals at the lowest possible cost. To evaluate the cost
effectiveness of a land set-aside program, it would be ideal to have information
from participating and non-participating households and to compare the environ-
mental benefits and opportunity costs of plots from both sets of households. But
Uchida et al. (2005) had only information on program participants. As such, they
estimated that 40% of the plots enrolled in the SLCP had a yield that was lower than
the level of compensation, which implies that there was a significant degree of over-
compensation. Based on the purchase power parity, these authors also identified that
the average compensation is 50% higher than the budgetary outlay of the Conser-
vation Reserve Program (CRP) in the U.S. These results imply that the government
might be able to generate fiscal savings if the payments could be made to more accu-
rately reflect the variation in the opportunity costs of plots. As such, Uchida et al.
(2005) and Feng et al. (2005) suggested that the cost effectiveness would improve
if the current system that only differentiates the grain payment on a broad regional
basis—one scheme for the Yellow River basin and another for the Yangtze River
basin—were replaced by payments made according to the opportunity costs of local
plots.

In contrast, Xu, Tao, et al. (2004) pointed out that while some households were
over-compensated, others were under-compensated. This indicates that the differ-
ences between the opportunity costs and the compensatory benefits vary across
regions. In addition to reminding readers of the fact that part of the compensa-
tion was made explicitly by the central government to partially reduce rural poverty,
these authors argued that one of the main reasons for the central government to adopt
simplified and more uniform compensation schemes is to counter the rent-seeking
behavior of local officials, which might inflate the subsidies by exaggerating oppor-
tunity cost estimates.

Several studies have further assessed the impact of the SLCP on the livelihood
of local communities. Uchida et al. (2005) found that the average household net
income for the SLCP participants has increased significantly, ranging from 75%
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in Ningxia to 8% in Guizhou. Using separate survey data, Xie et al. (2006) also
found that the SLCP had a positive impact on recipients’ revenue. However, Xu,
Bennett, et al. (2004), Xu, Tao, et al. (2004) found that over the period of1999–2003,
the growth rates in average net income vary greatly across the surveyed regions of
their sample. Incomes of participants and non-participants exhibited a very simi-
lar growth rate in Shaanxi, and participant incomes showed a slower increase than
that of non-participants in Gansu. But in Sichuan, participant incomes grew more
rapidly, compared to their non-participating counterparts. Overall, they showed that
the impact of the SLCP on participants’ income is statistically insignificant.

Zhang et al. (2005) pointed out that the above studies did not compare the rev-
enue of participants with what it would have been without program participation. A
possible reason is that the data sets used contain information from participants only;
hence, they did not have data to derive a counterfactual. While the dataset used by
Xu, Tao, et al. (2004) had information from non-participants, they assumed that par-
ticipation in the SLCP is exogenous and thus not influenced by farmers’ self choice.
Therefore, it is possible that the estimated SLCP impacts on income levels suffered
from self-selection bias. So, Zhang et al. (2005) reassessed the impact of the SLCP
on recipients’ income using both parametric and non-parametric techniques. Inter-
estingly, their results showed that the impact of the SLCP on total income is not
significant even at the 10% level.

Using panel data and a fixed-effect model, Liu and Zhang (2006) found a posi-
tive impact of converting farmland to forestland on household income in the vicinity
of Beijing and Tianjin, where the DCBT has been implemented. According to their
estimation, household income would indeed be 17.4% higher if the sample village
had introduced the program 1 year earlier. To evaluate the impact of the SLCP and
the DCBT on poverty alleviation, Liu and Zhang (2006) also analyzed the rela-
tionship between participation and poverty status. They showed that the enrollment
into these programs is negatively related to the poverty rates, implying that poverty
reduction is not seriously considered in implementing the program.

Zhang et al. (2005) also analyzed the impact of the SLCP on poverty alleviation.
Using novel quartile regressions (income in the 25%, 50%, and 75% quartiles), they
found that the SLCP is making a significantly positive impact on the incomes of
poor farmers. Using different versions of the propensity score method and survey
data of 360 households for 1999 and 2003, however, Uchida et al. (2007) found only
a moderate success of the SLCP in achieving its poverty alleviation goals. Also,
they did not come up with strong evidence in supporting the claim that participat-
ing households have begun to shift their efforts into the off-farm wage earning or
self-employed activities. Based on the example of Liping county in Guizhou, Zhou
et al. (2007) detected the importance of government subsidies as well. They rea-
soned that because the net revenue generated from timber plantations is a lot less
than that from producing annual crops, the provision of subsidies by the government
has not only made the project economically feasible, but has also become a major
means of elevating farmers’ income; in the long run, the tree plantations for most
species will generate sufficient economic return given stable market prices, so that
the removal of the subsidies will not alter the financial situation of the farmers in
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the future. In another study, Xu, Yin, and Zhou (2007) also found that the SLCP has
contributed to the social transformation of the traditional rural society by enabling
the freed-up workers from farming fields to seek off-farm jobs in or outside of the
locale.

In addition, scholars have examined the issue of whether participation in the
SLCP is voluntary. Zhang et al. (2005) claimed that, in principle, participants select
themselves into the program. However, others argued that there is evidence showing
that the autonomy of the individual household is incomplete, and that participation
is decided by the local government (Bennett, 2007). Xu and Cao (2002) reported that
enrollment into the SLCP was completely involuntary, whereas Xu, Yin, Li, and Liu
(2006) claimed that only 21% of the households surveyed were consulted before the
set-aside decision and only a third had a say in how much cropland or which specific
plots to be converted. It appears, though, that involuntary participation occurs when
the compensation a household received for setting aside its land does not cover the
opportunity cost of farming (Uchida et al., 2005).

The village leader survey taken by Zhang et al. (2005) shed more light on this
issue. They reported that out of the 40 interviewed, only three village leaders stated
that participation in the SLCP was entirely voluntary. In most of the cases participa-
tion was based on a combination of self-selection by households and final selection
by the local governments. So, they assumed that households select themselves into
the SLCP based on their expected returns, rather than that the local government max-
imizes environmental benefits minus the opportunity costs of lost agricultural pro-
duction, as did in Uchida et al. (2005). Therefore, they examined the determinants
of household selection into the SLCP with a probabilistic model. The estimated
results confirmed that households with lower average productivity are selected by
local governments, which is a good sign for the cost effectiveness of the SLCP.

Another important aspect of the short-run impact of the SLCP is the effect of
the program on food security, which has been a central topic of debate among
policy makers and analysts. Using a multi-objective programming model, Feng
et al. (2005) simulated the impact of the SLCP on China’s grain supply in the upper
reaches of the Yangtze and the Yellow. They found that this impact was in the range
of 2–3%, suggesting that the SLCP might not have a major impact on China’s future
grain supply. But the impact in certain local areas could be significant. Later, Xu,
Xu, et al. (2006) insisted that the study by Feng et al. (2005) did not take into account
the changes in farmer production behavior on the remaining cultivated land, such as
response to price changes, and also did not examine effects by crops. By simulat-
ing the production and price effects of the program, however, Xu, Xu, et al. (2006)
revealed that the SLCP has an even smaller effect on China’s grain production and
little influence on prices or food imports.

Research has also tackled the long-run impacts and sustainability of the program
(Xie et al., 2006; Uchida et al., 2005; Xu et al., 2004; Ye, Chen, & Fan, 2003). Evi-
dence from similar land set-aside programs in other parts of the world suggests that
once payments cease, a non-trivial amount of land may return to its pre-program
use (Uchida et al., 2005). The likelihood of re-conversion depends on the opportu-
nity cost of the converted land. An interesting study of this issue is presented by Xie
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et al. (2006). The authors provided output and prices forecasts for the products of the
newly adopted annual and perennial crops to simulate the effect of the commercial
benefits of converted areas on recipients’ net income over the next 20 years. They
found that the potential revenues from converted land are quite attractive, leaving
little concern about the sustainability of the program after the government subsidies
expire. However, it is far from certain whether or not their production and price
assumptions will hold up in the long run. In addition, Zhang et al. (2005) argued
for the need to compare the evolution of incomes between participants and non-
participants, and they reported that the scope for an increase in the opportunity cost
of reforested land over cropland appears to be quite limited since only a small por-
tion of reforested land is commercial forests and the revenues they generated are
marginal.

By analyzing the impact of the SLCP in the upper Minjiang River Basin, Ye
et al. (2003) also raised the question of how to guarantee farmers a basic living after
the 8 years of governmental subsidies, given that the program, in general, has been
beneficial in terms of environmental restoration. Uchida et al. (2005) examined the
sustainability of the SLCP through its potential in generating sufficient income that
will continue after the formal program finishes. This change in participant revenue
can be generated by the program directly through benefits derived from commercial
forests, or indirectly through a change in the mix of income-generating activities.
Consistent with what Uchida et al. (2007) found, these results showed that there
have been some changes in the source of household income following the SLCP.
For instance, from 1995 to 1999, the number of households gaining revenue from
off-farm labor and livestock production in Ningxia has increased on average by
3–4% per year, respectively. However, the authors acknowledged that their analysis
is only descriptive.

Xu, Tao, et al. (2004) contended that the ultimate success of the SLCP depends
on its ability to restructure the production practices of rural households, so that they
can raise the opportunity cost of their non-farm labor (e.g., livestock production
and off-farm employment). The authors found evidence for a significant increase
in livestock activity for program participants. To the contrary, the study conducted
by Zhang et al. (2005) suggested that the number of labor days spent on livestock
activity has remained roughly stable in the post-SLCP period, while the revenue
from livestock activity was actually found to have declined since the start of the
SLCP. Zhang et al. (2005) focused on analyzing the impact of the SLCP on off-farm
labor allocation in assessing the sustainability of the SLCP. Combining a difference
in differences approach and a switching regression model with unobserved sample
separation, they identified that the impact of the SLCP on off-farm labor allocation
is negative for unconstrained households, while for constrained households it is pos-
itive and significant. This indicates that participants in the SLCP have increased the
off-farm labor supply of constrained, and presumably poor, households.

To assess the sustainability of the SLCP more effectively, studies have also asked
the question of what a household intends to do with its retired land after the program
payments stop. This approach has been commonly used in assessing the sustain-
ability of a land set-aside program. Uchida et al. (2005) first developed a multino-
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mial choice model of post-contract land use and evaluated the post-program land
use decision through the use of stated household intentions. Their evidence on the
opinions of farmers suggests that the government should be concerned because a
number of participants may be planning to reconvert parts of their land back into
cultivated area. In their sample, 34% of the participants in Guizhou and 29% in
Ningxia would shift their land back into crop use if the government were to stop
the payment after 5 years. Zhang et al. (2005), however, pointed out that the anal-
ysis done by Uchida et al. (2005) is mainly descriptive and only deals with land
use decisions. They used a method that links land use and labor allocation choices
explicitly, arguing that the joint analysis of post-program land and labor allocation
choices is a more suitable approach to studying the behavior of rural households as
these choices are most likely correlated. With a bivariate probit model, Zhang et al.
(2005) detected that 15.5% of respondents would return some land back to cropland
and 32% would return all land. Regarding respondents’ labor allocation decisions,
41% of respondents would maintain the same activity and 51% would increase farm-
ing. These results lead to a higher tendency toward reverting to on-farm activity
after the SLCP. They further showed that land-use right plays an important role
in the sustainability of the program if subsidies were to stop and improving rental
rights would enhance the sustainability of the program by enabling farmers to seek
off-farm activities.

Additionally, Zhang et al. (2005) investigated the preferences of households over
alternative post-SLCP policy such as subsidy, possibility of renting land, land tenure
security, and percentage of ecological forest. The analysis indicated that the most
important attribute affecting the preference over alternative SLCP policies is the
assurance that the subsidies will be delivered. This result was confirmed by Xu,
Bennett, et al. (2004) and Bennett (2007) who demonstrated that at least in the
early years of the program, subsidies have not been fully delivered to their rightful
recipients in several regions, causing widespread shortfalls. Zhang et al. (2005) also
revealed that the development of land rental rights appears to make a significant
impact on the households’ preferences.

2.4 NFPP’s Socioeconomic Impacts

Notably, only a few attempts have been made to assess the impacts of the NFPP
and related policy issues. While they have provided good background information
for those concerned with China’s logging bans and their effects, they are mostly
qualitative rather than quantitative. FAO/APEC (2001) included China in its study
of the impacts and effectiveness of logging bans in natural forests of the Pacific Rim
nations. Zhao and Shao (2002) claimed that although the benefits of the NFPP will
be felt for generations to come, the cost of implementing this program is extremely
high. First, the central government no longer collects tax revenue from logging prof-
its as it did from the state-owned forestry bureaus. Moreover, the government has to
provide additional financial supports to the forestry workers who were laid off from
the forest bureaus and timber-processing industries (Xu, Yin, et al., 2006).
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Using case studies in Xinjiang, Sichuan, and Yunnan provinces, Katsigris (2002)
assessed not only the impact of the NFPP on local enterprises but also the impacts
on the local governments and communities, and farmers surrounding natural forests.
The author noted that the logging restrictions have significantly reduced the tax
revenues of local governments from logging profits, which have subsequently had to
decrease investment in infrastructure, primary education, health care, and other pub-
lic domains. She also found that the NFPP had a negative impact on the local com-
munities and farmers surrounding the natural forests under protection, since it did
not yet provide any compensation to them. In addition, she suggested that the log-
ging bans have restricted the freedom of farmers to use their own forest resources,
even plantations, which has resulted in a decrease in farmers’ incentive to invest in
forestry and threatened the sustainability of collective forests.

Likewise, Liu (2002) examined the initial economic impacts of the NFPP. With
data from several state forest enterprises and surrounding rural communities, he
found that the logging restrictions have dramatically reduced forest bureau revenues
from timber; accordingly, local taxes have suffered a major blow. Because of gov-
ernment investments in forest management and ecotourism development, however,
their revenues from other sources have expanded, and employee incomes have actu-
ally risen sharply. He also discovered that farmers in the restricted areas, who are
not formal employees of the state enterprises, have witnessed a severe decline in
their income as a result of lost seasonal work and indirect service jobs.

In addition, several studies looked into the impact of the NFPP on the poten-
tial domestic reduction and international trade of timber. It was found that the har-
vest reductions have enlarged the gap between domestic timber supply and demand,
and the imports of forest production have increased significantly (Zhao & Shao,
2002; Xu, Yin, et al., 2006). While the projected wood production of 13.45 million
m3/yr. from plantations has not materialized, China’s imports of forest products
rose by more than 35% in 2001, and shot up to 94.46 million m3 in 2002 (Xu, Yin,
et al., 2006). These increased imports have drawn concerns over the possible spread
of deforestation to the exporting countries and its effect on the livelihoods of their
forest dependent communities (Mayer et al., 2005). Related to this concern are the
widespread phenomena of illegal logging and illegal timber trade (Laurance, 2008),
which has gained broad international attention.

By estimating the timber supply and demand of China, Cohen, Lee, & Vertinsky
(2000) revealed that because of the time lags involved between planting and har-
vesting, even the aggressive afforestation program cannot ease the shortage of high-
quality timber through domestic supply in the short run. However, the impact of the
NFPP in different regions varies, because commercial logging in the southwest was
completely banned, whereas it was only scaled back in the northeast. And the timber
production is expected to either stay at the same level or grow only slightly over the
next several years (Yin et al., 2005).

Shen et al. (2006) measured the socioeconomic impacts of the NFPP using an
input-output model. They found that the NFPP will expand the annual output of the
forest sectors by 5.8 billion yuan and the whole economy by 8.9 billion yuan by
2010. Employment will increase by 0.84 million in the forest sectors and by 0.93
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million in the whole economy. Associated with the enormous expansion of forest
protection and management are potentially huge contributions to mitigating water
runoff, soil erosion, flooding, and biodiversity loss. They concluded that the invest-
ments and adjustments are worthwhile, if the program is properly implemented.
According to them, though, the challenges are to transform loggers into tree planters
and forest managers and to ensure that the financial and institutional commitments
by the local and national governments will eventually materialize.

Finally, despite the achievements of the NFPP in some aspects, several stud-
ies have pointed out that the program still faces some tough problems (Xu, Yin,
et al., 2006; Zhao & Shao, 2002; Xu et al., 2000; Wang, Innes, et al., 2007). These
problems include the heavy reliance on the financial support of the central gov-
ernment, the insufficient involvement of local people in the program implementa-
tion, the neglect of long-term planning, and the inconsistency of other related policy
measures.

2.5 The Environmental Impacts

Wang, Bennett, et al. (2007) assessed the non-market value of the environmental
changes driven by the SLCP, as reflected in improved landscape, water quality,
and species abundance, and reduced dust storms. Their work was based on an indi-
rect approach—stated preferences of individual citizens. They estimated that each
household in Beijing, Xi’an, and Ansi would be willing to pay 882.56 yuan, 342.56
yuan, and 388.08 yuan, respectively, for improving the natural environment in the
Loess Plateau area. An interesting finding notwithstanding, it did not directly look
into the primary problems of water runoff and soil erosion changes, or the status of
any other ecosystem services.

While they attempted an integrative assessment of the SCLP, the studies led by
the Canadian scholars considered mainly net primary productivity and net ecosys-
tem productivity, and their samples were small (Chen et al., 2007). Similarly, with
a focus on assessing the co-benefit of carbon sequrestration, they did not examine
flooding control, soil erosion, and other acute problems. Nonetheless, a unique fea-
ture of these studies was their use of geospatial technology and satellite images in
determining the induced land-use changes.

Another study performed by FEDRC and ANU (Jia et al., 2006) did address the
question of water balance induced by the SLCP land retirement and conversion.
They first divided the study region along the Yellow River basin into small units and
estimate the induced water redistributions over time and space. Then, they aggre-
gated the estimates into a regional outcome. The upshot is that during the period of
2000–2020 the SLCP would lead to a reduction of water runoffs of 450 million m3,
equivalent to 0.76% of the total surface water resources. Even though the findings
are preliminary, coarse, and not spatially explicit, they are intriguing and suggest a
very small impact on the water balance in this semiarid and arid region where water
is scarce. As the authors admitted, however, while their work implies a reduction of
soil erosion and sedimentation, they did not quantify this effect.
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Using a hydrological model, another study (Sun et al., 2006) estimated the poten-
tial magnitude of annual water yield response to forestation in China. It suggests
that the average water yield reduction may range from about 50 mm/yr (50%) in the
semiarid Loess Plateau region in the north to about 300 mm/yr (30%) in the tropical
southern region. If these estimates are accurate, they represent large reductions in
the annual water yield and thus indicate a great impact of forestation on water flows,
particularly on headwaters in the semiarid region. However, the authors cautioned
that because the forestation area is relatively small for most large basins with mixed
land uses, the regional effects of forestation on water resource management may not
be of major concern. Obviously, more systematic evaluation of the roles of forest
and grassland on regulating regional water resources is urgently needed.

Despite little formal investigation, several experts came to a shared view that
planting tall trees in the semiarid and arid northwestern regions may not work well
for the environment; indeed, some even argue that it is detrimental to the environ-
ment in the long run (Long et al., 2006; Normile, 2007; Cao, 2008). Among other
things, ecologists maintain that planting poplars, a major species for afforestation,
in arid regions does not help combat desertification, because of the limited precipita-
tion. Where poplars become established, the deeply rooted trees hemorrhage water
through transpiration, lowering the water table and making it harder for native grass
and shrubs to survive. Therefore, some insist that it is time for the government to
carefully evaluate this policy of species and site selection.

Cao (2008) further asserted that afforestation projects are causing, instead of mit-
igating, environmental degradation in the arid and semiarid regions, with increased
ecosystem deterioration and wind erosion. Therefore, he called for focusing on
restoring natural ecosystems that are more suitable to local environments and thus
provide a better chance of combating desertification. Clearly, these are personal
opinions; but they raise the fundamental question of how to restore degraded land:
Should it be planted with trees or grass, or should it be left to natural regeneration?
The fact is that the Chinese State Forestry Administration has been enthusiastic
about tree planting and regeneration, but not necessarily so with restoring grass cov-
erage or natural re-vegetation. On the other hand, more careful investigations have
shown that most of the dryland areas in the west have an annual rainfall less than
400 mm and thus are only suitable for growing grass and drought-tolerant shrub
(Wang, Lu, et al., 2007; Chen et al., 2007).

2.6 Synthesis and Future Research

In summary, a number of attempts have been made to assess the implementation
effectiveness and impact significance of China’s ecological restoration programs.
And from the previous efforts, a great deal has been learned. Overall, it appears that
the programs have made great strides in achieving their short-term goals, and they
have positively affected the economy, environment, and society (Wang & Bennett,
2008; Wang, Innes, et al., 2007; Xu, Xu, et al., 2006). However, much more efforts,
especially well-integrated, systematic ones, are warranted to continue assessing
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these huge undertakings. Compared to the NFPP and other programs, the SCLP,
particularly its potential socioeconomic impacts, has received most of the research
attention. While this is understandable given its geographic scale and magnitude of
investment, other programs deserve greater attention.

Likewise, more efforts should be directed toward understanding the short- and
long-term environmental effects of the programs. Unfortunately, many previous
works have shied away from the overarching question: Have the environmental con-
ditions been improved by implementing the programs; and if so, how? Indeed, many
of them have not even thoroughly examined how successfully forests and grass-
lands have been established and protected, and how the land use patterns have been
affected. Within the socioeconomic realm, certain elements have not been explored
as well. For instance, we do not know how the state logging employees and facilities
and surrounding rural communities have been affected by the NFPP harvest restric-
tions. Finally, scholars from different disciplines—ecology, hydrology, economics,
sociology, remote sensing, and the like—should collaborate more effectively in their
endeavors of assessment.

Therefore, assessing China’s ecological restoration programs can and should
be expanded in several directions. First, it is crucial to directly measure the envi-
ronmental conditions and benefits. To our knowledge, numerous studies on cost-
efficiency of the SLCP have used a single biophysical attribute, the land steepness,
as a proxy for the environmental condition (Xu, Bennett, et al., 2004; Uchida et al.,
2005; Zhang et al., 2005). As environmental benefits and economic costs of ecolog-
ical restoration vary across the landscape due to differences in climate, topography,
land cover, and management practices, we doubt that steepness alone is a sufficient
proxy for erosion severity or any other ecological condition. While it is understand-
able to use such a proxy, particularly during the early years of assessment when
ecological and hydrological observations were not available, it should be made clear
that this type of indicator has only limited validity and thus direct observations of
soil erosion, water runoff, and other biophysical dimensions should be made. As
attempts to address this deficiency, the studies by Long et al. (2006) and Wang, Lu,
et al. (2007) have developed either a feasibility index or a suitability system for
cropland set-aside and re-vegetation, based on both biophysical and socioeconomic
conditions.

Some national and regional monitoring networks have been set up now, but there
is a long way to go in documenting the ecological conditions, including the estab-
lishment of their baselines. More generally, it is greatly desirable to better know the
effects of the programs on soil erosion, deforestation, desertification, water quality,
and biodiversity preservation. In this context, particularly for regional-level envi-
ronmental assessment, it immediately becomes necessary to apply geospatial tech-
niques and remote sensing images in quantifying the potential temporal and spatial
changes. The advancement of the technology and the cost and resolution of the
images are such that it is very feasible to adopt them now.

Second, examining the U.S. CRP experience is beneficial, at least from the per-
spective of program implementation. Since 1990, the CRP has been using the envi-
ronmental benefits index (EBI) based on multiple environmental benefits to choose
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land parcels for enrollment (Cooper & Osborn, 1998). The EBI is a sum of six fac-
tors that measure the water quality benefits, air quality benefit, soil erosion, wildlife
benefits and other environmental benefits. Studies have shown that the use of EBI
increased environmental benefits related to costs. So far, however, there is no EBI
or similar procedure applied to the SLCP or the DCBT. In addition to guiding par-
cel enrollment, this index can be used for monitoring the performance of enrolled
parcels as well. Future research ought to explore the adoption of this type of index
in China.

Third, studies of the SLCP and the DCBT suggest that there is considerable room
for improving the cost-effectiveness by modifying the design and implementation
of the subsidy payment. In the current system, the government compensates farmers
who enroll in the programs based on a uniform basin-wide rate. Several works have
made it clear that flexible payment mechanisms and competitive selection processes
(such as auction) would greatly improve the cost effectiveness of the programs. It
is also suggested that the SLCP and the DCBT may adopt the bidding process that
has been used in the CRP. However, it should be recognized that perfect targeting
typically cannot be achieved in practice since transaction costs are involved in col-
lecting and processing information. One main problem that arises from the bidding
mechanism for the CRP contracts is the strategic bidding process, which affects the
rental rates. Landowners with especially high EBI scores but especially low oppor-
tunity costs for their land can potentially submit rent bids above their reservation
rents and still have their lands accepted into CRP. In fact, the bidding mechanism
may not a realistic option in rural China where the administrative costs to set up
such a mechanism would be fairly high. Therefore, the adoption of a more practical
payment schedule, such as differentiating compensations based on the benefits of
certain plot type, could improve the cost efficiency. So far, little empirical work has
been done to evaluate the feasibility and effects of those alternative mechanisms.
These gaps should be filled in the future.

Fourth, previous studies emphasized the use of household-level data from sur-
veys. The micro-level data, coupled with discrete choice and difference in differ-
ences models, give socioeconomic analysts a great opportunity to examine how
local farmers respond to the programs and what the induced consequences are. In
fact, much knowledge has been gained from these works. However, it should be
pointed out that most of the datasets used in previous studies cover a very short
time span and were collected from different, and often few, locations under vari-
able enumerating protocols. In combination with different analytic techniques, these
data limitations may have partially caused the divergence, insignificance, or con-
clusiveness of the research outcomes. As such, accumulating longer time series,
expanding sampling coverage, developing common data generation and processing
protocols, and refining modeling procedures will be some very promising avenues
of continued micro-econometric investigation of the program socioeconomic
impacts.

Nonetheless, we should realize that this type of data and the correspond-
ing analysis cannot completely capture land-use and socioeconomic changes at a
higher level of aggregation, which are equally interesting and useful, let alone be
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compatible with assessing the accompanying environmental impacts. Moreover, cer-
tain environmental consequences can be examined only on a large geographic scale.
Accordingly, aggregate data will be needed to represent the overall response and
reflect the spatial heterogeneity. We hope that analyses at the regional or water-
shed level will soon contribute to an improved understanding of the environmental
impacts of the restoration programs.

Fifth, the success of the restoration programs will depend not only on the pro-
gram stipulations, but also on other related policies and market conditions (Yin
et al., 2005; Wang, Innes, et al., 2007). For instance, the price of timber could affect
farmers’ expectation of their future income and hence change their behavior. Also,
the way local farmers manage their livestock, be it open grazing, fenced rotation, or
pen feeding, has a major impact on the implementation of the program (Chapter 1).
In addition, policies concerning rural land and labor markets can alter the opportu-
nity cost of land use and eventually influence the incentive of farmers to participate
in a program. It is thus important to explore the interaction of different policies to
properly assess the effectiveness of a program. More work is needed to determine
where and how regulations can be improved and how a coherent and consistent
incentive structure can be established.

Lastly, a remaining challenge is how to couple the environmental and poverty
reduction objectives of the programs. All of the restoration programs are treated as
a mechanism to improve environmental quality and provide financial aid to the poor.
Achieving an optimal solution to a problem with multiple goals needs to use mul-
tiple instruments. This suggests that it may be necessary to investigate the extent to
which these goals are compatible with each other. It is still unclear how the poverty
alleviation objective has influenced the environmental objective, and whether and
how the outcome can be improved by using multiple instruments.
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Chapter 3
Methodology for an Integrative Assessment
of China’s Ecological Restoration Programs

Runsheng Yin, David Rothstein, Jiaguo Qi, and Shuguang Liu

Abstract While research projects have been conducted to examine the impacts
and effectiveness of China’s ecological restoration programs, few of them repre-
sent integrated, systematic efforts. The objective of this chapter is thus to articulate
and outline a methodology for an integrative assessment, which, we believe, should
embrace both the environmental and socioeconomic changes and engage investi-
gations at multiple scales. Further, these investigations should be pursued through
interdisciplinary collaboration with expertise from ecology, economics, hydrology,
and geospatial, climate, and land change sciences. We argue that the deployment
of geospatial capability, the use of longitudinal data, and the connection between
science and policy should be the hallmarks of an integrative assessment. We also
describe our general approach and specific models to quantify the environmental
and socioeconomic impacts induced by implementing the restoration programs, and
address the issue of how to overcome the challenges in generating the data needed
for executing various empirical tasks. We hope that the adoption and application
of this methodology will make a valuable contribution to a more robust and timely
assessment as well as implementation of the ecological restoration programs in and
outside of China.

Keywords Integrative assessment · Environmental and socioeconomic
impacts · Implementation effectiveness · Treatment effect analysis · Ecosystem
service evaluation · Longitudinal data

3.1 Introduction

China has been implementing several major ecological restoration programs since
the late 1990s (see Chapter 1). It is of great intellectual interest and broad pol-
icy significance to assess the potential environmental and socioeconomic impacts
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of these programs as well as the effectiveness of their implementation (Forest and
Grassland Taskforce, 2003; Xu, Yin, Li, & Liu, 2006; Bennett, Wang, & Zhang,
2008). Doing so will benefit our understating of the performance of these programs
and help improve their implementation, as well as contribute to the science of assess-
ing ecological restoration efforts, which is gaining importance and currency given
that more and more such efforts are being launched worldwide (FAO, 2006). Cer-
tainly, this kind of research is relevant at a time when the international community
strives to increase its collective ability to anticipate and manage the complex conse-
quences of global change and to accomplish more sustainable development (IPCC,
2007; Millennium Ecosystem Assessment, 2005).

In fact, Chinese institutions and international organizations have undertaken a
number of research projects in this direction. However, as reviewed in Chapter 2,
few, if any, of the previous studies represent a truly integrated, systematic assess-
ment of the programs. And most of these projects have not been tied closely with or
taken advantage of the recent research advances in treatment effect analysis (Lee,
2005) and ecosystem services evaluation (Liu, Loveland, & Kurtz, 2004). Therefore,
a scientifically sound and intrinsically cohesive methodology is urgently needed.
The objective of this paper is to articulate and outline such a methodology. We
hope that our effort will make a valuable contribution to a more robust and timely
assessment as well as a more effective implementation of the ecological restoration
programs in China.

It should be made clear at the outset that while we hope what we present in this
chapter will be applicable and beneficial to other parts of the world and other type
of programs, our focus is on China’s ecological restoration programs. Furthermore,
we do not even claim to prescribe a “one-size-fits-all” paradigm in the Chinese
context. Instead, our intention here is to summarize the methodology that we have
adopted in conducting our research project, An Integrative Impact Assessment of
China’s Ecological Restoration Programs, which is funded by the U.S. National
Science Foundation. Of course, we have benefitted and will continue to benefit from
this methodology. But just like it can be useful to many others engaged in similar
scientific endeavors, it can be improved by our peers’ critique, which is exactly what
has motivated us for its publication.

Also, it should be pointed out that, throughout this paper, our discussion will
use the Sloping Land Conversion Program (SLCP) and the Natural Forest Protec-
tion Program (NFPP) as examples. We believe that this is reasonable given the fact
that they are the two largest programs and that they can well reflect most of the
issues of our concern (see Chapter 2). The chapter is organized as follows: We out-
line a basic framework in the next section; then, we present our empirical approach
in Section 3.3 and assessment of environmental and socioeconomic impacts and
implementation effectiveness in Sections 3.4 and 3.5; we discuss issues related to
data generation in section 3.6; and finally we synthesize our methodology and spell
out the actions to be taken in its application.
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3.2 A Basic Framework

Broadly speaking, the impacts of ecological restoration programs are manifested
in both environmental and socioeconomic changes. Environmental changes are
reflected in ecosystem productivity and stability, such as the status of biological
diversity, soil erosion, and carbon storage; socioeconomic changes are represented
by such indicators as cost effectiveness, labor transfer, and livelihood enhancement.
Thus, an integrative assessment must embrace both the environmental and socioe-
conomic changes. Further, because many socioeconomic and ecological issues are
interrelated and crosscut, they must be examined together. For instance, poor soil
fertility caused by erosion leads to poor crop productivity, which will in turn drive
more extensive farming, resulting in more severe erosion. Figure 3.1 is a sketch of
our research framework and tasks.

To assess both environmental and socioeconomic changes induced by carry-
ing out an ecological restoration program, it is essential to develop strong inter-
disciplinary collaboration with expertise from ecology, economics, hydrology, and
geospatial, climate, and land change sciences. Undoubtedly, as much as economists
and social scientists lack expertise and experience in addressing ecological and
hydrological issues, ecologists and hydrologists may not be well equipped and com-
petent at dealing with social and economic questions. To advance knowledge and
solve problems, therefore, effective communication and cooperation of experts from
different fields are imperative. Likewise, close collaboration between scientists and
practitioners is beneficial (Foley et al., 2005; Boyd, 2007).

Moreover, assessing the impacts and effectiveness of ecological restoration must
be conducted at multiple scales. This is because all issues cannot be well examined
at a single scale. For instance, some socioeconomic impacts can be easily detected
at the household or village level; however, ecological impacts, determined by the
integrity of ecosystem functions, must be assessed at least at the watershed scale.
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Certainly, place-based and regionally focused work is more adequate to accom-
modate socioeconomic and ecological investigations (Clark, 2007). Indeed, for the
major restoration programs in China, a regional-level assessment is more sensible
and meaningful, given the personnel, financial, and time constraints involved in a
national assessment on the one hand, and the impossibility to answer most rele-
vant questions with local-level investigations on the other. Additionally, research at
different scales may lead to different findings that can be complementary (Turner,
Lambin, & Reenberg, 2007). As such, a proper way is to have assessment at the
multiple scales for multiple tasks.

3.3 The Empirical Approach

Since the 1990s, much progress has been made in treatment effect analysis (TEA) by
statisticians, econometricians, and others (Imbens & Woodridge, 2007; Angrist &
Krueger, 1999; Heckman, Lalonde, & Smith, 1999). It is often necessary to know
the effect of a “treatment” on a response of interest. For example, the treatment can
be a drug, an education program, or an economic policy; and the response can be an
illness, academic achievement, or gross domestic product. The essence of TEA is to
estimate the treatment effect appropriately and adequately, because a response may
be due to factors other than the treatment (Lee, 2005). Once the effect is found, one
can adjust the treatment to attain the desired level of response.

The TEA approach fits the context of our program assessment well. Here, treat-
ments are the specific activities brought about by such restoration programs as the
NFPP and the SLCP; effects are the environmental and socioeconomic impacts we
intend to evaluate. To determine whether the SLCP grain and cash subsidies have
affected farmers’ income from and employment in different activities, for instance,
income or employment of the “affected” and “control” groups may be related to their
status of participation and other factors before and after the program’s introduction.

In general, we wish to evaluate the effect of a treatment on an outcome Y
over a population of individuals. There are two groups indexed by treatment status
T= 0, 1 where 0 indicates individuals who do not receive treatment, i.e., the con-
trol group , and 1 indicates individuals who do receive treatment, i.e., the treatment
group (Imbens & Woodridge, 2007). We observe individuals in two time periods,
t = 0, 1 where 0 indicates a time period before the treatment group receives treat-
ment, i.e., pre-treatment, and 1 indicates a time period after the treatment group
receives treatment, i.e., post-treatment. Each observation is indexed by the letter
i = 1, . . ., N; individuals have two observations each, one pre-treatment and one
post-treatment. Let Y

T
0 and Y

T
1 be the sample means of the outcome for the treatment

group before and after the treatment, respectively; and likewise, let Y
C
0 and Y

C
1 be the

sample means of the outcome for the control group before and after the treatment,
respectively. Then the outcome Yi can be modeled by the following equation

Yi = α0 + α1Ti + α2ti + α3(Ti · ti) + εi (3.1)
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where α0, α1, α2, α3 are the coefficients to be estimated and εi is the error term. It
can be seen that α1 is the treatment group specific effect (accounting for the aver-
age permanent differences between treatment and control), α2 the time trend com-
mon to control and treatment groups, and α3 the true effect of treatment (Imbens &
Woodridge, 2007).

The purpose of our program assessment is thus to find an unbiased estimate of
α3, α̂3, with the data available. Since α̂3 can be interpreted as the difference in
average outcome in the treatment groups before and after treatment minus the dif-
ference in average outcome in the control group before and after treatment, i.e.,
α̂3 = Ȳ t

1 − ȲT
0 − (ȲC

1 − ȲC
0 ), it is also referred to as a “difference in differences

(DID)” estimator (Lee, 2005; Imbens & Woodridge, 2007). Whether or not the esti-
mated α̂3 is significant will lead to the acceptance or rejection of the underlying
hypothesis.

If either α̂1 or α̂2 is significantly different from 0 but it is not captured by the
model, α̂3 will be biased. So, a great deal of attention in program assessment is
devoted to estimating α̂1 and α̂2 properly such that α̂3 unbiased. To control for
possible omitted variable bias of the OLS estimation and to check for the result
robustness, the above model can be estimated using the fixed-effect or random-effect
technique with panel data. This is particularly important in view of the biophysical
and socioeconomic heterogeneity of our study sites (Lee, 2005). In addition, its
performance may be affected by the existence of agent self selection, or endoge-
nous choice. In that case, we can consider the choice as a function of other relevant
exogenous variables first and then use the “corrected” values of choice to estimate
the model (Wooldridge, 2000).

A caveat is that the assumption of a parallel time trend between the treatment
group and the control group may not hold, in which case the above DID procedure
will no longer be valid (Uchida et al., 2007). As one alternative, the propensity score
matching method does not require the parallel trend assumption; that is, it estimates
the propensity score of the different groups first and then compares the outcomes of
those who have similar propensity scores. This method allows the analyst to match
the treatment group and the control group when their observable characteristics are
continuous or when the set of explanatory factors that determine the treatment con-
tains many variables (Uchida et al., 2007).

Notably, a few scholars (e.g., Xu, Tao, & Xu, 2004; Zhang, Swanson, &
Kontoleon, 2005; Uchida et al., 2007) have employed the DID procedure in their
studies of the SLCP impacts on farmers’ income, targeting of cropland conversion,
and other related issues. While their results are interesting, their analytic scope was
narrow and their data series were short. And they, or any other scholars for that
matter, have not applied it to assessing the socioeconomic effects of the NFPP, let
alone the environmental impacts of the restoration programs. Therefore, it is crucial
to bridge these gaps by incorporating all of the elements of interest into a unified
TEA framework and testing relevant hypotheses.

The general procedure of our analytic work is to: (1) identify the responses, (2)
assess the treatment effects, and (3) make policy inferences. Assessing the treatment
effects hinges on the analytic models we use and identifying the responses, including
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both socioeconomic and environmental responses, has a lot to do with the coverage
and quality of the data, it is necessary to discuss our modeling methods and data
generation in more detail.

3.4 Assessing Environmental Impacts and Effectiveness

For an environmental change, it is more involved to identify the actual response
than to estimate the treatment effect of a program. So, here we will concentrate
on describing how to identify the actual response—a specific ecological change
occurred during the relevant period of time. To that end, we will use the General
Ensemble Biogeochemical Modeling System (GEMS). The GEMS was originally
developed for scaling up carbon stocks and fluxes from sites to regions, with mea-
sures of uncertainty (Liu et al., 2004). But it can be easily adapted for assessing the
impacts of land use and land cover change (LUCC) in general or ecological restora-
tion in particular on soil erosion and deposition, biodiversity, and other ecosystem
functions and services (Fig. 3.2).

More specifically, the GEMS relies on a site-scale biogeochemical model to
simulate the ecosystem service dynamics. The deployment of the site-scale model

Fig. 3.2 A Diagram of the General Ensemble Biogeochemical Model System, or GEMS (Adopted
from Liu et al., 2004)
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is based on the spatial and temporal joint frequency distribution (JFD) of major
driving variables (e.g., LUCC, climate, soils, disturbances, and management). At
the site scale, the GEMS uses stochastic ensemble simulations to incorporate input
uncertainty and to quantify uncertainty transfer from input to output. Its description
is documented in Liu et al. (2004), and it has already been modified in Zhao et al.
(2008) to suit the Chinese context.

The GEMS has four components: a preprocessor, an ecosystem biogeochemical
model, an automated model parameterization system (AMPS), and a postprocessor.
The preprocessor produces geospatial databases, such as land cover maps and spatial
and temporal JFD of major driving variables. The ecosystem biogeochemical model
simulates the influences of various factors on ecosystem services dynamically, say,
rainfall-induced soil erosion as well as its effect on organic carbon change in soil
profiles (Liu, Bliss, Sundquist, & Huntington, 2003). While it was originally built
on the Century ecological model (Liu et al., 2003), it is capable of accommodating
other modules specializing in certain tasks. The AMPS searches for and retrieves
relevant information from various databases according to the keys provided in JFD
table, downscales the aggregated information at the map unit level to the field scale
using a Monte Carlo approach, and injects the retrieved or assimilated data into the
encapsulated ecosystem biogeochemical model by updating its input files. Finally,
the postprocessor includes the analysis of simulated results and visualization of the
output in forms of spatial maps and graphs.

Below, we elaborate the basic directions and steps in assessing the ecological
impacts of soil erosion and water balance, carbon stock and flux, and biological
diversity protection.

3.4.1 Soil Erosion and Water Balance

Erosion assessment in China has been mostly conducted either within a small water-
shed or for the whole nation (Yang & Liang, 2004; Guo, 2003), despite the fact that
a regional-level probe is more meaningful (McVicar et al., 2007). But one thing
of emphasis is that at the regional level erosion and deposition must be consid-
ered simultaneously; otherwise, an inevitable question is: Where has the eroded
soil gone? Also, it is at the regional level that the water runoff, scarcity, and other
issues can be sensibly elucidated (Li, Qi, Feng, Zhang, & Zhang, 2008). Indeed,
even in the broader international context, the link between deforestation vs. flood-
ing/erosion remains elusive. A review conducted by the Center for International
Forestry Research (CIFOR, 2005) asserted that evidence did not support the con-
ventional wisdom linking deforestation to large-scale flooding, whereas a new study
found that flood risk is correlated with loss of natural forest cover (Bradshaw, Sodhi,
Peh, & Brook, 2007). An interesting study notwithstanding, the latter was based on
national-level data from 56 developing countries from 1990 to 2000. More work is
called for at the sub-national scale with longer data coverage to illuminate whether
the link between forests and grassland and floods and erosion is strong enough to
justify the large outlay to retain or restore forest and grass covers.



46 R. Yin et al.

3.4.2 Carbon Storage and Flux

Fang et al., (2001) estimated carbon storage in China’s forests over time and found a
decline from the beginning of the 1950s to the end of the 1970s due to exploitation,
and an increase thereafter during the period of 1980–1998 because of protection
and afforestation. Their study considered carbon stored in the forest biomass, but
it did not include forest soil carbon or carbon stored in other types of terrestrial
ecosystems such as cropland and grassland. Another challenge is the incorporation
of the effect of climate change into the assessment. Obviously, there is a long way
to go before the spatial and temporal carbon dynamics of all of the ecosystems
is known in conjunction with the LUCC and ecological restoration. In our view,
work in this direction is critical to our understanding of regional patterns of carbon
storage and loss (Zhao et al., 2008); and it will pave the way for land-based carbon
accounting, emissions reduction, credits trading, and management practices in a
post-Kyoto-Protocol era (Skole, 2007).

3.4.3 Biological Diversity

Our study sites contain thousands of endemic plants and vertebrates, many of which
are rare or endangered (Boufford & van Dijk, 1999; Miller, 2004). We can adopt a
two-pronged approach to quantifying the effects of past and future LUCC on the
regional biodiversity. The first is to use field survey data to relate plant species
richness with biophysical variables—forest community type, management status
(natural, secondary, and planted), elevation, and aspect. These relationships can
then be calibrated in the GEMS to estimate landscape-level plant diversity from
geospatial data describing the changes in forest communities and management sta-
tus over time (Ortega, Elena-Rosello, & Del Barrio, 2004). The second is to assess
the effects of LUCC on focal vertebrate species of conservation concern, including
the endangered giant panda and black snub-nosed monkey in the southwest and the
yak and Mongolian gazette in the northwest. Derived as a function of forest type,
management status, slope, and elevation, habitat suitability indices for these species
will then be coupled with the historical and future LUCC to map out region-wide
changes in habitat for these species and predict the impacts on their populations.

3.5 Assessing Socioeconomic Impacts

In comparison, once data are available, it is much easier to identify a socioeco-
nomic change than to determine how much of it is coming from the treatment
effect of a program. So, we will concentrate on how to estimate the treatment
effects in this section. Our empirical models should be constructed according to the
specific hypotheses to be tested at the individual household, community, or other
aggregate levels.
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The success of a program depends on its ability to protect the environment, to
provide adequate levels of income to participants, and to do so in a cost-effective and
sustainable way (Uchida et al., 2005; Zhang et al., 2005). If the program does not
target properly, if it does not compensate the participants fairly, and if it cannot keep
the participants from reversing their course of action after the end of the program,
the fear is that the program may be repeating some of China’s early forestry failures
(Yin, 1998; Smil, 1993). As such, it is important to evaluate the socioeconomic
impacts as reflected in livelihood change, targeting efficiency, and cost effectiveness.

3.5.1 Livelihood Change

Our field knowledge indicates that income and employment are the two most
important indicators of livelihood changes caused by the restoration programs. The
relative changes of income and employment in various economic sectors are also
interesting for detecting the emergence of new opportunities and thus the program
sustainability in the long run. In the case of the SLCP, because most of the rural
households in the target areas are poor and rely on farming, much of which is on
steep slopes or in desertified areas, in order to make the program attractive, it must
be able to provide incentives for farmers to participate and to earn enough.

To test whether participating households are at least as well off after the pro-
gram in the short run, let Yit be the income/employment of household i in sector j at
time t, and P the dummy variable representing a households participation choice (1
if participated, 0 if not). Also, let T be another dummy variable indicating the time
of observation prior to or after the program introduction (1 if after, 0 if prior to), and
X it a set of control variables (e.g., per capita cropland, number of laborers and their
education, family size, age and leadership status of the household head) influencing
income and/or employment. Then,

Yijt = α0 + α1Pi + α2Tt + α3(Pi · Tt) + α4Xit + εijt (3.2)

where α0, α1, α2, α3, and α4 are coefficients to be estimated, and ε is the error term.
Again, α3will capture the treatment effect.

As to the long-term sustainability of the SLCP, additional analyses can be per-
formed in a similar way. First, we can examine whether farmers are shifting their
resources away from cultivation to other productive uses, so that they are increasing
the opportunity cost of re-conversion. This may be tested by detecting the changes in
livestock activities, off-farm labor, and non-agricultural activities that have occurred
since the start of the program. We can also look into the types of trees that are being
planted under the program. If households have been able to plant species that allow
them to harvest non-timber products, this means that there will be a greater likeli-
hood that the program investment will be long term and generate cash flows in the
future.

Similar models can be constructed to determine whether the NFPP has led to
livelihood improvement for state employees but worsening for rural households in
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areas near the natural forests, and how implementing the NFPP has restricted com-
munity log production (Chapter 2). Once again, we can relate the income, employ-
ment, and other relevant changes with the participation choice, time of observation,
and characteristics of the individual agents.

3.5.2 Targeting Efficiency

For the SLCP, one major issue is whether or not the plots with the most suitable
features for retirement have indeed been retired. If so, targeting is successful. Since
the plots of the participants vary a lot in terms of their productivity and susceptibility
to soil erosion, a successful program should also be able to induce households to
retire land that has relatively little effect on family income. Given that the main goal
of the program is to prevent soil erosion, its designers have made the steepness of
the slope one of the main criteria on which plots are selected for inclusion into the
program—in southwest China the program targets land with 25◦ of slope or more to
participate. In the northwest the program targets land with 15◦ of slope or more.

To examine targeting efficiency of the SLCP—the likelihood of certain crop-
lands to be retired—some analysts have estimated a version of the following logit
model, in which the probability of land retirement is a function of plot features,
household characteristics, and other variables (Xu, Tao & Xu (2004); Uchida, Xu,
& Rozelle, 2005). That is, the probability of retirement pij, a discrete variable indi-
cating whether household i retires plot j (= 1 if retired, 0 if not), is a function of the
plot features Plotij (e.g., slope [<25◦, 15~25◦, <15◦], soil quality [high, average, or
low], distance from home [close, or far away]), household characteristics (e.g., size,
working members, per capita landholding, age and education of household head),
and other variables (e.g., county/township dummies):

pij = Pr
〈
retirement| Plotij, HSi, Di

〉 + εij = �
(
α + Plotij β + HSi γ + Di θ

) + μij

(3.3)
where �( · ) denotes the cumulative logistic distribution function, α, β, γ , and θ are
coefficients to be estimated, and μ is the error term.

The thrust of this model is to determine whether or not it can be statistically
shown that plots with high slopes and low yields were indeed targeted in the pro-
gram, controlling for other household and plot characteristics. A positive and signif-
icant coefficient is expected on the slope variable, which suggests that slopes with
greater steepness would be more likely selected for participation. In contrast, a neg-
ative coefficient on the yield variable would indicate that plots with higher yields
would be less likely to be selected for participation.

Because we doubt that the steepness of slope per se is an adequate proxy for
erosion severity, however, the above model should be run alternatively. First, we
will include the steepness proxy; then, we will replace it with the assessed soil losses
of different plots at the beginning of the program. In so doing, we will be able to
further infer whether or not the targeting efficiency has been really as high as what
was reported and, if necessary, how to enhance that efficiency.
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Moreover, the detected forest or grass types, survival, stocking, or growth rates
under both the NFPP and SLCP can be regressed against such factors as tenure
status, quality and availability of seeds or seedlings, provision of technical service,
amount and timing of subsidy delivery, and characteristics of agents. In addition to
elucidating the targeting efficiency, findings from this kind of analysis will be useful
for demonstrating the implementation efficacy.

3.5.3 Cost Effectiveness

High targeting efficiency may nevertheless not result in cost effectiveness. A pol-
icy is cost effective only if it achieves the policy objective at the lowest possible
cost. For the SLCP, we can compare the program subsidy with actual grain pro-
duction by farmers to determine whether and how the land retirement is over- or
under-subsidized, and whether other localized practices of implementation can save
government funding. The main outlays for the government associated with imple-
menting the SLCP are the set-aside payments that it must make to farmers.

In principle, if the cost effectiveness of China’s conservation set-aside program
is to be optimized, both environmental and productive heterogeneity need to be con-
sidered. That is, the cost effectiveness would be greatest if payments were indexed
on the basis of each plot’s slope (choosing the steepest ones, which might generate
the greatest environmental benefit) and yield history (choosing the lowest yielding
one, which would require the lowest payment to cover its opportunity cost). Under
the current mechanism, however, the government offers only two levels of compen-
sation for participation in the two large basins of the Yangtze River and the Yellow
River, with a difference in the grain subsidy only (Chapter 1). The program has
not closely matched payments to maximize the environmental benefit and minimize
payments. Thus, better targeting could have reduced costs to the government as well
as to the farmers.

To see how well the program has produced environmental benefits in a cost-
effective way and to determine which factors cause the variation of cost effective-
ness, we postulate that the cost differential �C (compared to the baseline) for agent i
in year t is determined by the specific practice M, institutional arrangement A (coor-
dination and monitoring), community involvement I (whether participated and what
decided), characteristics of the agents X, and locational dummy D:

�Cit = β0 + β1Ai + β2Mt + β3It + β4Xit + β5Di + νit (3.4)

where β0, β1, β2, β3, β4, and β5 are coefficients to be estimated, and ν is the error
term. Formulated and estimated properly, the significance of these coefficients will
reveal both the degree of cost effectiveness and its determinants.

For the NFPP, we can investigate whether public investments in forest protection,
regeneration, and management are justified in relation to the expenditures of local
best practices. It has been argued that if some of the activities could be contracted
out to non-state workers, instead of having state employees perform the activities, a
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large portion of the outlays would be saved (Yin, Xu, Li, & Liu, 2005). By compar-
ing the current payment rates with what nearby farmers would offer and running a
similar switch regression against the institutional, agent, and other features, we can
shed a great deal of light on the above question.

3.6 Data Generation and Acquisition

The analytic tasks outlined above require a large amount of comprehensive and
accurate data, and data availability and reliability are important to a successful
assessment. However, data are generally not easily available, accessible, or of high
quality in China. Here, we describe our strategies to overcome these difficulties.

First, by adopting a stratified sampling technique, we can gather the needed social
economic data from a survey. That is, we pick some representative counties (of ero-
sion and desertification control) and state forest bureaus (of natural forest protec-
tion) from the relevant regions first; then, we choose certain townships, forest farms,
households, and state employees to administer the necessary questionnaires, includ-
ing the status and contract terms of program participation, socioeconomic activities,
perceptions, and characteristics of individuals and local organizations. These survey
efforts should result in a large number of observations for executing the socioeco-
nomic research tasks.

Second, we will derive the attributes and dynamics of the LUCC information
for the selected study sites from interpreting satellite images to discern the changes
resulted from implementing the restoration programs. Given that China’s official
LUCC statistics are notoriously inaccurate or unavailable and that China has few
field stations for biological and hydrological observations (Zhao et al., 2008), this
strategy is especially beneficial. And advances in geospatial science and GIS appli-
cation have made it much easier to measure and analyze LUCC and ecosystem con-
ditions (Lambin, Geist, & Lepers, 2003; Foley et al., 2005). The primary source
of the spatial information is the Enhanced Thematic Mapper (ETM) images for the
period of 1997–2005. Consistent with the common land-use classification system,
regional land uses will be classified into six primary categories (cropland, wood-
land, grassland, urban and other built-up areas, water, and other) and 18 secondary
categories (Liu et al., 2003).

Third, the bulk of the other biophysical data can be collected from existing
sources. For instance, soil data can be obtained from a national database with multi-
layer information at a 10 ×10 km resolution, including soil texture, bulk density,
organic matter content, and wilting point and field capacity for each layer (Shi &
Yu, 2002); watershed drainage classes can be found from a GIS-based moisture
index by integrating topography, flow accumulation, curvature, and water holding
capacity with digital elevation model and soil texture data (Iverson, Dale, Scott,
& Prasad, 1997); climate data, containing monthly minimum, mean and maximum
temperature, and mean precipitation, can be obtained from a country-wide database
of 0.1◦ × 0.1◦ resolution (Fang et al., 2001); and nitrogen deposition from wet and
dry sources at the county level can be found from the literature (Li & Frolking,
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2006). If necessary, these and other data can be updated and expanded. To validate
data and calibrate simulations, ground truthing and field experiments (e.g., land-use
practices vs. soil erosion or carbon cycling) can be undertaken.

Finally, we will strive to build longitudinal data of socioeconomic and ecological
nature with longer series. As noted, the assessments performed so far have data for
a few years, which may have captured only the early, partial effects of a program.
Further, it is desirable if we can go back to the 1980s or even to an earlier period
of time to trace out the land use change trajectory and identify the patterns and
turning points, so that we will be able to put the LUCC in a historic perspective
and relate it with the potential drivers more clearly. Additionally, our data must
be generated in line with assessment at multiple scales. That is, micro-level data
will allow us to examine how local farmers respond to the programs and what the
induced consequences are, but this type of data can hardly capture LUCC on a larger
scale and is incompatible with evaluating the accompanying environmental impacts.
Moreover, certain ecological consequences and their spatial heterogeneity can be
examined only with data covering a large geographic scale.

3.7 Synthesis and Actions

In this chapter, we began with a claim that the assessment of China’s ecologi-
cal restoration programs has so far not been well integrated, with more attention
devoted to the short-term socioeconomic impacts. Without an integrated and more
balanced assessment, however, we will not be able to provide effective and timely
answers to such key questions as: Have these programs been effectively imple-
mented, and if so, how? Have they affected the socioeconomic situations and the
ecological processes and if so, how? Therefore, we set out to articulate and outline
our methodology for an integrative assessment of these programs, based on our own
research experience.

First, we argued that an integrative assessment of the programs should: (1)
embrace both socioeconomic and environmental impacts as well as the effectiveness
of their implementation; (2) be conducted at multiple scales with a regional focus
and spatially explicit longitudinal data; (3) engage active interdisciplinary collabo-
ration; and (4) connect science with policy. Then, we described in detail our gen-
eral approach and specific models to quantify the environmental and socioeconomic
impacts induced by implementing the restoration programs, and addressed how to
overcome the challenges in generating all of the needed data for executing these
empirical tasks.

We believe that the methodology that we have put forth is novel in integration and
feasible in execution, and that the research agenda that we have outlined is essential
and practical. It is worth reiterating that, in order to implement the methodology and
fulfill the agenda, the following specific actions must be taken: (1) build capacity of
a multidisciplinary team with expertise in landscape ecology, social science, remote
sensing and GIS, and climate change; (2) develop comprehensive datasets of spatial,
census, and survey sources and robust treatment effect and ecological models; (3)
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integrate analytic efforts at the individual, community, and regional scales; and (4)
collaborate with Chinese scholars and practitioners.

The later chapters of this book are empirical studies that feature, one way or
another, the methodology and agenda that we have proposed. We hope that after
having browsed those chapters, the readers will come to an agreement with us in
that these empirical efforts in combination represent a major advancement of our
knowledge of the implementation effectiveness and impact significance of China’s
ecological restoration programs. Moreover, we hope that the readers will concur
with us in that a broader adoption of this methodology and a further execution of
this agenda will lead to a much improved scientific understanding of the program
impacts and a greatly enhanced institutional capability of implementing similar pro-
grams in and outside of China.

Looking ahead, this methodology will take us a long way into measuring and
evaluating ecosystem services. In their “call to ecologists,” Kremen and Ostfeld
(2005) stated that, in order to manage ecosystem services in the future, we need
to better understand their underlying ecology, and use it to develop better market
signals for ecosystem services, create better strategies and policies for their conser-
vation and sustainable use, evaluate the tradeoffs between policies and practices that
promote different services, and design management and conservation plans for ser-
vices at the whole-system level. Foley et al. (2005) also noted that society faces the
challenge of developing strategies that reduce the negative environmental impacts
of land use while maintaining socioeconomic benefits and sustainability policies
that must assess and enhance the resilience of different land-use practices. We are
excited to put these good concepts into effect by assessing the impacts of China’s
ecological restoration programs with an adequate framework.
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Chapter 4
Land Cover Changes in Northeast China
from the late 1970s to 2004

Zhangquan Shen, Runsheng Yin, and Jiaguo Qi

Abstract This chapter presents a quantitative analysis of land cover changes in
northeast China from the late 1970s to 2004 using remote sensing and the Geo-
graphic Information System. Land covers are mapped into six classes and nine
sub-classes from multi-temporal Landsat MSS, TM and ETM+ images and SRTM
DEM data. It is found that while forestland and wetland were greatly reduced until
2000 due to farming expansion and urbanization, spurred by population growth,
their decline trends have been revered most recently. Meanwhile, built-up land has
kept increasing. Further, the land cover changes occurred primarily in areas with
low elevation and gentle slope. These results suggest that the forest and wetland
protection and restoration projects have taken effect. However, there remains a long
way to go before the ecosystems are greatly recovered and can function in the way
that society expects.

Keywords Ecological restoration · Land cover change · Landsat
MSS/TM/ETM+ · Digital elevation model · Northeast China

4.1 Introduction

In recent decades, land use and land cover change (LUCC) has become an impor-
tant part of global change research because of its interaction with climate, ecosys-
tems, biogeochemical cycles, and human activities (Xiao et al., 2006). The work of
many investigators has shown that LUCC affects the global system in various ways,
including atmospheric composition, regional climate, soil quality, hydrology, and
biodiversity (Xu, Liu, An, Chen, & Yan, 2007; Turner, Lambin, & Reenberg, 2007).
Humans are the main force behind the global conversion of land cover (Kuemmerle,
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Radeloff, Perzanowski, & Hostert, 2006), and their ecological and environmental
influence has been steadily increasing.

Remote sensing can provide spatially consistent data sets that cover large areas
with both high spatial detail and temporal frequency, and it is accepted as a “unique
view” of the spatial and temporal dynamics of the LUCC processes. Therefore,
remote sensing techniques have been widely used in detecting and monitoring land
cover change at various scales (Xiao et al., 2006; Keuchel, Naumann, Heiler, &
Siegmund, 2003). The goal of this chapter is to assess the land cover change in
northeast China using remote sensing and GIS techniques. While we will focus
on the change since the late 1990s when various forest and wetland protection and
restoration projects were launched, we intend to trace the regional land cover change
back to the late 1970s to put it in the proper context.

Due to its broad and repetitive coverage, Landsat has provided the scientific com-
munity with valuable imagery that can be utilized for detecting terrestrial land cover
conditions and tracking vegetation dynamics, agricultural activity, urban growth,
and surface hydrology (Alrababah & Alhamad, 2006). Further, its thermal band
measures the emission of energy from the earth’s surface, and it can thus be used as
an indicator of land cover type based on recorded temperatures (Southworth, 2004).
The post-classification method of change detection, which compares two or more
separately classified images of different dates, is commonly used (Dewidar, 2004;
Yuan, Sawaya, Loeffelholz, & Bauer, 2005).

China’s tremendous population explosion, economic growth, and urbanization
have caused major problems of resource depletion and ecosystem degradation
(Liu & Diamond, 2005; Yin et al., 2005). To tackle these problems, the govern-
ment has recently initiated a series of ecological restoration programs (Xu et al.,
2006). It is interesting and important to detect the induced land cover change of
these programs and to relate the change to the policy initiatives in a timely manner.
In so doing, not only will it make it possible for the science community to assess the
potential impacts of these initiatives on ecosystem functions, but it will also enable
us to provide much needed feedback to the agencies regarding the effectiveness of
their policies.

While there have been many studies of the LUCC in China, most of them dealt
with changes before 2000 (Jiang, 2002; Tang, Wand, & Zhang, 2005; Wang et al.,
2005; Xiao et al., 2006; Xu et al., 2007; Zha, Liu, & Deng, 2008). The LUCC in
China after 2000 is rarely examined. In order to examine this period, it is neces-
sary for us to acquire and interpret images available for the most recent past. In
this chapter, we select ten counties in northeast China as a study area because of
its significance as a primary natural forest and wetland region. Our results show
that while forestland and wetland were greatly reduced until 2000 due to farming
expansion and urbanization, driven by population growth, their decline trends have
been reversed most recently. Moreover, the land cover changes occurred mainly in
areas with low elevation and gentle slope. These findings suggest that the forest and
wetland protection and restoration projects have been effective. However, there is a
long way to go before the ecosystems are greatly recovered and can function in a
manner that society expects.
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4.2 Study Area

The study area is located in Heilongjiang province of northeast China. It includes
10 counties with a total area of about 29,000 km2, and ranges from 45◦ 32′
18′′ N to 47º 45′ 8′′ N latitude and from 128◦ 14′ 24′′ E to 132◦ 33′ 31′′ E
longitude. Its elevation is between 23 and 1,307 m above sea level. The north-
east part belongs to the Sanjian Plain and is the lowest part in the study area,
whereas the middle and southern parts are hilly and mountainous (see Fig. 4.1).
This area has a temperate, humid to sub-humid continental monsoon climate.
The annual temperatures are 21–22◦C (average maximal), 1.4–4.3◦C (mean),
and –18◦C (average minimal). Mean annual precipitation is 500–600 mm, and
80% of all rainfall occurs between May and September. The frost-free period is
120–140 days.

Prior to 1950, the region was endowed with primary natural forests and wetland.
From the 1950s to the late 1990s, however, a lot of the forestland and wetland was
cleared for farming and timber (see Chapter 1). Since then, the central government
has invested heavily in protecting the natural resources and restoring the ecosystems.
While it is true that the environmental conditions have improved significantly in
recent years, little has been done to assess to what extent the resource conservation
projects have made a difference.

Fig. 4.1 Location of the Study Area and Its Elevation and Slope
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4.3 Materials and Methods

4.3.1 Landsat Imagery

The Landsat images used in this study cover four points of time from the late 1970s
to 2004. They include one set of MSS images for the late 1970s (hereafter, 1977),
two sets of TM images for around 1990 (hereafter, 1990) and 2004, and one set
of ETM+ images for around 2000 (hereafter, 2000). Each set has three images to
cover the entire study area. The path, row, and acquired date for each scene are
listed in Table 4.1. Notice that due to quality concerns, images for a given year
may not be available; a common practice in this circumstance is to assemble them
around a given year as closely as possible (Xiao et al., 2006; Jarvis, Reuter, Nelson,
& Guevara, 2006). Also, notice that because of the quality deterioration of ETM+
images for 2004, TM images are used.

The MSS, TM, and ETM+ images for the first three points of time were down-
loaded from the Global Land Cover Facility site (http://glcf.umiacs.umd.edu), and
they were georeferenced and rectified by the GLCF to UTM projection zone 52
and WGS84 datum with a spatial resolution of 57, 28.5, and 28.5 m, respectively.
Their TM6 images were re-sampled to match the resolution of other bands using
the nearest-neighbor method. The TM images for 2004 were ordered from China
Remote Sensing Satellite Ground Station, and they were geo-encoded and matched
to the ETM+ images one by one with a total RMS error of less than 0.5 pixels using
the image-to-image registration method. Then, they were re-sampled to 30 m using
the nearest-neighbor method. Nearly all of the Landsat images are free of cloud.
Finally, all sets of images were masked using the boundary of study area.

Table 4.1 Brief Information for Landsat Imagery Used in the Study

Date Late 1970s Around 1990 Around 2000 Around 2004

Type of sensor MSS TM ETM+ TM
Path and row 124–27

124–28
125–28

115–27
115–28
116–28

115–27
115–28
116–28

115–27
115–28
116–28

Acquired date 24/08/1978
27/05/1976
03/07/1976

25/06/1991
02/09/1993
23/05/1994

12/08/2000
12/08/2000
03/06/2001

12/06/2004
12/06/2004
22/08/2004

4.3.2 Topographic Data

Topography is a fundamental geophysical variable that contains valuable informa-
tion about the geodynamic and climatic history of a region (Coblentz & Riitters,
2004). It can be used in ecology, hydrology, agriculture, and many other fields
as a means of explaining and predicting processes through modeling. It has also
been used as a supplementary source of information for land cover classification.
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In addition, slope and aspect data produced from a coarse spatial resolution digital
elevation model (DEM) can be integrated with multi-spectral data for land cover
analysis (Nguyen, Atkinson, & Lewis, 2005).

Detailed and accurate DEM information can be generated from remote sens-
ing systems, such as SPOT and ASTER, and finer differences in elevation can be
obtained with airborne laser-scanners. NASA recorded most of the world’s topog-
raphy in the Shuttle Radar Topographic Mission (SRTM), and these data have been
available for nearly the entire globe. An evaluation test indicated that if only car-
tography with scales above 1:25,000 (i.e., 1:50,000 and 1:100,000) is available, it
is better to use the SRTM DEMs. The SRTM DEMs can be used for terrain deriva-
tives (slope, aspect, landscape classifications, etc.) as well (Jarvis, Rubiano, Nelson,
Farrow, & Mulligan, 2004). However, some regions may miss data because of a
lack of contrast in the radar image due to presence of water, or excessive atmo-
spheric interference. These data holes are especially concentrated around rivers,
lakes, and steep areas. This non-random distribution of holes impedes the potential
use of SRTM data and has been the subject of a number of innovative algorithms for
“filling-in” through spatial analysis techniques. In this study, the post-processing
3 arc second SRTM DEM data were acquired from CGIAR-CSI (the Consortium
for Spatial Information of the Consultative Group for International Agricultural
Research) web site by a geographic projection with the WGS84 horizontal datum
and EGM96 vertical datum (Jarvis et al., 2006). The non-data holes in the original
DEM were filled with the help of available auxiliary DEM data through an inter-
polative technique within an Arc/Info AML model, from which the slope informa-
tion was derived. The DEM and slope data were masked using the region boundary
of study area.

4.3.3 Pre-processing and Classification

A land-use map at a scale of 1:500,000 was obtained for the selection of training
data and validation of classification results. The map covers the whole Heilongjiang
province around 1995. Even though it was developed following the old version of
the Chinese land-use classification system (Chinese National Land Resource Survey
Committee, 1984) and its resolution is a bit coarser, it is still very helpful.

The whole image pre-processing included two steps. First, MSS 4-7 or TM/ETM
1-5,7 were transformed by Principal Component Analysis (PCA) method and the
first n principal components that accounted for over 98% of the variance in the
images based on Eigen-value analysis were extracted. Second, the extracted PC
images, elevation, slope and thermal band (only for TM and ETM images) were
stacked together. Before classifying land cover, a two-tier hierarchical classifica-
tion scheme was set up with the assistance of long-term field knowledge gained
from geography, vegetation, and land cover in northeastern China. There are six pri-
mary classes: farmland, forestland, grassland, built-up land, water body, and unused
land. Farmland, forestland, and grassland are further divided into certain sub-classes
(Table 4.2).
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Table 4.2 Description of the Land Cover Classification System Used in this Study

Level 1 class Level 2 class Description

Farmland Paddy land Farmland mainly used for growing paddy rice and lotus
roots with guaranteed water source or irrigation
facilities, including paddy field rotated with dryland
crops.

Dry land Rain-fed farmland without irrigation; dry farmland
with irrigation; land mainly for growing vegetables;
and fallow land.

Forestland Dense Natural or plantation forest with canopy cover >40%.
Sparse Natural or plantation forest with canopy cover ≤40%.

Grassland Dense Natural or artificial grassland with canopy cover >20%.
Sparse Natural or artificial grassland with canopy cover ≤20%

Bodies of Water Natural water system and land for irrigation facilities,
including river, lake, pond, glacier, reservoir, etc.

Built-up land Residence, transportation network, and other buildings,
including land for urban occupation, etc.

Unused land Land not yet used, including those difficult to be used
such as desert, gobi, salina, barren soil, bare rock,
wetland, etc.

The widely used supervised classification method, Maximum Likelihood Classi-
fication (MLC), was employed. That is, the ancillary land cover map was overlaid
on the images, and the training site data were collected by means of the on-screen
selection of the polygons. The NDVI (Normalized Difference Vegetation Index)
images derived from the original images were used to help the identification of sub-
classes of forestland and grassland based on the MLC. Due to satellite instruments
and other considerations, the images in each set were classified individually. The
classified results of images in each set were then combined for further analysis.

The resultant land cover maps were assessed for accuracy in ERDAS IMAGINE
ver. 9.1. About 1,500 pixels were randomly selected from each set of classified
outcomes in the study area. A confusion matrix was first generated, and then the
producer’s and user’s accuracy as well as the Kappa coefficient for each class and
the whole image set were derived.

In determining land cover change, a cross-tabulation detection method was
adopted. A change matrix was produced, showing the overall land cover changes
and gains and losses in each class. And the change matrix reveals the main types of
changes in the study area (Wang et al., 2005).

4.4 Results

The derived accuracy measures for each land cover class and the whole image set
are summarized in Table 4.3. While some classes have a relatively low degree of
classification accuracy, those major ones, such as forestland and farmland, have a
very high degree of accuracy. Further, the overall degree of accuracy is quite high.
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Fig. 4.2 Maps of Land Covers in the Study Area

So, it can be said that the results are reasonably accurate (Alrababah & Alhamad,
2006).

The land cover maps for the four points of time are shown in Fig. 4.2. The overall
land cover changes from the late 1970s to 2004 are illustrated in Fig. 4.3. It can be
seen that farmland and forestland are the two largest land cover classes in the study
area. Farmland took up 46.13–56.75% of the total area, and forestland accounted for
32.69–41.31%. But built-up land had the largest rate of change in the whole study
period. The area of farmland increased steadily from the late 1970s to 2000, and
then it declined from 2000 to 2004.

From Table 4.4, it is found that the expansion of farmland came mostly from
forestland, unused land, and grassland. While the dominant part of the farmland was
dry land, the proportion of paddy land increased from the late 1970s to 2000 and
then stabilized. The unused land, more precisely wetland in this area, was reclaimed
and converted to paddy land. The largest proportion of farmland is located in the
area of slopes less than 2◦ and elevations less than 200 m, and it is noticeable that
cropland in this range declined from 2000 to 2004, because of the conversion to
built-up land, grassland, or unused land (Figs. 4.4 and 4.5).

The trend of change for forestland from the late 1970 to 2000 was opposite to
that of farmland. That is, while farmland increased significantly, forestland declined
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rapidly. But forestland slightly increased from 2000 to 2004. Conversion of forest-
land to farmland was the major driver for the decrease of forestland, as shown in
Fig. 4.3. The proportions of sub-classes in forestland were stable from the late 1970s
to 2000, and then changed slightly. The dominant sub-class of forestland is dense
forest, and its proportion was over 91% in the entire study period. The forest restora-
tion and conservation projects launched in the late 1990s might be a cause for the
slight increase of forestland from 2000 to 2004. The forestland was mostly located
in the zone of medium slope (2–15◦) and elevation (200–500 m), and its change
occurred in the zone with low to medium slope (less than 15◦) and elevation (less
than 500 m); this trend of change coincided with the overall change of forestland
in the flat and low elevation area (less than 2◦ and 200 m), and it was stable in the
areas of steep slope (more than 15◦) and high elevation (over 500 m).

The percentage of grassland was very low in this area and it had the similar trend
of change to forestland. The major conversion for grassland was between farmland,
forestland, and itself. Grassland was located mostly in mountainous areas and inside
or near forest before 2000, but its major part shifted to low altitude area and plains,
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Table 4.4 Land Cover Transition over Time in the Study Area (Unit: ha)

Late 1970s

Land
cover
classes Farmland Forestland Grassland

Water
bodies

Built-up
land

Unused
land

Around
1990

Farmland 1,158,357 143,955 40,568 6,375 2,201 134,951

Forestland 32,888 980,366 5,667 463 654 2,679
Grassland 946 41,699 2,445 109 19 562
Water

bodies
3,721 1,208 299 28,217 10 6,523

Built-up
land

72,150 12,972 4,785 683 7,288 8,138

Unused
land

68,327 15,914 2,988 4,356 97 102,804

Around 1990

Around
2000

Farmland 1,327,921 104,707 26,938 4,661 49,210 134,152

Forestland 31,009 895,773 12,659 65 3,322 6,192
Grassland 6,927 17,185 4,903 86 950 1,135
Water

bodies
4,482 508 151 31,442 844 2,225

Built-up
land

72,257 7,365 579 3,194 49,794 13,573

Unused
land

46,321 2,090 566 597 2,025 37,370

Around 2000

Around
2004

Farmland 1,273,770 92,105 12,318 1,963 53,835 35,995

Forestland 101,503 832,828 13,917 236 4,819 2,780
Grassland 24,310 4,571 183 15 2,043 665
Water

bodies
11,946 541 202 33,128 5,543 3,014

Built-up
land

120,873 16,508 4,310 1039 71,973 7,663

Unused
land

114,634 1,705 212 3,145 8,499 38,780

and was converted from farmland by 2004. The cause of the shift might be the
policy of protecting wetland and grassland since late 1990s. Most of the grassland
was located below 500 m and the main change for grassland occurred in the area of
low elevation (less than 200 m) and gentle slope (less than 2◦). Likewise, nearly all
bodies of water were located in flat areas (less than 2◦) below 200 m.

From the late 1970s to 2004, the area of built-up land increased about 20 times
due to the population growth and life style change. Most of the expanded built-
up land came from farmland, which is easy to distinguish on the land cover maps
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Fig. 4.4 Distribution of Land Covers in Different Slope Zones over Time

(Fig. 4.2). The main part of the built-up land was in the area of low elevation (less
than 200 m) and gentle slope (less than 2◦). The unused land, or wetland, declined
from the late 1970s to 2000, and increased thereafter. The cause for the decline was
that the wetland was reclaimed as farmland to meet the increasing demand of food
and other products, and the recent increase might be due to the wetland protection
policy (SFA, 2007). Most of the unused land was in areas below 200 m and with
low slope (less than 2◦).
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4.5 Conclusions and Discussion

Using multi-temporal Landsat imagery and GIS-related techniques, this study has
produced fairly accurate land cover maps for ten counties in northeast China, which
is one of the focal areas of the country’s recent forest and wetland protection and
restoration initiatives. These maps enabled us to assess the land cover characteris-
tics and changes over time. Our results indicate that from the late 1970s to 2004,
the study area experienced some significant land cover changes, induced by human
activities, agricultural policy, and ecological restoration. Year 2000 was a turn-
ing point of the land use trends. Before that time, farmland expanded persistently
by encroaching on the natural forests, grassland, and wetland, due to population
increase and agricultural growth. This led to the depletion of natural resources and
degradation of ecosystems as well as reduced economic benefits to farming (Tong,
Hall, & Wang, 2003). However, since the forest restoration and wetland protec-
tion projects were launched in the late 1990s, the declining trend of forestland was
reversed and a large part of the farmland was converted to forestland and wetland.
Also, built-up land experienced a continuous increase in the study area, which is
typical across the country, given the demographic and economic trends.

While we are satisfied with the accuracy of our results, they can be improved.
First, although the terrain and thermal information was considered in the classifica-
tion and the spectral similarity of land cover classes caused errors, more adequate
contextual knowledge should be considered in the classification in order to tackle the
“confused” pixels and minimize the error. This will lead to a more accurate assess-
ment of the land cover change. Second, ecological, political and economic factors
should be incorporated into the driving forces analysis of LUCC. Finally, taking
year 2000 as a turning point, we may derive more detailed land cover information
before and after it so as to benefit the analysis of land cover change and its causes
and effects. These ideas are being pursued currently.
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Chapter 5
Modeling the Driving Forces of the Land
Use and Land Cover Changes Along the Upper
Yangtze River

Qing Xiang, Runsheng Yin, Jiutao Xu, and Xiangzheng Deng

Abstract Induced by high population density, rapid but uneven economic growth,
and long-time resource exploitation, China’s upper Yangtze basin has witnessed
remarkable changes in land uses and covers, which have resulted in severe envi-
ronmental consequences, such as flooding, soil erosion, and habitat loss. This paper
examines the causes of the land use and land cover changes (LUCC) along the Jin-
sha River, one primary section of the upper Yangtze, aiming to better understand
the human impact on the dynamic LUCC process and to provide necessary pol-
icy actions for sustainable land use and environmental protection. Using a panel
dataset covering 31 counties over four time periods from 1975 to 2000, the study
develops a fractional logit model to empirically determine the effects of socioeco-
nomic and institutional factors on changes for cropland, forestland, and grassland. It
is shown that population expansion, food self-sufficiency, and better market access
drove cropland expansion, while industrial development contributed significantly
to the increase of forestland and the decrease of other land uses. Similarly, stable
tenure had a positive effect on forest protection. Moreover, past land use decisions
were less significantly influenced by the distorted market signals. The policy impli-
cations of these findings and future directions of research are also discussed.

Keywords Land use and land cover changes · Driving forces · Fractional logit
model · Upper Yangtze basin · Policy action

5.1 Introduction

A better understanding of the causes and consequences of land use and land
cover changes (LUCC) is essential for global change studies because of their
tremendous effects on carbon and water cycles, ecosystem functions, and human

Q. Xiang (B)
Department of Forestry, Michigan State University, East Lansing, MI 48824, USA
e-mail: xiangqin@msu.edu

69R. Yin (ed.), An Integrated Assessment of China’s Ecological Restoration Programs,
DOI 10.1007/978-90-481-2655-2_5, C© Springer Science+Business Media B.V. 2009



70 Q. Xiang et al.

welfare (Turner, Meyer, & Skole, 1994; Geoghegan et al., 2001; Müller & Zeller,
2002; USGCRP, 2004). With continuous population growth and rapid economy
development, China has witnessed substantial changes in land uses over the past
several decades, and these changes have resulted in severe environmental conse-
quences, such as flooding, soil erosion, and habitat loss. All of these have led to
serious concerns about the sustainability of China’s development (Liu, Liu, Zhuang,
Zhang, & Deng, 2003). Thus, how to allocate the limited land resources so as
to simultaneously satisfy the demands for food, natural resource materials, urban
expansion, and quality environment has become a great challenge.

The upper Yangtze basin in China constitutes a great site for the LUCC research.
The Yangtze River is the country’s longest and the world’s third largest river, which
starts out from the Tibetan Plateau in the west, courses 6,300 km across 11 provinces
(autonomous regions), and finally flows into the East China Sea. The Yangtze basin,
with a total area of 180 million ha (19% of the country’s area), nurtures around 40%
of China’s population, possesses 40% of the country’s potential hydro-power, and
contributes to more than 40% of China’s GDP (Du, 2001). However, the develop-
ment of the whole basin has been threatened by the environmental deterioration in
the upper reaches.

The upper reaches of the Yangtze River refer to the vast area west of Yichang,
Hubei, with a total area of over 105 million ha. The region is known for its rich
biodiversity and complex geography. It features a wide variety of ecosystems that
have been recognized as a major biodiversity hotspot (Conservation International,
2002). Accompanying the diverse ecosystems are the extreme fluctuations in topog-
raphy and landscapes including high mountains and deep gorges in the west to hills
and lowlands in the east. Such sharp variations make the region vulnerable, but it is
the malpractices of human land use that worsen the situation. Deforestation, farm-
land expansion, and grassland degradation have seriously damaged native vegetation
covers, causing severe environmental problems (Du, 2001; Xu, Katsigris, & White,
2002; Loucks et al., 2001). The deteriorated environment not only reduces land
productivity in the region and threatens the lifespan and effectiveness of the Three-
Gorges Dam, but also imposes large risks on economic development and people’s
livelihoods in the middle and lower reaches of the Yangtze. Therefore, it is important
and imperative to understand how the regional LUCC are affected by various factors,
so that appropriate policy adjustments can be made for more sustainable land use.

However, few rigorous studies have been done on the LUCC driving forces in the
upper Yangtze. The existing works are mostly concerned with the long-term food
security because of arable land loss that is undermining China’s food production
capacities. These works either examined cropland changes under different socioe-
conomic scenarios at the national level (Fischer & Sun, 2001; Verburg, Veldkamp,
Espaldon, & Mastura, 2002; Zhang, Mount, & Boisvert, 2003), or analyzed regional
arable land losses induced by urbanization and infrastructure or industrial expansion
especially in the metropolitan areas (Yeh & Li, 1998; Ji et al., 2001), or looked into
the effects of cropland suitability shifts on food production (Li, Peterson, Liu, &
Qian, 2001). As stated by Liu et al. (2003), “. . . In the future, we need to study
thoroughly the impact of human social and economic activities on land-use change
at regional scales (p. 384). . .”
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This paper aims to gain a better understanding of the LUCC process in the upper
Yangtze region and thus provide the essential knowledge for taking appropriate pol-
icy actions in achieving more sustainable land use. Specifically, we will develop and
estimate a sound econometric model to determine the driving forces for changes in
cropland, forestland, and grassland in the region; and we will do so by incorpo-
rating various socioeconomic and institutional as well as biophysical factors in a
spatially explicit way. Our results show the driving forces have different effects on
different land uses and the economic growth and institutional change have played
important roles in affecting the LUCC. It is expected that the study will provide
significant insights concerning the regional land policy, resource management, and
environmental protection. Of course, these insights also are of relevance to other
regions in China and indeed other developing countries. The paper is organized as
follows. A brief description of the study site will be given in the next section, fol-
lowed by the method and data sections. Then, estimation results will be presented
before concluding remarks.

5.2 Study Site

Because of the expansiveness of the upper Yangtze basin, the study site was selected
along the Jinsha River, part of the upper Yangtze with a length of 2,290 km.
The Jinsha River refers to the section starting from Yushu County in Qinghai
province, flowing across Qinghai, Tibet, Yunnan, and Sichuan, and ending in Yibin
of Sichuan. The total area of this catchment is about 34 million ha, but included
for this study are 31 counties fully located inside it (97.7◦–104.8◦E, 25.4◦–32.7◦N)
with 14 million ha. Nineteen counties are in Yunnan, with an area of 7.2 million ha;
the other 12 in Sichuan have an area of 6.8 million ha (Fig. 5.1 ).
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Fig. 5.1 The Study Region in Sichuan and Yunnan of China
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The Jinsha River basin is known for its sharp descent, fragile geology, and severe
soil erosion. The main stream precipitates by 3,280 m, while the elevation of the
basin ranges from 300 to 6,140 m. Among the 31 counties, six have at least 70%
of their lands at altitudes higher than 3,000 m, and 21 have at least 50% of their
lands at altitudes between 1,500 and 3,000 m. Meanwhile, lands in 13 counties have
slopes up to 60◦. The geological structure of the lower Jinsha basin is dominated by
Triassic shale and sandstone, which weather rapidly in the subtropical monsoon cli-
mate and yield soils that are susceptible to erosion (Lu, 2005). The steep slopes and
fragile soils make the Jinsha basin a major sediment source to the Yangtze. It is esti-
mated that annual soil loss from the upper Yangtze region averages 1.57 billion ton,
accounting for 71.4% of the total soil loss of the whole Yangtze basin. About 45%
of soil loss of the upper Yangtze region comes from the Jinsha basin (Pan, 1999).

Unfavorable natural conditions and poor transportation infrastructure make the
region relatively isolated from the outside and suffer from a high incidence of
poverty. In 2002, for example, the GDP of Ganzi Tibetan prefecture was ranked sec-
ond to the last in Sichuan and even worse, the net per capita income of rural house-
holds (RMB 900/y) ranked the last in the province – less than half of the provincial
average (Sichuan Statistics Yearbook, 2003)1. Of the 19 counties in Yunnan, 15
are national poverty counties (Wang, 2003), and 31.5% of the rural households had
a per capita income lower than RMB 1,000/y (Yunnan Statistics Yearbook, 2003).
Nonetheless, farming has long been a major income source in the region. From 1975
to 2000, the average value of annual farming output accounted for at least 55% of
the total agricultural output (in addition to farming, official statistics for agriculture
include animal husbandry and forestry). However, animal husbandry grew more
rapidly than farming and forest sectors: its output share increased from 18% in 1975
to 35% in 2000. The output value from forestry was comparatively small, amount-
ing to about eight percent of the total value of agricultural output, albeit the higher
share of forestland.

5.3 Methods

5.3.1 Conceptual Model

Models used to examine the LUCC drivers are mostly derived from the land-rent
maximization theory. The land owner is assumed to allocate a parcel of land of
quality j at time t to the use that can generate the highest present value of a stream of
net returns over time. For example, the net return for a parcel of cropland of certain
quality at time t, W a

t , equals the net present value of a stream of crop revenues minus
cultivation costs, plus the present value of the land salvage value (Ahn, Plantinga, &
Alig, 2000). The net return for a tract of forestland of certain quality at time t, W f

t , is
the net present value of a series of timber harvest rotations, determined by stumpage

1The Chinese government initially defined the poverty line as per capita income below 200 yuan
in 1985. Based on inflation and other considerations, the figure has been adjusted upwards over
time, reaching 1067 yuan in 2007 (China State Statistics Bureau 2008). A national poverty county
is declared if a majority, but not necessarily all, of the local population lives below the poverty line.
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prices and yields by species (Munroe & York, 2003). The land will be allocated to
forestry if W f

t ≥W a
t , otherwise to farming (Plantinga, 1996).

The observed land use shares at the county level are derived by aggregating the
land use choices of individuals who attempt to maximize land rents. For each land
quality type j across a county, the land is allocated to different uses to maximize the
total returns, subject to its availability (Miller & Plantinga, 1999; Ahn et al., 2000).
That is:

Max
∑

k

Wjkt
(
Xkt, hjkt

)

subject to:
∑

k

hjkt = Hjt (5.1)

where k is the land use choice set, Wjkt is the net return function for the kth land
use in quality class j at time t,hjkt is the land area for the kth use in quality class j at
time t, Hjt is the total land area with quality j at time t, and Xkt encompasses all the
variables that affect the net return to land use k at time t. The solution to the problem
is the optimal allocation hjkt

∗, expressed as:

h∗
jkt = h∗

jkt

(
Hjt, Xt

)
(5.2)

If the total land area for a county is H(t) = ∑

j
Hj(t), the sum of lands with

different quality j, then the optimal share of land use k for this county at time t, pk,
is defined as:

p∗
k (X, t) = 1

H(t)

∑

j

h∗
jkt(Hjt, Xt) (5.3)

Notably, while a parcel of land with a certain quality can be allocated to different
uses, the share of each land use differs across lands with different qualities or land
characteristics. What we are interested in here is not only how the land is allocated
to different uses at a given time, but also how changes happen to each use over time.

5.3.2 Estimation Method

Following the theoretical model for land allocation, the share of a land use can be
defined as (Miller & Plantinga, 1999):

yk
it = pk

it ( Xit ) + εk
it (5.4)

where yk
it and pk

it are the observed and expected shares of land use k in county i at
time t, and εk

it is the independently and identically distributed error term. The sum
of yk

it or pk
it equals to unity when the range of k covers each land use in county i at

time t.
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It should be pointed out that y and p are bounded between zero and one, implying
that it is not appropriate to express y or p as a linear function of the explanatory
variables and thus to estimate it with a conventional method. A potential problem is
that the fitted value of y or p may fall outside the unit interval. To avoid this problem,
p can be modeled as a logistic function:

E
(

yk
it

∣∣∣ Xit

)
= pk

it = exp (Xit βk)

1 + exp (Xit βk)
(5.5)

and then the observed land share y for use k is expressed as:

yk
it = exp (Xit βk)

1 + exp (Xit βk)
+ εk

it (5.6)

where β is the coefficient vector. The above specification, called the fractional
logit model, ensures that predicted values for y ranges between zero and one. It
is assumed that ε satisfies a logistic distribution. Note that while βn gives the sign
of the partial effect of the nth explanatory variable on a land use, its magnitude can-
not represent the partial effect of that explanatory variable on the dependent variable
(Wooldridge, 2002).

A popular approach to coefficient estimation is to transform the above model so
that the log-odds of the dependent variable have a conditional expectation on the lin-
ear form of explanatory variables: E (log[y|(1-y)]/X)=Xβ, which is estimated by the
OLS method. But such a transformation has certain drawbacks. First, it cannot be
used directly if the dependent variable takes on boundary values, zero and one. Sec-
ond, it is difficult to interpret the coefficients because without further assumptions it
is impossible to recover how y is expressed by explanatory variables (Wooldridge,
2002). To address these problems, the fractional logit model is estimated with the
quasi-Maximum Likelihood Estimator (MLE), which provides a consistent estimate
of β when E(y|x) is expressed as a logistic form. Meanwhile, the potential problems
of heteroskedasticity and serial correlation in variance can be taken care of with the
econometrics software.

In principle, the fractional logit Equation (5.6) needs to be established for each
type of land use k, and the sum of dependent variables equals to one. To ensure the
identification of these equations, only k-1 equations are estimated. Because the total
land area is classified into four primary categories in this study, a system of three
equations will be estimated. The effects of explanatory variables on the fourth land
use type equal to unity minus the sum of the effects on the other three.

5.4 Data Description

The dataset, covering the 31 counties over five time points (mid-1970s, mid-1980s,
late 1980s, mid-1990s, and late 1990s), is used in the fractional logit model to
elucidate the LUCC drivers from 1975 to 2000. The dataset consists of two parts:
the dependent variables – land use shares derived from satellite images, and the
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explanatory variables – biophysical and socioeconomic factors gathered from
multiple sources.

5.4.1 Land Use Data

The land use data are derived from Landsat Multi-Spectral Scanner (MSS),
Thematic Mapper (TM), and Enhanced Thematic Mapper (ETM+) images. In cases
where certain images are missing or of poor quality, those from adjacent years are
taken to obtain the information for a given time point. The land use/cover data of
the mid-1970s (hereafter referred to as “1975 data”) are derived from MSS images
of 1973–1977, late 1980s data (“1990 data”) are derived from 1988 and 1989 TM
images, mid-1990s data (“1995 data”) are derived from TM images of the year
1995, and late 1990s data (“2000 data”) are derived from TM/ETM+ images for
1999 and 2000.

The data for 1990, 1995, and 2000 are a subset of China’s national land cover
dataset created by the Chinese Academy of Sciences (CAS). Due to the unavailabil-
ity of images for the mid-1980s, a land cover map for 1985 was scanned and digital-
ized to generate the needed data. The classified land use/cover data are re-sampled
to form a raster-format dataset with a resolution of 100 m, and then overlapped with
a county boundary map to generate the corresponding county-level data (Table 5.1 ).
Tests by CAS (Liu et al., 2003) show that the accuracy rate for 1975 data is 88%; the
accuracy rate for 1990, 1995, and 2000 is 92.92, 98.40, and 97.45%, respectively.

Table 5.1 Land Use Patterns in the Study Region from 1975 to 2000

Land uses/
covers (ha) 1975 1985 1990 1995 2000

Changes between
1975 and 2000

Cropland 1,603,687 1,614,621 1,561,700 1,563,426 1,560,719 –42,968
Forests 7,487,370 7,530,783 7,498,984 7,551,545 7,466,451 –20,919
Grassland 4,242,754 4,117,841 4,310,880 4,224,982 4,388,228 145,474
Others 707,821 778,387 670,068 701,679 626,234 –81,587

Note: Data are from the Institute of Geographic Science and Natural Resources, Chinese Academy
of Science (Liu et al., 2003).

5.4.2 Explanatory Variables

We use the procurement prices for grain, log, and livestock to represent the eco-
nomic returns from cropland, forestland, and grassland. Relative to these market
signals, however, decisions on land use in China were and still are influenced by
government regulation and population pressure. For cropland, farmers sign con-
tracts with local governments to manage it, and contracts are valid for decades and
seldom adjusted so as to provide stable “use rights.” In principle, cropland expan-
sion on grassland or forestland is prohibited; but in practice, such encroachment
does happen due to the necessity for food production and the difficulty in regulation
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enforcement. Because of uncertain use rights, however, reclaiming cropland could
be induced by contemporary price change, but not by the long-term profitability.
Grain procurement prices faced by producers were controlled by the government,
and their effects on land use decisions might not be as apparent as expected because
they were depressed. In forestry, timber harvest and distribution were largely con-
trolled by the government, and the state-owned enterprises and collective forest enti-
ties had little motivation for long-term management. It is thus reasonable to assume
that forestland changes were not greatly affected by the limited price movements.
Similarly, the modest livestock price changes might not induce significant grassland
shifts. Nevertheless, output prices can have significant cross effects.

Costs are not easily identifiable for crop, timber, and livestock production at the
county level. As an alternative, we adopt the approach used by Chomitz and Gray
(1996) and elaborated by Kaimowitz & Angelsen (1998), who observed that the
distance of a parcel of land to roads, reflecting market access, affects both output
and input costs and thus land use patterns. The road length in a county is used to
capture the transportation cost and market access for that county. And we expect
that compared to grassland and forestland, cropland is more likely allocated close
to settlement centers.

Industrial development is included as an explanatory variable as well. This is
because while industrial development may take away some fertile cropland, it pro-
motes transfer of surplus rural labor to off-farm activities, which reduce pressures
on natural resources and help environmental conservation. Off-farm activities also
alter the opportunity cost for rural labor, which constrains labor available to exten-
sive farming (McCracken et al., 1999) and improves farmers’ income and abilities
to adopt new technologies. As a result, enhanced land use productivity can better
satisfy livelihood needs and therefore reduce resource overexploitation.

Population expansion is widely used as a determinant of land use changes
(Mertens, Sunderlin, Ndoye, & Lambin, 2000), and its main effect is to cause crop-
land encroachment on forestland and grassland and related resource degradation
(Yin & Li, 2001). Soil characteristics influence land allocation by determining land
suitability for different land uses and productivity. But measuring soil characteris-
tics for a county is hard because of the large variations of the soil features. So, the
average elevation of a county is used to represent soil features as well as temperature
and other biophysical conditions that affect land use2.

The food self-sufficiency policy and forest tenure arrangement are two major
political-institutional factors that have affected land use patterns in the study region.
The former, reflected in grain procurement quota, encouraged cropland expansion
on slopes previously covered by forest or grassland (Xu, Yin, Li, & Liu, 2007).
It is thus hypothesized that a decreasing quota, as a sign of relaxing the policy,
should benefit the restoration of vegetation covers. The latter, if clearly defined and
enforced, forms the basis for at least stable forest management. In the study area,
around 30% of the forestland is owned by the state. This forestland was seldom

2Elevation will not be listed in the summary statistics of variables because it is a time-constant
variable. It ranges from 295 meters (m) to 6109 m for the study region, with a mean of 3070 m.
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Table 5.2 Summary of Variables Used in the Fractional Logit Model

Measurement 1975 1985 1990 1995 2000

Population 1,000 Persons 6,101 6,815 7,141 7,592 7,908

Population
density

Person/km2 0.66 0.73 0.78 0.82 0.86

Grain price1 Index
(1990 = 1)

0.587 0.669 0.972 1.619 2.035

Log price1 Index
(1990 = 1)

0.589 0.531 0.927 1.046 1.294

Livestock price1 Index
(1990 = 1)

0.860 0.863 1.085 1.873 2.218

Industry output
(IO)2 1,000 RMB 69,534 141,243 169,494 516,442 698,396

Agricultural
output (AO)2

1,000 RMB 189,063 329,188 351,141 533,255 729,546

IO/AO 0.320 0.403 0.443 0.768 0.762
Highway km 6,132 9,836 11,592 14,173 28,059
Highway rate km/ha 0.0009 0.0014 0.0016 0.0021 0.0031
Grain quota3 Ton 170,423 141,292 111,231 115,691 107,481
Per capita quota Ton/person 0.030 0.028 0.016 0.016 0.014
State forest share 0.338 0.331 0.322 0.319 0.314

Note:
1 Grain, log, and livestock price indices are provincial aggregates.
2 Agricultural and industry outputs are output values at 1990 constant price.
3 Grain quota is from the local grain bureau, and the state forest share is from the local forest
bureau. All other data come from local statistics bureaus.

converted to other uses due to its stable and clear tenure, although forest degradation
happened because of over-harvesting. In contrast, for sloping lands that belonged
to the collectives or those without clear ownership, forestland or grassland loss to
cropland often occurred (Xu et al., 2007). Thus, the share of state-owned forest is
employed to proximate forest tenure stability. It is not suggested, though, that state
ownership is superior and does not need reform.

Table 5.2 summarizes all the variables. Note that a variable’s value at a given
point of time is the average value from the adjacent years whose range is the same
as that of the land cover data. For instance, the land use/cover data in 1975 is derived
from the remote sensing images of 1973–1977; so correspondingly, data for each
explanatory variable in 1975 is the mean value of 1973–1977. Appendix details the
definitions and variations of some of these variables.

5.5 Estimation Results

Including all the explanatory variables, our empirical model becomes:

Yit = f
(
GPit, FPit, LPit, INDit, POPit, ROADit, GQit, SFit, Eit

) + εit

where i denotes county and t denotes time. Y represents cropland share, forest
share, or grassland share; GP is the price index for grain, FP the price index for
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logs, LP the price index for livestock; IND is the ratio of industry output to gross
agricultural output; POP denotes population density, ROAD denotes the highway
rate, GQ represents per capita grain quota, SF represents the share of state-owned
forests, and E denotes the elevation. Province and year dummies are also added
to control variations across provinces and over time. The model is estimated with
STATA software. Endogeneity test indicates that all explanatory variables can be
taken as exogenous ones.

Table 5.3 lists the estimated results for the shares of cropland, forestland, and
grassland. To save space, coefficients for province and year dummy variables are
omitted. It should be noted that the listed coefficients are the corresponding elastici-
ties calculated according to the land use changes, but not β. This way of presentation
can indicate the extent of driving forces’ impacts on each type of land use. In gen-
eral, signs of most coefficients are as expected and statistically significant, and the
effects of explanatory variables are different on different types of land use.

Two price coefficients are statistically significant. First, grain price has a signifi-
cant negative effect on the change of forestland share; one percent increase of grain
prices can reduce the forestland share by 0.37%, holding other variables constant.
This indicates that farmers indeed seek short-term farming profits from the increased
grain prices by encroaching forestland. Second, the effect of livestock price on crop-
land share is positively significant at 10% level; one percent increase of livestock
price can result in 0.94% increase of the cropland share when controlling other vari-
ables. This suggests that some crops are planted for feeding domestic animals, so a
higher livestock price drives more feedstock production. The insignificance of most

Table 5.3 Estimation Results of Fractional Logit Model for Primary Land Use

Explanatory
variables Cropland Forest Grassland Others

Grain price – 0.519 (0.358) – 0.367 (0.180)∗∗ 0.357 (0.342) – 0.428
Log price 0.011 (0.101) – 0.087 (0.058) 0.067 (0.089) – 0.215
Livestock price 0.944 (0.565)∗ 0.192 (0.368) 0.087 (0.694) – 4.251
Industry/

agricultural
output

– 0.047 (0.011)∗∗∗ 0.068 (0.027)∗∗ – 0.114 (0.059)∗ 0.919

Highway rate 0.215 (0.077)∗∗∗ 0.018 (0.054) 0.105 (0.140) – 1.721
Population

density
0.480 (0.028)∗∗∗ – 0.335 (0.082)∗∗∗ 0.157 (0.134) –0.732

Per Capita Grain
quota

0.037 (0.020)∗ – 0.005 (0.011) – 0.015 (0.034) 0.108

Share of
state-owned
forest

– 0.132 (0.085) 0.116 (0.072)∗ – 0.133 (0.107) 1.023

Elevation – 1.232 (0.128)∗∗∗ – 0.633 (0.139)∗∗∗ 1.222 (0.335)∗∗∗ – 6.509

Note:
1. Numbers in parentheses are standard error of the coefficient “∗”, “∗∗” and “∗∗∗” represent 10,

5, and 1% significance level, respectively.
2. There were 122 observations used in the estimation, because of some missing values for high

way variable. So, the degree of freedom was 107.
3. Result for other lands are derived, thus without significance level.
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other price variables partially proves our prior knowledge that the LUCC might not
be driven much by price signals, especially for forestland and grassland. On the
other hand, the use of a provincial index could have concealed the price variations
across counties.

Industrial development significantly reduces the pressures on resource exploita-
tion. The higher the industry output, the lower the shares of cropland and grassland,
and the higher the share forestland. A one percent increase of industrial develop-
ment can result in 0.05% decrease in cropland, 0.11% decrease in grassland, and
0.07% increases in forestland. As discussed earlier, economic development does
affect the LUCC by altering land economic returns and labor opportunity costs. Con-
sistent with our assumption, highway construction has significant effects on crop-
land changes. Holding other variables constant, one percent increase of the highway
rate can result in a 0.22% increase in the cropland share. Insignificant effects of
highway rate on forestland and grassland changes imply that given other conditions,
forestland or grassland share in a county is not closely connected to its highway
length. So, road construction has more influence on the changes of cropland use
than anything else.

Demography significantly affects land use changes. Counties with higher popu-
lation density observed higher cropland share and lower forestland share. Increased
population resulted in cropland expansion to meet the growing food demand and
imposed pressure on forest resources. One percent increase in population density
causes the cropland share to grow by 0.48%, while it induces forestland to decline
by 0.33%. Although the effect of population growth on grassland changes is statis-
tically insignificant, the positive sign makes sense. Results from the three equations
show that the share for other lands declined with the population growth, which sug-
gests that farming encroaches on unused lands or even bodies of water because of
limited cropland resource.

Grain procurement quota has significant effects on cropland expansion. One per-
cent increase of per capita grain quota could induce a 0.04% increase of the cropland
share. No significant effects of grain quota on forestland and grassland changes are
found, but the signs of coefficients are as expected: an increase of grain quota is
associated with a decrease in forestland and grassland. So, it can be inferred that
eliminating grain quotas will reduce not only burdens on farmers but also cropland
expansion at the expense of forestland or grassland. Tenure indeed has a significant
influence on forest resource status. The share of forestland increases by 0.12% when
the state-ownership is one percent higher, holding other variables constant. Addi-
tionally, the share of other lands goes up with the increase of state-owned forest-
land. Finally, the estimation also proves that land use allocation varies significantly
with altitude. The cropland and forestland shares decrease with altitude, but more
grassland is found in the high elevation.

5.6 Conclusions and Discussion

This study develops and estimates a fractional logit model to examine the driv-
ing forces of the LUCC in the upper Yangtze basin. Results indicate that industrial
development had a significant effect on reducing cropland expansion and conserving



80 Q. Xiang et al.

forest resources, whereas population growth put pressures on land resources and
contributed to deforestation and grassland degradation. In the past, land use deci-
sions were made to capture immediate profits, but they were not significantly influ-
enced by the long-term price signals. In addition, institutional and policy factors
played critical roles in shaping the land use patterns: lowering grain quota levied on
farmers reduced cropland expansion, and stable forest tenure led to a higher share
of forestland.

These and other results carry significant policy implications. First, off-farming
opportunities not only increase farmers’ income, but also lure them out of rural
areas and thus reduce their disturbance to land covers. With the increasing popula-
tion, development of non-farming sectors has become an important way to alle-
viate poverty as well as to protect natural resources. Local governments should
provide job services to facilitate farmers’ pursuit of off-farming activities. Sec-
ond, market mechanism should be promoted in allocating land resources. That
prices did not significantly influence land use decisions in the past is partially
because these prices were not real market signals but government-controlled ones,
and such distorted prices could not adequately guide long-term land use deci-
sions. For instance, the growth rate of log procurement price was lower than that
of livestock price and grain price, and the log price did not reflect higher mar-
ket demand for forest products and discouraged reforestation and forest manage-
ment. Reforestation and afforestation will improve if forest managers face higher
and more transparent log prices and thus expect to get reasonable returns in the
long run.

The food self-sufficiency policy was not conducive to efficient and sustainable
land use because the grain procurement quota disrupted the trade and distribution
of agricultural products across the nation, and caused more land and other inputs
to be used in crop production. It is not necessary to meet food demand with local
production for a region like our study site that possesses poor farming conditions
and limited cropland. However, with abundant grassland and forestland, farmers
should specialize in livestock and forest industries and establish their comparative
advantage in the marketplace.

Moreover, clearly defined tenure arrangement encourages long-term planning
and protection of forest resources. State ownership represents a stable forest tenure,
which has reduced the possibility of forest conversion. However, unclear beneficia-
ries of collective forests and distorted market prices discouraged farmers from for-
est management and investment, and consequently the collective forests were more
likely to be degraded and even converted to other uses. Results of this study imply
that it is important to implement tenure reforms for the collective forests, including
the clarification of use and benefit rights, the creation of a well-functioning mon-
itoring and enforcement system, and dissemination of transparent and fair market
information to the local forest managers. In doing so, it is expected that the for-
est conversion to other uses will slow down or even reverse, forest investment will
increase, and sustainable forest management will follow.

While the fractional logit model developed well explains the driving forces of
the regional LUCC, more needs to be done in order to enhance our understanding
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of the complicated land use processes. The logit form of the share functions is
ad hoc to some extent. As applied in this study, it does not treat relevant vari-
ables as endogenous or account for the feedback effects and thus is insufficient
to illuminate the dynamic interactions among different variables. Therefore, future
study should develop more sophisticated models that incorporate the interactive
processes and environmental consequences into the analysis of the LUCC driving
forces (Turner, Lambin, & Reenberg, 2007). Such efforts will shed new light on the
fundamental question of how the land use changes have happened and help gen-
erate more reliable projections on the future LUCC. Moreover, the effect of tech-
nological progress on the LUCC should be considered. Technology progress is a
critical solution to sustaining the livelihood of an expanding population on a lim-
ited land base (Müller & Zeller, 2002). But technology progress itself is determined
by socioeconomic changes and resource endowment (Ruttan, 2001). Thus, incorpo-
rating endogenous technology progress into the analytic framework in examining
the LUCC driving forces more effectively will be a major research step, which can
lend great insights to the quest for sustainable development. Undoubtedly, these
tasks will be accomplished only if more comprehensive datasets, particularly those
longitudinal ones with long time series and spatially explicit observations, can be
built.

Appendix: Definition and Variation of Some Key Variables

Land use is categorized as cropland, forestland, grassland, and other lands. Forest-
land, grassland, and cropland are major land-use types for the study region. In 2000,
these three land-use types accounted for 53, 30, and 11%, respectively. All other
lands accounted for about five percent of the total land (Table 5.1). Compared to
1975, areas of cropland, forest, and other lands in 2000 decreased, while grass-
land increased. Notably, for each of four periods from 1975 to 2000, the percentage
change of each land use was not large. Because the study area has 14 million ha, a
change even as small as one percent was actually not of small magnitude. On the
other hand, the original image processing at the national scale could have obscured
the county-level LUCC. Moreover, opposite land conversions (e.g., from cropland
to forest and vice versa) always take place, leading to the lack of relative variation
for each land use over time.

The land conversion information is insightful for understanding the dynamic
LUCC process. The extent of cropland conversion to forestland, grassland, and other
lands was larger before 1990 than that thereafter. Between 1975 and 1990, about ten
percent of cropland was converted out, whereas from 1990 to 2000 only four per-
cent of cropland was converted out. Similarly, grassland conversion to cropland,
forestland, and other lands was at a larger scale before 1990. Except for the period
of 1975–1985 when a majority of grassland was converted to other lands, most of
the grassland was converted to forestland. Meanwhile, grassland was also the major
outlet of forest conversion. In contrast, conversion between grassland and forestland
for each period made the total area for forestland and grassland look stable, which
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indicates the necessity to examine the causes of the changes for different land uses
at a finer scale, such as the county level.

Prices used are the provincial indices, meaning that at each time point the value
of each price is the same for all counties of the province. All prices increased con-
tinuously from 1975 to 2000. Grain and livestock prices rose at an annual rate of
over 12% in the early 1990s, while the late 1980s witnessed the fastest log price
increase. Growing livestock price over time partially explains why livestock hus-
bandry is preferred as a means of improving rural income. Log procurement price
was more stagnant compared to the other two. This is partly why the farmers have
little incentive for long-run forest investment and management, and instead they
harvest when the price goes up or when they have access to the forest to capture
immediate profits.

Highway mileage in a county is used to represent road length. China’s statistics
provide a standard definition of highway, so there is no ambiguity or discrepancy
for data of highway length across counties over time. Highway rate, the ratio of
highway length to county area, is the variable used in the analysis to remove the
effect of county size.

Industrial development is defined as the ratio of industry output to gross agricul-
tural output. Despite the dominance of the agricultural sector in the economy, its
share declined. In 1975, the ratio of industry output value to the agricultural output
was 0.3, and it increased to 0.4 in 1990 and further soared to 0.76 in 2000. Compared
to that in 1975, industry output in 1990 more than doubled, and in 2000 increased
by nine times. This is because the annual growth rate of industry output was much
higher than that of agriculture.

Population density, total population divided by county area, is used in our
modeling. Total population kept increasing over time, but at a declining rate. The
annual population growth rate was 1.3% between 1975 and 1985, then decreased to
0.83% in the late 1990s. Accordingly, the population density also rose over time at
a declining rate.

Grain procurement quota includes a portion for paying agricultural tax and
another portion that is mandated to be sold to the state-owned procurement bureau at
lower prices. Grain procurement quota declined gradually, and in 2000 it decreased
to 60% of the 1975 level. Because of such a large decline, grain quota per rural
resident also decreased dramatically, from 30 kg in 1975 to around 14 kg in 2000.
The decrease of grain quota over time implies that the food self-sufficiency require-
ment became gradually out of date as the agricultural produce market became
more developed. Since 2003, China has terminated the quota-based agricultural tax
nationwide.

Share of state-owned forests in Sichuan is around 50%, while in Yunnan province
it is just 20%. The share of state-owned forest decreased slightly over time in both
provinces, and there were two reasons for this. First, disputes about land ownership
were gradually resolved between local government and communities, with the latter
having taken up some forests from the former. Second, afforestation and conversion
of sloping cropland to forests increased the total as well as collective forestland
gradually, and thus the percentage of the state forest declined.
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Chapter 6
An Integrative Approach to Modeling Land
Use Changes: The Multiple Facets
of Agriculture in the Upper Yangtze Basin

Runsheng Yin and Qing Xiang

Abstract Land change science has emerged as a fundamental component of global
environmental change and sustainability research. Still, much remains to be learned
before scientists can fully assess future roles of land use/cover changes (LUCC) in
the functioning of the earth system and identifying conditions for sustainable land
use. The objective of this chapter is to gain a better understanding of the complex
interactions of human and natural drivers underlying LUCC. We do so by devel-
oping and estimating a novel structural model of land use and by using spatially
explicit longitudinal observations from the upper Yangtze basin of China. Our anal-
ysis focuses on the multiple dimensions of agriculture—not only cropland use itself,
but also grain production, soil erosion, and related technical change; and our data
cover 31 counties over four time periods from 1975 to 2000. Our results show that
technical change plays an important role in supplying food on a limited cropland;
limiting cropland expansion in turn reduces soil erosion, which then benefits grain
production in the longer term. It is also found that policies and institutions have
significant impacts on land use and the status of soil erosion. Together, these results
carry some great implications to sustainable land use and ecosystem management.

Keywords Land use and land cover change · Coupled human and natural
processes · Driving forces · Structural model of multiple equations · Upper Yangtze
basin

6.1 Introduction

Human-driven changes in the terrestrial surface of the planet hold broad signif-
icance for the structure and functions of ecosystems, with equally far-reaching
consequences for human well-being (Turner et al., 2007). Past land-use and
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land-cover changes (LUCC), while enabling humans to appropriate an increasing
share of the earth’s resources, have profoundly altered its conditions and adversely
affected carbon and water cycles and ecosystem functions (Foley et al., 2005;
Geoghegan et al., 2001); and LUCC in the future will further intensify the trends of
climate change, groundwater depletion, species extinction, and soil nutrient losses
(Millennium Ecosystem Assessment, 2005). Hence, LUCC have been widely recog-
nized as an important field of scientific research. The US Global Change Research
Program stated that: “A better understanding of the processes, rates, causes, and con-
sequences of land use change and land management practices is essential for many
areas of global change research” (USGCRP, 2004). More recently, “land change sci-
ence has emerged as a fundamental component of global environmental change and
sustainability research” (Turner et al., 2007).

Significant progress in quantifying LUCC in the past decade notwithstanding,
a lot remains to be learned before scientists can fully assess the future roles of
LUCC in the functioning of the earth system and identifying conditions for sus-
tainable land use (USGCRP, 2004, Lambin, Geist, & Lepers, 2003). Early studies
of the LUCC causes tend to feature some sort of discrete choice or reduced-form
model, which prescribes that the share or quantity of LUCC is determined by land
rent, land and/or landowner characteristics, and other external factors (Walker &
Moran, 2000; Kaimowitz & Angelsen, 1998; Chomitz & Gray, 1996). Among other
things, these studies identify economic return, market access, industrial develop-
ment, demographic change, and macro policy as major drivers of land use decisions.
However, they have given little attention to the interactions of biophysical factors,
such as soil and water conditions, and socioeconomic factors, such as technical
change in the LUCC process (Veldkamp & Fresco, 1996; Lambin, Rounsevell, &
Geist, 2000).

The study by Xiang et al. (Chapter 5) was conducted to illustrate the strengths
and weaknesses of the current analytic approach. Using a fractional logit model,
they examined the LUCC driving forces in China’s Upper Yangtze basin. Their
results show that industrial development had a significant effect on reducing crop-
land expansion and conserving forests, whereas population pressures contributed to
deforestation and grassland degradation. Further, land use decisions were not signif-
icantly influenced by the distorted, and often depressed, price signals. In addition,
institutional and policy factors played critical roles in shaping the land use patterns.
Nonetheless, that type of model failed to capture the connectivity of various factors
in influencing LUCC. Also, technical change was not incorporated. So, they came
to the conclusion that more sophisticated modeling strategy is called for to reflect
the dynamic LUCC linkages.

In fact, as a coupled natural-human process, not only are LUCC affected by the
interactions of biophysical and socioeconomic factors, these factors also can in turn
be affected by LUCC and their induced feedbacks. So far, few efforts have been
made to investigate these complex relationships. Also, empirical linkages between
proposed causal variables and LUCC commonly involve the more proximate fac-
tors to the land-use end of explanatory connections, such as subsistence farmers
and deforestation; the root causes that shape the proximate ones, such as poverty
or policy, tend to be difficult to connect to land outcomes, due to the number and
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complexity of the linkages involved (Turner et al., 2007). For instance, it is poorly
understood how technical change can mitigate the pressures of population growth
and ecological degradation (Müller & Zeller, 2002). To overcome these difficulties,
it is essential that LUCC studies incorporate the relevant variables and account for
their endogenous effects (Irwin & Geoghegan, 2001). To that end, however, contin-
uous and long data series are needed.

The objective of this chapter is to address the above challenges in LUCC
research. We will do so by developing and estimating a novel structural model of
land use and by using spatially explicit longitudinal observations from the upper
Yangtze basin of China. Our model will focus on the multiple dimensions of
agriculture—not only cropland use itself, but also grain production, soil erosion,
and related technical changes. That is, we will develop a system of four equations to
characterize the various facets of agriculture and their interactions in elucidating the
LUCC driving forces. Notably, cropland is a main category of land use in the study
region, and data for an integrative study of the agricultural sector are more likely
available.

It is expected that this effort will contribute to a better understanding of the com-
plex human and nature processes underlying the LUCC. In particular, our results
show that technical change plays an important role in producing food on a limited
land base; limiting cropland expansion in turn reduces soil erosion, which then ben-
efits grain production in the longer term. Our results also highlight that policies
and institutions have significant impacts on land use and the status of soil erosion.
Together, these results carry some important implications to sustainable land use and
ecosystem management. The chapter is organized as follows. We present our meth-
ods and data in the next section, followed by estimated results. The final section
contains the conclusions and discussion.

6.2 Methods and Data

6.2.1 Conceptual Framework

To disentangle the complex interactions of LUCC drivers, we will concentrate on the
multiple facets of cropland use. Our model of the causal relationships for cropland
use is composed of four interactive components: grain production, farming technical
change, and soil erosion, in addition to cropland itself. Grain production is deter-
mined by labor, land, capital, and other inputs with embedded technical changes,
such as irrigation and fertilization. Technical changes are induced by the relative
prices or opportunity costs of production factors (Ruttan, 2001). That is, farmers
make their decisions of land use and technical adoption in response to the external
economic conditions. When land rent becomes lower compared to capital or labor
costs, land-extensive technology as well as production mode will be employed.
When land becomes scarcer and thus rent increases, substitution of land with
labor or capital will occur, and corresponding farming technology will be adopted
(Müller & Zeller, 2002).
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Technical adoption enhances grain productivity, which will in turn affect land
use decisions. Changes in land use patterns can then alter the status of resource
scarcity, which has implications to resource rent (price) and technology adoption.
Of course, technical change must be brought to bear by institutional changes, such
as improved land tenure and price liberalization (Lin, 1992; Yin & Hyde, 2000).
Furthermore, not only does land use change interact with technical change, but its
environmental consequence also generates feedback. Extensive farming on sloping
land can lead to increased soil erosion, which adversely affect land productivity,
forcing farmers to reclaim more cropland on even steeper slopes to meet their food
needs (Xu et al., 2006). Of course, this will result in even more severe soil erosion.

In contrast, intensive farming can reduce disturbances to sensitive ecosystems.
For example, if farming technology improves grain production to an extent such
that the existing cropland meets farmers’ food needs, cropland expansion will thus
be halted; in certain cases, some sloping or inferior cropland may even be con-
verted to forest or grass coverage. Consequently, soil erosion can be mitigated. In
this sense, technical change also contributes to environmental improvement, which
will benefit grain production in the longer term. Increased grain productivity can
further relieve human pressures on cropland expansion, encourage environmental
conservation, and finally drive land use onto a sustainable path.1 That is why it is so
crucial to incorporate technical change and environmental consequences into LUCC
research.

6.2.2 Empirical Approach

Given that in agriculture, cropland change interacts with farming technology, grain
production, and their environmental feedbacks in a complex manner, it becomes
plausible and beneficial to represent these interactions and feedbacks with a system
of equations. Here we specify four equations for our empirical analysis, with the
four dependent variables being cropland use (C) grain production (P), farming tech-
nology (T), and soil erosion (S). The interactions of these variables mean that they
are endogenous and thus each shows up as explanatory variables in other equations.

The empirical model can be written as:

Pit = f1(Xit, Tit, Sit) + εit

Tit = f2(Cit, Yit) + δit

Cit = f3(Tit, Pit−1, Yit, Zit) + υit

Sit = f4(Cit, Xit, Yit) + τit

(6.1)

where f1–f4 are functional forms of the four equations, X, Y, and Z are conven-
tional input variables and other socioeconomic and biophysical variables (see detail
below), i and t denote the spatial and temporal units of observations, and ε, δ, ν and

1To be sure, intensive farming has its own environmental problems as well, such as soil salinity
and toxicity due to improper chemical applications (Ruttan, 2001).



6 An Integrative Approach to Modeling Land Use Changes 89

τ are error terms. Note that cropland area at each time point, instead of cropland
change between two points, is used to ensure that the time-series data are consistent
for each equation.

Specifically, grain production is defined as a function of farming labor, cropland,
other inputs with embedded technical change,2 and the environmental condition
represented by the status of soil erosion and elevation. In our analysis, technical
change encompasses three components—fertilizer use, irrigation infrastructure, and
multiple cropping. As noted, technical change is affected by resource endowment,
changes in relative prices (such as input costs and output prices), and other exter-
nal socioeconomic and biophysical factors. Therefore, technical change is defined
as a function of cropland area, grain price, input cost, farmer net income, market
access, and elevation. While cropland area represents resource endowment, ele-
vation denotes the biophysical environment of the observation unit. Farmers’ net
income affects their abilities to apply technology—a farmer with a higher income
has the ability to afford more technical inputs and is more willing to try new farming
technologies (Ruttan, 2001). On the other hand, escalating input costs may reduce
farmers’ incentive for technological adoption because of the application of more
technology-embodied inputs (Ruttan, 2001).

Cropland use is determined by grain production, technical change, returns from
each land uses, population pressure, and other variables. We use the procurement
prices for grain, logs, and livestock to represent the comparative economic returns
from cropland, forestland, and grassland. Relative to these market signals, however,
decisions on land use in China were and still are influenced by government regu-
lations, such as the food self-sufficiency policy and forest tenure arrangement. The
former, reflected in the grain procurement quota, encouraged cropland expansion on
slopes previously covered by forest or grassland (Xu et al., 2006). It is hypothesized
that a decreasing quota, as a sign of relaxing the policy, should relieve the pressure
on cropland expansion. The latter, if clearly defined and enforced, forms the basis
for at least stable forest management. In the study area, sloping lands that belonged
to the collectives or those without clear ownership, forestland or grassland loss to
cropland often occurred (Xu et al., 2006). Soil characteristics affect land suitability
for different uses. But measuring soil characteristics for a county is hard because
of their variations and data unavailability. So, the average elevation of a county is
used as a proxy of soil features as well as other biophysical conditions that affect
land use.3

Cropland expansion on slopes was deemed as one of the major causes of soil
erosion in the Upper Yangtze basin (Xu et al., 2006). Deforestation and forest degra-
dation also damage on ecosystem’s abilities to regulate water and soil. On the other

2 Note that technical change and technical adoption are conceptually the same, but they are used
interchangeably in this chapter.
3Our prior knowledge indicated that elevation, varying from 295 meters (m) to 6109 m for the
study region with a mean of 3070 m, is a more meaningful variable, compared to, for instance,
slope or range. Because elevation does not change over time, through, it will not be listed in the
table of summary statistics of variables below.
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hand, the government has been implementing a series of projects to contain soil ero-
sion in the study region. The status of soil erosion is represented by the actual eroded
area, which is defined as the function of cropland area, timber harvest, industrial
development, implementation of restoration projects, and other biophysical features.

Appropriate estimation method and identification are two critical issues in the
following empirical estimation. Since at least one of the explanatory variables in
each equation is endogenous and thus correlated with the error term, OLS is no
longer a valid method to provide unbiased and consistent coefficient estimates.
Thus, the 3-stage least squares (3SLS) technique is applied in estimating the four-
equation system in (6.1). To apply that technique, it is commonly assumed that:
(1) all exogenous variables are uncorrelated with any error term at each time point;
(2) the covariance matrix of the error terms has a kind of system homoskedasticity;
and (3) the rank order condition is satisfied. An equation satisfies the rank order
condition if the number of excluded exogenous variables from it is at least as many
as the number of the endogenous variables included in it (Wooldridge, 2002). Thus,
variables are chosen so as to ensure the identification requirement.

6.2.3 Study Site and Data

The study site was selected along the Jinsha River, part of the upper Yangtze basin
with a length of 2,290 km. Included for this study are 31 counties fully located
inside the Jinsha River catchment (97.7◦–104.8◦E, 25.4◦–32.7◦N), with a total area
of 14 million ha. Nineteen counties are in Yunnan province, with an area of 7.2
million ha; and the other 12 in Sichuan, with an area of 6.8 million ha (see Fig. 5.1
of last chapter). The Jinsha River is known for its sharp descent, fragile geological
structure, and severe soil erosion. Also, the unfavorable farming condition and poor
transportation infrastructure causes the inhabitants of the region to suffer from a
high incidence of poverty. Nonetheless, farming has long been the major income
source. From 1975 to 2000, the average annual value of farming output accounted
for at least 55% of the total agricultural output.4 Meanwhile, this region plays a
critical ecological role in the Yangtze basin because its head waters and primary
forests serve important ecosystem functions (Wang & Deng, 2007).

The dataset covers five time points from 1975 to 2000: mid-1970s, mid-1980s,
late 1980s, mid-1990s, and late 1990s (hereafter, 1975, 1985, 1990, 1995, and
2000). The land-use data were derived from remote sensing images processed by
the Chinese Academy of Sciences (CAS) Liu et al., 2003. The topographic infor-
mation, such as elevation, also was provided by CAS. The socioeconomic data were
from local statistics bureaus or surveys conducted by the authors. Chapter 5 has
documented the data details.

In general, cropland is mostly located in the valleys and it has been fairly sta-
ble throughout the whole period. However, this aggregation may obscure cropland

4 According to the government statistics, included in agriculture production value are the values of
animal husbandry and forestry as well as that of farming.
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changes at the county level. Further, opposite land conversions (e.g., from cropland
to forest and vice versa) take place simultaneously (see Chapter 5). For example,
about 136,000 ha of cropland were converted to grassland, forestland, or other lands
from 1975 to 1985; meanwhile, around 147,000 ha of land were converted to crop-
land from grassland, forestland, and other lands. Notably, the extent of cropland
converted to forestland, grassland, and other lands was larger during 1975–1990
than that during 1990–2000. On the other hand, forestland was the largest source
of converted cropland, except for the period of 1975–1985 when more grassland
became cropland. This situation makes it preferable to identify the LUCC spatial
and temporal variations and model their drivers based on county-level data.

Here, grain consists of cereals, beans, and tubers in Chinese statistics. The sown
area for grain production accounted for 90% of total sown area of all crops in 1975,
and its share was still as high as 77% in 2000. Other inputs include fertilizers, irriga-
tion, and multiple cropping that embody modern farming technologies.5 In the study
region, grain production rose by 70% from 1975 to 2000, with the largest increase
taking place between 1990 and 1995 when applications of technical inputs were
substantially expanded. In comparison, cropland decreased by 41,000 ha from 1975
to 2000, while farming labor increased by 66%. Yield per farming worker increased
by only three percent during that period, leading to a productivity increase of 76%
per unit of land. Clearly, production growth cannot be fully explained by land and
labor increase; and technology-embodied inputs have made a major difference.

We represent technical change with an index that is a weighted average of the
growth rates of the three elements at a given point of time. For instance, the techni-
cal change index in 1975 was obtained by multiplying the growth rates of fertiliza-
tion application, irrigated area, and multiple cropping index in that year. Thus, the
larger the derived figure, the greater the technical change rate is. Fertilization appli-
cation in a county is the amount of fertilizer applied, while the scale of irrigation
infrastructure is represented by the irrigation area.6

Both grain price and input cost are provincial-level indices. Grain price is the
government procurement price index (Chapter 5), while input cost index is an indi-
cator for agricultural input costs given that its calculation takes into account vari-
ous inputs including fertilizer, machineries, feeds, pesticide, etc. Chomitz and Gray
(1996) pointed out that the distance of a parcel of land to roads, representing market
access, affects both output and input costs and thus land use patterns. For this study,
the total road length in a county is used to reflect transportation cost and market
access for the county. The longer the road in a county, the lower transportation costs
and the better market access are. As such, the county has more lands allocated to
farming. The highway mileage in a county is used to represent road length. Highway
rate, the ratio of highway length to county area, is the variable used in the model to
remove the effect of county size.

5 Multiple cropping refers to the situation where the cultivated land is used more than once a year.
It is thus measured with the ratio of the total sown area divided by the total cultivated area. As
such, it enhances the land-use intensity.
6 Field visits indicate that plastic sheeting in high elevations can effectively raise soil temperature
and maintain moisture, resulting in greater probability of crop success and higher grain yield.
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The eroded area in a county was estimated by local water resource bureaus based
on their field surveys. The Erosion Control Project along the Upper Yangtze, car-
ried out since the late 1980s, is the largest of such projects along the Jinsha River
(Wang, 2003), and it combines biological, engineering, and tilling measures. Also,
the Upper Yangtze forestation project launched in 1989 listed erosion control as one
of its objectives. Table 6.1 summarizes all the variables.

Table 6.1 Summary Statistics of Variables Used in the Structural Model

Measurement 1975 1985 1990 1995 2000

Endogenous
Cropland area Ha 1,603,687 1,614,621 1,561,700 1,563,426 1,560,719
Grain production Ton 1,623,484 1,953,656 1,941,526 2,632,755 2,786,049
Technology index 0.073 0.044 0.054 0.065 0.035
Soil erosion area 1,000 ha 2,033 2,385 2,894 3,011 2,743

Exogenous
Population density Person/km2 0.66 0.73 0.78 0.82 0.86
Agricultural labor 1,000 Person 2,178 2,798 3,047 3,509 3,623
Irrigation area Ha 189,588 192,676 194,511 212,489 269,180
Fertilizer Ton 35,984 62,444 72,991 140,065 215,603
Multiple cropping

index
1.397 1.390 1.448 1.623 1.707

Grain price1 Index
(1990 = 1)

0.587 0.669 0.972 1.619 2.035

Log price1 Index
(1990 = 1)

0.589 0.531 0.927 1.046 1.294

Livestock price1 Index
(1990 = 1)

0.860 0.863 1.085 1.873 2.218

Industrial output (IO)2 1,000 RMB 69,534 141,243 169,494 516,442 698,396
Agricultural output

(AO)2
1,000 RMB 189,063 329,188 351,141 533,255 729,546

IO/AO 0.320 0.403 0.443 0.768 0.762
Grain procurement

quota3
Ton 170,423 141,292 111,231 115,691 107,481

Highway rate km/ha 0.0009 0.0014 0.0016 0.0021 0.0031
Farmers’ income RMB 81 278 344 565 1,132
Cost index1 Index

(1975 = 100)
100.100 107.127 136.255 238.744 361.973

Timber harvests m3 259,925 833,007 850,862 854,845 380,868
Erosion control

project
Dummy =1, if project implemented; = 0, otherwise

Forestation project Dummy =1, if project implemented; = 0, otherwise
NFPP project Dummy =1, for the year of 2000; = 0 for other years

1 Grain, log, and livestock price indices are provincial aggregates.
2 Agricultural and industry outputs are output values at 1990 constant price.
3 Grain quota is from the local grain bureau, and soil erosion area is from the local Water
Resources Bureau. All other data come from local statistics bureaus and government documents.
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6.3 Estimated Results

Table 6.2 lists the estimated results. Yearly and provincial dummy variables are
included in each equation to control the temporal trend and regional heterogeneity,
but results are omitted to save space. The coefficient for each variable in the grain
production, cropland, and soil erosion equations is the corresponding elasticity, not
the partial effect. This presentation can indicate the extent of driving forces’ effects
on each of the dependent variables. For the farming technology equation, a coef-
ficient value is the estimated partial effect because the technical change itself is a
variable of percentage. In general, the Chi-square test shows that every equation is
significant, meaning that there is a significant relationship between all independent
variables with dependent variable. R2 values further indicate that the independent
variables in grain production and cropland equations fit very well. Many variables
are statistically significant with expected signs. When those four dependent vari-
ables are used as independent variables in other functions, they are all statistically
significant. This proves our claim that interactions and feedbacks exist among crop-
land use, grain production, farming technology, and environmental consequence.

Results for grain production are mostly as expected. Land, labor, and technical
input all have significant positive effects, while deteriorated soil condition has a
significant negative effect on production. Grain production increases by 0.6% and
0.27% with one percent increase of cropland area and labor, respectively, hold-
ing other variables constant. One percent increase of fertilizer application leads to
0.16% increase of grain production, and one percent increase of the multiple crop-
ping index results in a 0.26% increase in grain production. The effect of irrigation
is not significant, probably because its effect is partially captured by the fertilizer
variable. Irrigation promotes the application of fertilizer because they work more
effectively with adequate moisture (Wang & Deng, 2007). Soil erosion negatively
affects production. Holding other variables constant, if a county has 1,000 more ha
of eroded land, grain production is reduced by 0.1%. The effect of elevation is pos-
itive on grain production. Although different from our expectation, its magnitude is
small.

Most variables in cropland equation also have the expected effects. Livestock
price, highway density, and grain procurement quota have significant positive effects
on cropland expansion, whereas cropland area decreases significantly with altitude
and technical change. That is, cropland area increases by 0.55% when the high-
way in a county increases by one percent, indicating that better road access leads
to more crop production and thus more demand for cropland. One percent increase
of per capita grain procurement quota leads to 0.06% increase in cropland, and
cropland area in a county decreases with rising elevation. The effect of livestock
price increase on cropland expansion is relatively large: one percent of livestock
price increase causes cropland to expand by 2.6%. This suggests that some crops
are planted for animal feeding stocks, such that a higher livestock price drives more
cropland use to expand livestock production. Animal husbandry is indeed regarded
as a major means of improving income and alleviating poverty in many mountainous
regions (Wang & Deng, 2007). One of the most interesting results for the cropland
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Table 6.2 Estimated Results of the Structural Model for Cropland Use

Grain
production Cropland use

Farming
technology Eroded area

Grain production 0.392
(0.002)∗∗∗

Cropland use 0.604
(0.062)∗∗∗

–0.198
(0.064)∗∗∗

0.380
(135.085)∗∗∗

Farming technology –0.035
(0.353)∗∗

Eroded area –0.099
(0.041)∗∗

Agri. labor 0.267
(0.052)∗∗∗

Fertilizer 0.158
(0.027)∗∗∗

Irrigation 0.039
(0.034)

Multiple cropping 0.255
(0.070)∗∗∗

Log price –0.073
(0.998)

Livestock price 2.588
(1.067)∗

Grain price –1.322
(0.605)

0.138
(0.078)∗

Population density 0.076
(0.699)

Grain procurement
quota

0.058
(1.847)∗

Highway rate 0.547
(0.156)∗∗∗

0.095
(0.047)∗∗

Farmers’ income 0.008
(0.004)∗

Cost index –0.119
(0.049)∗∗

Forest ownership 0.223
(0.196)∗∗∗

Industrial
development

0.013
(0.063)

0.049
(133.162)

Erosion control
project

–0.165
(228.745)∗∗

Forestation project –0.114
(230.160)

Timber harvests 0.156
(0.003)∗∗∗

Elevation 0.101
(0.028)∗∗∗

–1.000
(0.055)∗∗∗

0.002
(0.003)

–0.114
(0.097)

R2 0.98 0.80 0.17 0.49

Note:
1. Numbers in parentheses are standard error of the coefficient.
2. There were 98 observations used, because of some missing values for variables.
3. The level variables were log transformed before estimation.
“∗”, “∗∗” and “∗∗∗” represent 10, 5 and 1% significance level, respectively.
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equation is that technical change has a significant effect on reducing cropland expan-
sion. Controlling other factors, cropland area decreases by 0.04% with one percent
increase in the technical change index.

The effects of the explanatory variables on technical change conform to our
expectations to a large extent as well. Farmers’ income, grain price, and road length
all have significant positive effects on technical change, while higher input costs
and abundant cropland resource reduce their incentives to apply technologies inten-
sively. Despite its significance, the magnitude of the income coefficient is small.
Holding other factors constant, the rate of technical change is expected to increase
by 0.007 if farmers’ income increases by 100 yuan. One unit increase of grain price
induces a 0.14% increase of technical change, and one thousand kilometers of newly
constructed highway in a county result in a 0.09% increase in technical change. On
the other hand, one unit increase in agricultural input cost causes the rate of technical
change to drop by 0.12%. The adoption rate of land-intensive or land-saving tech-
nology is 0.198% lower if the cropland area in a county increases by 10,000 ha. This
result further validates our hypothesized interaction between technical change and
cropland use. Although most variables have significant effects on technical change,
the overall explanatory power of this equation is poor—only 17% of the variation
of technical change.

Eroded area is significantly related to human activities, and the implementation
of conservation projects effectively reduces it (Yin et al., 2005). On average, ero-
sion control projects reduce around 470 ha of eroded area in a county, controlling
the effects of other variables. Afforestation and reforestation also have the same
effect on erosion control, but it is insignificant, probably in part because forestation
projects were introduced much later than the engineering ones (Yin et al., 2005).
In addition, cropland expansion has significant effect on erosion deterioration. One
percent of cropland increase induces 386 more ha of eroded land. Meanwhile, timber
harvests also intensify soil erosion. One percent increase in timber harvest causes
eroded areas to increase by 0.16%, holding other variables constant.

6.4 Conclusions and Implications

This chapter has developed a structural model to capture the interactions and feed-
backs in the dynamic process of cropland change, based on the experience in the
upper Yangtze basin of China. We proposed and proved that cropland use inter-
acts with grain production and agricultural technology and that the environmental
consequence of the land use also imposes significant feedbacks. Our results demon-
strate the critical role of technical change in providing food on limited cropland.
Counties with greater technical change have less land allocated to grain production,
leading to more intensified use of existing cropland and the conversion of marginal
cropland to other uses. Thus, it can be inferred that when the increased produc-
tivity resulting from technical change can satisfy the food supply from a limited
land base, farmers will transfer labor and land resources to other activities to earn
more income. Controlling cropland expansion reduces the extent of soil erosion,
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which then benefits grain production. The study also highlights the importance of
institutions and policies in environmental protection and sustainable land use. For
instance, the food self-sufficiency policy causes cropland expansion, especially in
counties where cropland resources are very scarce. While timber harvests induce
more soil erosion, erosion control projects can effectively reduce the eroded area.

These and other results not only improve our understanding of the complex
human and natural connections in LUCC, but also carry significant policy impli-
cations for sustainable land use. First, technical change and technology innova-
tion should be encouraged and supported by governments at the national and local
levels. Higher input costs and lower crop prices compared to off-farm wages dis-
courage the adoption of technology by individual farmers. And our data show that
the rate of technical change was slowing down from 1975 to 2000—the conven-
tional technology is reaching its maximum potential, and the amount of fertiliz-
ers or irrigation cannot be applied limitlessly. Technical innovation and adoption
have thus become even more important to continued grain production. The policy
environment should be improved to promote extension services, enhance the dis-
tribution network of inputs, and strengthen investment in agricultural research and
development.

Further, as more and more efforts are devoted to increasing farmers’ income
from livestock-based activities, the challenge to balance cropland expansion for
feed stock production and natural resource protection becomes more acute. This
is because a higher livestock price induces more animal production, which leads
to greater demand for cropland to provide more feed stock (e.g., corn and beans).
Expanded cropland will cause more soil erosion and other environmental prob-
lems. Our work also justifies the environmental protection and ecological restoration
projects undertaken by the Chinese government. Meanwhile, the role of the market
should be respected when it can exert its function in efficient resource allocation.
For example, when farmers are subsidized to plant trees, it is not necessarily the
right move for the government to dictate the decisions of tree planting and harvest-
ing (Yin et al., 2005). Even if certain species and management practices may not be
the best from the perspective of environmental protection, government dictation can
lead to worse outcomes. Rather, the government ought to provide farmers with the
needed market information and technical know-how. Also, the government should
let farmers face the market prices and possess secure use and disposal rights for
their trees. Farmers can make rational long-run decisions about land use based on
the market signals and thus achieve more sustainable land use.

Timber harvest has a significant negative effect on soil erosion. The “logging
bans” policy effectively reduced the commercial timber production in the late 1990s.
However, timber production amounts to only a small percentage of the total forest
removals. Fuelwood consumed by rural households and logs used for local con-
struction take up a large share of the annual resource consumption (Xu et al., 2006).
Therefore, in addition to reducing commercial timber production, the use of elec-
tricity, biogas, and fuel-efficient stoves in the rural area can reduce the demand for
fuel wood. The government should invest more in such technologies and encourage
their adoption.
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It should be noted that while this study has generated some important results,
more needs to be done in future research. First, LUCC are regarded not only as
a driver of climate change, climate change can in turn impact LUCC (USGCRP,
2003) through hydrological and terrestrial biological systems. Thus, incorporating
the effects of climate change and other biophysical factors into the land-use change
model will allow us to reflect natural and human interactions more comprehensively.
Second, in view of real-world complications, this study has focused only on the mul-
tiple facets of agriculture and cropland use in the structural model. Such a systematic
method can be applied to other land uses. Moreover, the connections among these
models should be established. In doing so, we will gain a more complete picture of
the dynamics of all major land categories. Finally, the characteristics of LUCC may
be different at different scales (e.g., county vs. household scale). The broad scale
LUCC analysis will obscure the variation at the finer scale; on the other hand, the
land use changes at the fine scale will result in environmental and economic changes
that can only be fully appreciated at the broad scale. Also, the effects of policy or
institutional factors may vary at the different scales. Thus, it is worthwhile to con-
duct LUCC research at multiple scales and to examine the LUCC driving forces in
a spatially explicit way.
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Chapter 7
Quantifying Terrestrial Ecosystem Carbon
Dynamics in the Upper Yangtze
Basin from 1975 to 2000
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Abstract Quantifying the spatial and temporal dynamics of carbon stocks in terres-
trial ecosystems and carbon fluxes between the terrestrial biosphere and the atmo-
sphere is critical to our understanding of regional patterns of carbon storage and loss.
Here we use the General Ensemble Biogeochemical Modeling System to simulate
the terrestrial ecosystem carbon dynamics in the Jinsha watershed of China’s upper
Yangtze basin from 1975 to 2000, based on unique combinations of spatial and tem-
poral dynamics of major driving forces, such as climate, soil properties, nitrogen
deposition, and land use and land cover changes. Our analysis demonstrates that the
Jinsha watershed ecosystems acted as a carbon sink during the period of 1975–2000,
with an average rate of 0.36 Mg/ha/yr, primarily resulting from regional climate
variation and local land use and land cover change. Vegetation biomass accumula-
tion accounted for 90.6% of the sink, while soil organic carbon loss before 1992 led
to lower net gain of carbon in the watershed, and after that soils became a small sink.
Ecosystem carbon sink/source pattern showed a high degree of spatial heterogeneity.
Carbon sinks were associated with forest areas without disturbances, whereas car-
bon sources were primarily caused by stand-replacing disturbances. This highlights
the importance of land-use history in determining the regional carbon sink/source
pattern.
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7.1 Introduction

The terrestrial carbon budget results from complex interactions and feedbacks
among plant productivity, decomposition, climate, soil properties, and human
activities. These biogeochemical and biophysical processes occur across boundaries
of traditional disciplinary investigations and on multiple time scales (Bala et al.,
2007; Chapin et al., 2006). Therefore, to comprehensively understand the causes
and magnitudes of ecosystem carbon fluxes, and hence ecosystem’s carbon storage,
it is critical to study the systems in meaningfully large units and over sufficiently
large-time scales.

However, there have been two major challenges in estimating ecosystem carbon
dynamics over large spatiotemporal scales. First, quantifying the carbon exchanges
between the terrestrial biosphere and the atmosphere due to land use change is still
the largest uncertainty in the global and regional carbon budget (Canadell, 2002;
Achard, Eva, Mayaux, Stibig, & Belward, 2004; Ramankutty et al., 2007). Land
use and land cover change (LUCC), including land conversion from one type to
another and land cover modification through land-use management, altered a large
proportion of the earth’s land surface (Meyer & Turner, 1992; Vitousek, Mooney,
Lubchenco, & Melillo, 1997; Foley et al., 2005; Zhao et al., 2006), and disturbed
the biogeochemical interactions between the terrestrial biosphere and the atmo-
sphere (Schimel et al., 2001; Houghton & Goodale, 2004). From 1850 to 2000,
roughly 35% of global anthropogenic CO2emissions resulted directly from land
use changes (Houghton, 2003), whereas contemporary land use changes are con-
sidered to be the dominant driver for some regional terrestrial carbon sinks, con-
tributing to a large portion of current northern hemisphere terrestrial sinks (Fang,
Chen, Peng, Zhao, & Ci, 2001; Fang, Oikawa, Kato, Mo, & Wang, 2005; Choi, Lee,
& Chang, 2002; Kauppi et al., 2006). This highlights the importance of incorpo-
rating spatially explicit LUCC information into the estimation of regional carbon
budgets.

Secondly, it has been a primary challenge to scale up the carbon fluxes and stocks
measured or simulated at the site level to a regional level, mainly due to the hetero-
geneity of a range of environmental variables driving ecosystem processes (Jenkins,
Birdsey, & Pan, 2001; Tickle, Coops, & Hafner, 2001; Binford, Gholz, Starr, &
Martin, 2006; Gimona, Birnie, & Sibbald, 2006). Integrating ecosystem models with
geographic information systems (GIS) has provided the capability for extrapolating
local information to a wider region. However, many previous models for estimating
regional carbon fluxes are based on the direct application of site-scale methods over
grid cells larger than site plots (e.g., Potter et al., 1993; Pan et al., 1998; Tian et al.,
1998), and are thus unable to capture the influences of heterogeneous environmental
conditions at finer spatial scales. This can lead to significant biases both in scientific
research and policy decision making.

In this chapter, we quantify the terrestrial ecosystem carbon dynamics in the
Jinsha watershed of China’s upper Yangtze basin from 1975 to 2000, using the Gen-
eral Ensemble Biogeochemical Modeling System, which is capable of dynamically
assimilating LUCC information into the simulation process across large spatial
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extents, and of upscaling carbon stocks and fluxes from local to regional levels (Liu,
Kaire, Wood, Diallo, & Tieszen, 2004; Liu, Loveland, & Kurtz, 2004). GEMS is
driven by the spatial and temporal Joint Frequency Distribution of major driving
variables, such as climate, soil properties, nitrogen deposition, land cover changes,
and land use practices with a range of resolutions.

7.2 Methods

7.2.1 Site Description

The Jinsha watershed is situated at the upper reaches of the Yangtze River
(Fig. 7.1). It comprises 37 counties across Sichuan Province, Yunnan Province
and the Tibet Autonomous Region, with an area of 171,000 km2 (97

◦

40’–104
◦
48’E, 25

◦
18’–32

◦
48’N). Elevations within the watershed range between

500 and 6740 m. Its subtropical climate has an average annual rainfall of
800–1,000 mm and temperatures of 14–18C

◦
(Lu, 2005). The region features a

wide variety of ecosystems that have been recognized as a great biodiversity hotspot
(Conservation International, 2002). Accompanying the diverse ecosystems are the
extreme fluctuations in topography and landscapes, which make the regional envi-
ronment vulnerable. But it is the human land-use practices and the climate variation

Fig. 7.1 Location of the Jinsha Watershed, Along with an Altitudinal Map of China in Albers
Equal-Area Conic Projection
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that have altered the regional environment (Xiang, Yin, Xu, & Deng, 2008). There-
fore, it is important to understand how the regional LUCC and climate variation
have affected terrestrial ecosystem carbon dynamics.

7.2.2 Model Description

General Ensemble Biogeochemical Modeling System (GEMS) is a modeling system
that was developed to better integrate well-established ecosystem biogeochemical
models with various spatial databases for simulations of biogeochemical cycles over
large areas. GEMS consists of three major components: one (or multiple) encapsu-
lated ecosystem biogeochemical model, an automated model parameterization sys-
tem (AMPS), and an input/output processor (IOP) (see Fig. 3.2). The plot-scale
Erosion-Deposition-Carbon Model serves as the encapsulated ecosystem biogeo-
chemical model in GEMS (Liu, Bliss, Sundquist, & Huntington, 2003). The spatial
deployment of the site-scale model in GEMS is based on the spatial and tempo-
ral joint frequency distribution of major driving variables (e.g., land cover and land
use change, climate, soils, disturbances, and management). Land cover sequences in
GEMS are generated by filling the land cover gaps between consecutive land cover
maps using a Monte Carlo approach. For details on the model description, see Liu
(2008).

7.2.3 Environmental Variables

The LUCC data The LUCC data in the Jinsha watershed between 1975 and 2000
were obtained using cloud-free Landsat Multispectral Scanner (MSS) and Thematic
Mapper (TM) remote sensing images. The data covered 5 periods: 1975, 1985, 1990,
1995, and 2000. Land-cover data with a resolution of 100 ×100 m were divided into
six types: cropland, grassland, shrub, forest, disturbed or transitional (i.e., land in an
altered unvegetated state which is in transition from one cover type to another), and
others (e.g., urbanized area, body of water, snow, ice, and barren land).

Climate data Long-term monthly minimum temperature, monthly maximum
temperature, and mean monthly precipitation were obtained from a 1961 to 1999
climate database of China at 0.1

◦×0.1
◦

resolution, generated from 680 climatic sta-
tions across the country (Fang, Piao, Tang, Peng, & Wei, 2001).

Soil properties Soil data were taken from a national soil database with multiple
layer information at 10 ×10 km resolution developed by Shi and Yu (2002). The
soil properties that we use include soil texture (sand, silt, and clay fraction), bulk
density, organic matter content, wilting point, and field capacity by each layer. Soil
drainage classes, from excessively well drained to very poorly drained, came from
a GIS-derived integrated moisture index (Iverson, Dale, Scott, & Prasad, 1997),
which were generated by integrating hill shade, flow accumulation, curvature, and
water-holding capacity based on digital elevation model (DEM, with a resolution of
100 ×100 m) and soil texture data.
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Nitrogen deposition The information was downloaded from http://eos-webster.
sr.unh.edu/data_guides/china_dg.jsp, which was created by Changsheng Li and
Steve Frolking of the Complex Systems Research Center (Institute for the Study
of Earth, Oceans, and Space, Morse Hall, University of New Hampshire, Durham,
New Hampshire, USA). It covers both wet and dry sources at the county level.

Forest inventory Species composition and forest age and biomass distribution
data at the county level were obtained from the National Forest Resource Inven-
tory database for Sichuan, Yunnan, and Tibet. Initial data used for each county fall
within the 1970s and 1980s, which generally correspond to the start time of this
study. Timber volume was converted to biomass for each forest species based on the
biomass expansion factor method developed by Fang, Chen, et al. (2001).

7.3 Results and Discussion

7.3.1 Land Cover Changes

There was no single dominant land cover in the study area (Table 7.1). Forest (37%),
grassland (32%), shrub land (13%), and cropland (11%) were the four major land
cover types, covering about 94% of the region. From 1975 to 2000, little significant
change was observed on the composition of land cover types (Table 7.1). Disturbed
landscape, primarily caused by forest harvesting, decreased from 0.6% in 1975 to
0.2% in 2000, suggesting a reduction in forest clear-cutting activities during the
period.

However, the region-wide summary of land cover composition (Table 7.1) does
not reflect the changes that happened at finer spatial scales. It is very clear that
although there were not significant net changes in land covers at the regional scale
across the study period, various land covers did change at finer scales (Fig. 7.2). This
highlights the necessity of characterizing land cover changes using spatially explicit
information at the scale where land cover change activities happen (i.e., at the field
scale). The land cover transitions reveal detailed and rather dynamic land cover
changes between two neighboring periods (Fig. 7.2). The total areas that changed
between two consecutive periods varied between 11.6 to 10.2%, with a slight
decreasing trend. The cumulative land conversion line for the period of 1985–1990

Table 7.1 Land Cover Proportions (%) in the Jinsha Watershed During the Period of 1975–2000

Land cover category 1975 1985 1990 1995 2000

Cropland 11.1 11.1 10.9 10.9 10.9
Grassland 32.2 32.4 32.6 32.7 32.8
Shrub 13.5 13.3 13.2 13.3 13.4
Forest 37 37.4 37.6 37.7 37.8
Disturbed 0.6 0.3 0.2 0.2 0.2
Other land cover 5.7 5.5 5.5 5.3 5.0
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is below those for the other three periods, suggesting that land cover transitions
between 1985 and 1990 were more diverse and significant.

The major changes, which accounted for more than 70% of the total, were
between forest and grassland, forest and shrub, grassland and miscellaneous land
covers, grassland and shrub, and cropland and forest for all four consecutive periods
(Fig. 7.2). Even though the transitions from forest to grassland or from grassland
to forest were one of the major land cover changes, the net change from 1975 to
2000 was small. Net transition from forest to shrub was 1% of the total area from
1975 to 2000, indicating a net loss of forest to shrub due to logging. At the same
time, net transition from cropland to forest was 0.6% of the total area, resulting from
afforestation efforts in the region.

7.3.2 Comparison of Simulated and Observed Crop Yield

Figure 7.3 shows the comparison of temporal changes of GEMS simulated crop
yields and yields obtained from statistical yearbooks for one county in the Jinsha
watershed (Panzhihua) from 1986 to 2000 (ECPSY, 2002). It can be seen that model
simulations were in general agreement with statistical yearbook data.

7.3.3 Changes in Ecosystem Net Primary Production (NPP)

From 1975 to 2000, ecosystem NPP in the Jinsha watershed increased from 281.8
to 372.5 g C/m2/yr, with a growth rate of 32.2% (Fig. 7.4a). Inter-annual variabil-
ity in NPP corresponded closely with the variations in climate. Over the period of
1975 to 2000, both annual precipitation and mean annual temperature significantly
increased (Fig. 7.4b). NPP was anomalously low in 1978, 1992, and 1996, and high
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in 1998 (Fig. 7.4a), years that are strongly associated with changes in climate. Low
NPP in 1978, 1992, and 1996 was coupled with low precipitation and cooling tem-
perature, whereas the high NPP in 1998 was associated with anomalously high pre-
cipitation (Fig. 7.4b). The relationships between NPP and climate variables indicate
that ecosystem NPP is closely correlated with annual precipitation and mean annual
temperature, and the association with precipitation is stronger than that with tem-
perature (Fig. 7.4c, d). Climate-driven increases in ecosystem production have been
reported in many previous studies (e.g., Fang et al., 2003; Nemani et al., 2003; Cao,
Prince, Small, & Goetz, 2004).

7.3.4 Changes in Carbon Stocks

Ecosystem carbon stock density, including biomass carbon and soil organic car-
bon (SOC), increased from 112.7 Mg/ha in 1975 to 122.2 Mg/ha in 2000, with
a growth rate of 8%. Both biomass carbon (including live and dead vegetation
biomass) and SOC showed a similar enhanced trend but a difference in magnitude,
with a growth rate of 44 and 1%, respectively (Fig. 7.5a). It is well known that
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increases in plant productivity will lead to a greater storage of carbon in vegetation
biomass, especially in ecosystems dominated by woody vegetation (Rustad et al.,
2001). Figures 7.5b and 7.6c show the relative contributions of biomass carbon and
SOC to the accumulation of ecosystem carbon stock. The annual change of biomass
carbon (i.e., biomass carbon of current year minus that of previous year) varied from
13.2 to 55.5 g/m2/yr. The cumulative temporal changes of biomass carbon were all
positive, and increased over time, indicating that vegetation biomass consistently
gained C during the period of 1975 and 2000, and that the magnitude grew over
time. The cumulative increase of biomass carbon amounted to 857.3 g/m2 by 2000
(Fig. 7.5b). In contrast, the annual change of SOC was negative before 1981, and it
became positive thereafter. Consequently, the cumulative change of SOC decreased
from –21.4 g/m2 in 1976 to –62.1 g/m2 in 1980, then increased from –60.6 g/m2 in
1981 to 89.2 g/m2 in 2000, with the inflection time point of 1992 (shifting to posi-
tive) (Fig. 7.5c). This variation suggests that soils in the Jinsha watershed ecosystem
changed from a net carbon source to a net carbon sink during the period of 1975
and 2000.

The results also indicate that the increase in ecosystem carbon stock from 1975
to 2000 was primarily augmented by biomass carbon accumulation, and SOC loss
before 1992 led to a lower net gain of carbon in the watershed. The storage of
carbon in soils results from the balance between annual plant detritus input to the
soil and the decomposition of soil organic matter. It is commonly observed that
the decomposition process is more sensitive to environmental change than plant
production and its consequent debris input to the soil (Jenkinson, Adams, & Wild,
1991; Davidson & Janssens, 2006). Thus, the response of soil to environmental
change (e.g., climate or disturbance) often results in a net release of carbon to the
atmosphere by the terrestrial ecosystem or at least less net carbon sequestration from
the atmosphere by the terrestrial ecosystem.

7.3.5 Carbon Sink/Source Pattern Between 1975 and 2000

Although ecosystem NPP and carbon storage showed an overall increase from 1975
to 2000 in the Jinsha watershed, the carbon sink/source pattern had a high degree
of spatial heterogeneity. Carbon sink/source strength over the period of 1975 and
2000 was derived from the difference between the 3-year mean ecosystem car-
bon stock for 1975–1977 and that for 1998–2000, divided by 25, which was equal
to the net biome productivity (NBP) in Carbon-Cycle Concepts and Terminology
(Chapin et al., 2006).

Carbon sources were mostly concentrated in the northwestern portion, especially
within the two counties in Tibet (i.e., Jiangda and Mangkang), although they were
scattered across the study area. The south-central portion was primarily a carbon
sink, and the east was close to neutral except for some local “hot-spots” of carbon
sinks. Overall, 20.6% of the total area acted as a carbon source during the period,
33.1% was carbon neutral, and carbon sequestration occurred in 46.3% of the
study area. The magnitude of carbon sink mainly fell in the range of 0–2 Mg/ha/yr
(Fig. 7.6a).
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As discussed earlier, the increase in ecosystem carbon stock over time was pri-
marily driven by the accumulation of vegetation biomass carbon. Forest was the
absolute dominant component of vegetation biomass. Therefore, we overlaid the
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land cover maps of 1975 and 2000 to investigate the possible relationship between
forest change and ecosystem carbon sink/source pattern. Our results show that car-
bon sinks were generally associated with forest areas, and that local “hot-spots”
of carbon sinks and sources tend to correspond to afforested and deforested areas,
respectively. The non-forested areas were generally carbon neutral (Fig. 7.6b). How-
ever, carbon sources concentrated in the northwestern portion were also located in
the forest retention area. These seemingly conflicting trends may be explained by
further exploring what happened to the retained forests within the period. So, we
investigated the consecutive cover changes of the retained forests for the five time
periods (Fig. 7.6c). It is found that carbon sinks were associated with forest areas
with little disturbance (that is, consistently being a forest area throughout the five
periods, FFFFF), whereas C sources primarily resulted from clear-cutting and/or
shifting cultivation (that is, from forest to non-forest and then back to forest, or
FXXXF).

Although the northwestern portion of the study area was covered by forest both
in 1975 and 2000, dramatic disturbances occurred to the forested land within the
period. Stand-replacing forest harvesting altered forest age; thus the age of the
forest in 2000 was a bit younger than the one in 1975. Therefore, the capability
of carbon sequestration of the northwestern forest ecosystem in 2000 was lower
than that in 1975; the area acted as a carbon source. These results are in agreement
with previous studies documenting that young forests generally emitted carbon to
the atmosphere from the terrestrial biosphere due to higher ecosystem respiration
than production (Pregitzer & Euskirchen, 2004; Magnani et al., 2007). This find-
ing highlights the importance of land-use history in determining the regional carbon
sink/source pattern.

7.4 Summary

Climate and land use and land cover change play important roles in determining the
spatial and temporal dynamics of carbon stocks in terrestrial ecosystems and car-
bon fluxes between biosphere and atmosphere. Both annual precipitation and mean
annual temperature increased in the Jinsha watershed from 1975 to 2000. Although
there were not significant net changes in land covers at the regional level, various
land covers did change at the finer scales. The Jinsha watershed ecosystem acted as a
carbon sink during the period of 1975–2000, with an average rate of 0.36 Mg/ha/yr.
Temporal variability of carbon dynamics was primarily attributed to regional cli-
mate change, while the spatial heterogeneity of ecosystem carbon sink/source pat-
tern mainly resulted from local land use and land cover change. Carbon sinks were
associated with forest areas with little disturbance, whereas carbon sources were
caused by stand-replacing activities.

Our study has demonstrated the potential benefit of employing a systematic
modeling approach to quantifying ecosystem carbon dynamics, or other processes
and functions. To that end, a very promising venue is to integrate biophysical and
biogeochemical models with geographic information systems by incorporating the
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driving forces at various spatiotemporal scales. Our study also implies that the for-
est protection and afforestation practices in the Jinsha watershed were conducive to
terrestrial carbon storage, whereas the deforestation and land degradation activities
were detrimental.

Acknowledgments This study was funded by the U.S. National Science Foundation (project
#0507948). Logistical support from Sichuan Agricultural University is gratefully appreciated.

References

Achard, F., Eva, H. D., Mayaux, P., Stibig, H. J., & Belward, A. (2004). Improved estimates of net
carbon emissions from land cover change in the tropics for the 1990s. Global Biogeochemical
Cycles, 18, GB2008, doi:10.1029/2003GB002142

Bala, G., Caldeira, K., Wickett, M., Phillips, T. J., Lobell, D. B., Delire, C., et al. (2007). Com-
bined climate and carbon-cycle effects of large-scale deforestation. Proceedings of the National
Academy of Sciences of the United States of America, 104, 6550–6555

Binford, M. W., Gholz, H. L., Starr, G., & Martin, T. A. (2006). Regional carbon dynamics in
the Southeastern US Coastal plain: Balancing land cover type, timber harvesting, fire, and
environmental variation. Journal of Geophysical Research-Atmospheres, 111, D24S92, doi:
10.1029/2005JD006820

Canadell, J. G. (2002). Land use effects on terrestrial carbon sources and sinks. Science in China
Series C-Life Sciences, 45, 1–9

Cao, M. K., Prince, S. D., Small, J., & Goetz, S. J. (2004). Remotely sensed interannual variations
and trends in terrestrial net primary productivity 1981–2000. Ecosystems, 7, 233–242

Chapin, F. S., Woodwell, G. M., Randerson, J. T., Rastetter, E. B., Lovett, G. M., Baldocchi, D.
D., et al.(2006). Reconciling carbon-cycle concepts, terminology, and methods. Ecosystems, 9,
1041–1050

Choi, S. D., Lee, K., & Chang, Y. S. (2002). Large rate of uptake of atmospheric car-
bon dioxide by planted forest biomass in Korea. Global Biogeochemical Cycles, 16 1089,
doi:10.1029/2002GB001914

Conservation International. (2002). Biodiversity hotspots. Retrieved from http://www.biodiver
sityhotspots.org/xp/hotspots/China

Davidson, E. A., & Janssens, I. A. (2006). Temperature sensitivity of soil carbon decomposition
and feedbacks to climate change. Nature, 440, 165–173

Editorial Committee for Panzhihua Statistical Yearbook (ECPSY) (2002). Panzhihua’s statistical
yearbook from 1987 to 2001. Statistical Bureau of Panzhihua, Sichuan

Fang, J. Y., Chen, A. P., Peng, C. H., Zhao, S. Q., & Ci, L. (2001). Changes in forest biomass
carbon storage in China between 1949 and 1998. Science, 292, 2320–2322

Fang, J. Y., Piao, S. L., Tang, Z. Y., Peng, C. H., & Wei, J. (2001). Interannual variability in net
primary production and precipitation. Science, 293, 1723a

Fang, J. Y., Piao, S. L., Field, C. B., Pan, Y. D., Guo, Q. H., Zhou, L. M., Peng, C. H., Tao, S.
(2003). Increasing net primary production in China from 1982 to 1999. Frontiers in Ecology
and the Environment, 1, 293–297.

Fang, J. Y., Oikawa, T., Kato, T., Mo, W. H., & Wang, Z. H. (2005). Biomass carbon accumu-
lation by Japan’s forests from 1947 to 1995. Global Biogeochemical Cycles, 19, GB2004,
doi:10.1029/2004GB002253

Foley, J. A., Defries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., et al. (2005). Global
consequences of land use. Science, 309, 570–574

Gimona, A. Birnie, R. V., & Sibbald, A. R. (2006). Scaling up of a mechanistic dynamic model in
a GIS environment to model temperate grassland production at the regional scale. Grass and
Forage Science, 61, 315–331



7 Quantifying Terrestrial Ecosystem Carbon Dynamics 111

Houghton, R. A. (2003). Revised estimates of the annual net flux of carbon to the atmosphere from
changes in land use and land management 1850–2000. Tellus B, 55, 378–390

Houghton, R. A., & Goodale, C. L. (2004). Effects of land-use change on the carbon balance of
terrestrial ecosystems. In DeFries, R. S., Asner, G. P., & Houghton, R. A. (Eds.), Ecosystems
and land use change(pp. 85–98). Washington, DC: American Geophysical Union

Iverson, L. R., Dale, M. E., Scott, C. T., & Prasad, A. (1997). A GIS-derived integrated mois-
ture index to predict forest composition and productivity of Ohio forests (USA). Landscape
Ecology, 12, 331–348

Jenkins, J. C., Birdsey, R. A., & Pan, Y. (2001). Biomass and NPP estimation for the mid-Atlantic
region (USA) using plot-level forest inventory data. Ecological Applications, 11, 1174–1193

Jenkinson, D. S., Adams, D. E., & Wild, A. (1991). Model estimates of CO2 emissions from soil
in response to global warming. Nature, 351, 304–306

Kauppi, P. E., Ausubel, J. H., Fang, J. Y., Mather, A. S., Sedjo, R. A., & Waggoner, P. E. (2006)
Returning forests analyzed with the forest identity. Proceedings of the National Academy of
Sciences of the United States of America, 103, 17574–17579

Liu, S. G. (2008). Quantifying the spatial details of carbon sequestration potential and perfor-
mance. In B. McPherson & E. Sundquist (Eds.), Science and technology of carbon sequestra-
tion. Washington, DC: American Geophysical Union (in press)

Liu, S. G., Bliss, N., Sundquist, E., & Huntington, T. G. (2003). Modeling carbon dynamics in
vegetation and soil under the impact of soil erosion and deposition. Global Biogeochemical
Cycles, 17, 1074, doi:10.1029/2002GB002010

Liu, S. G., Kaire, M., Wood, E., Diallo, O., & Tieszen, L. L. (2004). Impacts of land use and
climate change on carbon dynamics in South-Central Senegal. Journal of Arid Environments,
59, 583–604

Liu, S. G., Loveland, T. R., & Kurtz, R. M. (2004). Contemporary carbon dynamics in terrestrial
ecosystems in the Southeastern plains of the United States. Environmental Management, 33,
S442–S456

Lu, X. X. (2005). Spatial variability and temporal change of water discharge and sediment flux in
the lower Jinsha tributary: Impact of environmental changes. River Research and Applications,
21, 229–243

Magnani, F., Mencuccini, M., Borghetti, M., Berbigier, P., Berninger, F., Delzon, S., et al. (2007).
The human footprint in the carbon cycle of temperate and boreal forests. Nature, 447, 848–850

Meyer, W. B., & Turner, B. L. (1992). Human-population growth and global land-use cover change.
Annual Review of Ecology and Systematics, 23, 39–61

Nemani, R. R., Keeling, C. D., Hashimoto, H., Jolly, W. M., Piper, S. C., Tucker, C. J., et al.
(2003). Climate-driven increases in global terrestrial net primary production from 1982 to 1999.
Science, 300, 1560–1563

Pan, Y. D., Melillo, J. M., Mcguire, A. D., Kicklighter, D. W., Pitelka, L. F., Hibbard, K., et al.
(1998). Modeled responses of terrestrial ecosystems to elevated atmospheric CO2: A compari-
son of simulations by the biogeochemistry models of the Vegetation/Ecosystem Modeling and
Analysis Project (VEMAP). Oecologia, 114, 389–404

Potter, C. S., Randerson, J. T., Field, C. B., Matson, P. A., Vitousek, P. M., Mooney, H. A., et al.
(1993). Terrestrial ecosystem production: A process model based on global satellite and surface
data. Global Biogeochemical Cycles, 7, 811–842

Pregitzer, K. S., & Euskirchen, E. S. (2004). Carbon cycling and storage in world forests: Biome
patterns related to forest age. Global Change Biology, 10, 2052–2077

Ramankutty, N., Gibbs, H. K., Achard, F., Defriess, R., Foley, J. A., & Houghton, R. A. (2007).
Challenges to estimating carbon emissions from tropical deforestation. Global Change Biology,
13, 51–66

Rustad, L. E., Campbell, J. L., Marion, G. M., Norby, R. J., Mitchell, M. J., Hartley, A. E.,
et al. (2001). A meta-analysis of the response of soil respiration, net nitrogen mineraliza-
tion, and aboveground plant growth to experimental ecosystem warming. Oecologia, 126,
543–562.



112 S. Zhao et al.

Schimel, D. S., House, J. I., Hibbard, K. A., Bousquet, P., Ciais, P., Peylin, P., et al. (2001). Recent
patterns and mechanisms of carbon exchange by terrestrial ecosystems. Nature, 414, 169–172

Shi, X. Z., & Yu, D. S. (2002). A framework for the 1:1,000,000 soil database of China. Proceed-
ings of the 17th World Congress of Soil Science, Bangkok

Tian, H. Q., Melillo, J. M., Kicklighter, D. W., Mcguire, A. D., Helfrich, J. V. K., Moore, B., et al.
(1998). Effect of interannual climate variability on carbon storage in Amazonian ecosystems.
Nature, 396, 664–667

Tickle, P. K., Coops, N. C., & Hafner, S. D. (2001). Assessing forest productivity at local scales
across a native eucalypt forest using a process model, 3 pg-spatial. Forest Ecology and Man-
agement, 152, 275–291

Vitousek, P. M., Mooney, H. A., Lubchenco, J., & Melillo, J. M. (1997). Human domination of
Earth’s ecosystems. Science, 277, 494–499

Xiang, Q., Yin, R. S., Xu, J. T., & Deng, X. Z. (2009). Modeling the driving forces of land use and
land cover changes along the upper Yangtze River of China. Environmental Management(under
review)

Zhao, S. Q., Peng, C. H., Jiang, H., Tian, D. L., Lei, X. D., & Zhou, X. L. (2006). Land use change
in Asia and the ecological consequences. Ecological Research, 21, 890–896



Chapter 8
Process-Based Soil Erosion Simulation
on a Regional Scale: The Effect of Ecological
Restoration in the Chinese Loess Plateau

Changbin Li, Jiaguo Qi, Zhaodong Feng, Runsheng Yin, Biyun Guo, and
Feng Zhang

Abstract Land degradation caused by serious soil erosion has made the Loess
Plateau one of the poorest regions in China. To improve the environmental con-
ditions, the government has taken a number of measures of ecological restoration,
including the Sloping Land Conversion Program (SLCP) since 1999. A natural ques-
tion is whether these measures have improved the regional environmental condi-
tions. The objective of this paper is to answer this question, focusing on the soil
erosion dynamics in the Zuli River basin. We adopt a soil erosion model to simu-
late the changes of runoff and soil erosion induced by implementing the ecological
restoration efforts, with the assistance of remote sensing and GIS technologies for
parameterization of the land surface attributes. Our results show that the improved
ground vegetative cover, especially in forestland and grassland, has reduced soil ero-
sion by 38.8% from 1998 to 2006. At the same time, however, the changed rainfall
pattern has resulted in a 13.1% increase in soil erosion. Thus the net reduction in
soil erosion was 25.7%. This suggests that China’s various ecological restoration
efforts have been effective in reducing soil loss on a regional scale.

Keywords Ecological restoration · Soil erosion · Land use and land cover
change · Precipitation pattern · Regional hydrological simulation

8.1 Introduction

China’s demographic and economic growths have put great pressures on its envi-
ronment and natural resources (Liu & Diamond, 2008). To reduce these pressures,
the government has been undertaking a number of measures, including the huge
Sloping Land Conversion Program (SLCP), also called Grain for Green Program
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(Feng, Yang, Zhang, Zhang, & Li, 2005). The primary goal of the SLCP is to con-
vert degraded and desertified farmland into forestland and grassland. Thus, a logical
question is whether this program has improved the regional environmental condi-
tions since its initiation in 1999. The objective of this paper is to address this ques-
tion by examining the erosion dynamics before and after the SLCP implementation
in the Zuli River basin (ZRB) of the Loess Plateau region of China.

Located in the middle reach of the Yellow River, the Loess Plateau region is
notoriously known for its severe soil erosion. Over 60% of the land in the region
suffers from various degrees of erosion as a consequence of unsustainable land use
and vegetation degradation, as well as the intrinsic property of the deep, loose yel-
low soils found there. The regional erosion rate even reached 30,000 t km–2yr–1

(Hessel, Jetten, Liu, Zhang, & Scolte, 2003; Li, Poesen, Yang, Fu, & Zhang, 2003;
McVicar, Li, et al., 2007). This problem, along with other adverse factors such as
water deficit and remote location, has in turn resulted in widespread rural poverty
and made the regional sustainable development an elusive possibility (Shi & Shao,
2000). As such, the Loess Plateau region received the highest priority in imple-
menting the SLCP, in an attempt to mitigate the worsening soil erosion problems by
re-vegetation and afforestation of slope croplands. The effectiveness of the SLCP in
this region has yet to be evaluated and the assessed outcome of erosion change can
serve as a surrogate for the successfulness of the ecological restoration efforts over
a ten-year period of implementation.

In this study, we adopt a distributed soil erosion model to simulate the changes
of runoff and soil erosion across the Zuli River basin, induced by implementing the
SLCP. We will do so with the assistance of the remote sensing (RS) technologies and
the Geographic Information System (GIS) for parameterization of the land surface
attributes. Our results show that the improved ground cover, especially forestland
and grassland, has resulted in an erosion reduction of 38.8%, compared to the mean
level of the 1990 s. On the other hand, the changed rainfall pattern has caused soil
erosion to increase by 13.1%. In combination, we find a net decrease of soil ero-
sion in the ZRB by 25.7% in a decade. This evidence suggests that the ecological
restoration efforts have effectively mitigated the soil loss.

The chapter is organized as follows: We describe the study site in the next section
and present our method and material in Section 8.3, then we report our simulation
results in Section 8.4, and we make some closing remarks in the final section.

8.2 Study Site

With an area of 10,653 km2, the ZRB is located in the upper reach of the Yellow
River between 104◦12′–105◦33′E and 35◦18′–36◦34′N (Fig. 8.1). It features a hilly
loess landscape and a semi-arid climate, with cold and dry winter months and warm
and relatively wet summer months, as characterized by McVicar, Li, et al. (2007). Its
elevation varies from 1,400 m in the north to over 2,800 m in the south. Accordingly,
the mean annual precipitation ranges from over 500 mm in the south to less than
250 mm in the north, and the mean annual temperature varies from 3.6 to 8.8◦C.
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Fig. 8.1 Location of the Zuli River Basin (ZRB) in China. There have been over 100 sites of
ecological restoration (the light grey triangles) across the ZRB, with almost half of them in the
sub-basin of the River’s main drainage area and others in the biggest tributary, the Guanchuan
River. Triangles with a black dot in them are the 4 hydrologic stations where runoff and sediment
are observed
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The Zuli River itself is 219 km long and originates in the Huajia Mountain. Its
longest tributary is the Guanchuan River in the west part of the basin. Driven by the
regional land use and land cover changes (LULCC) and altered precipitation, among
other things, the Zuli River’s annual discharge has decreased from an average of
1.06 × 108 m3 from 1970 to 1999 to less than 0.7 × 108 m3 after 2000 (Li, 2006).

The intensive rainfall and the hilly terrain cause large amounts of overland flow
during flood season, which is the primary natural driver for the high rate of soil
erosion in the Loess Plateau region (Xu, 2005). In the ZRB, however, excessive
removal of vegetation and cultivation-induced deterioration of the surface soil prop-
erties have exacerbated the problem. The ZRB once had the highest annual erosion
yield among the six primary tributaries of over 10,000 km2 in the upper reaches of
the Yellow River, despite the fact that it is the smallest one among them (Li, 2006;
Zhang, 2006).

It is difficult to identify any major tree species in the ZRB’s hilly area due to
the historical land clearance. The remaining vegetation is a mixture of native and
introduced grass and shrub species, with a few trees planted around arable lands
or along roads. To prevent the sediments from reaching the Yellow River, both re-
vegetation (e.g., planting perennial grasses) and engineering methods (e.g., terracing
and damming) are called for, which, of course, result in changes in land use and
land cover. Changes in land use and land cover, in turn, affect the hydrological
dynamics.

8.3 Method and Material

Many approaches have been used for water discharge and soil erosion simula-
tion (e.g., Govindaraju, Reddi, & Kasavaraju, 1995; Felix-Henningsen, Morgan,
Mushala, Richson, & Scholten, 1997; Morgan, 2001; Li et al., 2003; Rose et al.,
2004; Vigiak, Sterk, Romanowicz, & Beven, 2006; Li, Feng, Ma, & Wei, 2008).
Technological advances in earth observations and GIS have made it possible to
extract useful information from satellite images and digital elevation models (DEM)
for improved parameterization. For example, the Soil Erosion Model for Mediter-
ranean regions is based on the method originally formulated by Morgan, Morgan,
and Finney, or the MMF method for short (De Jong et al., 1999), which incorporates
the spatial and temporal variations of such environmental factors as rainfall, soil
capacity of moisture storage, regional topography, and cropping practices derived
from remotely sensed imagery. In this study, the MMF method is adopted for an
up-scaling application of the regional water-soil loss prediction with the advantages
of its process-based conceptual erosion framework and its feature of scale matching
from the site-based calibration method (see Appendix 1 for detail).

The data used include: (1) series of Landsat images (17 Jun., 1975; 27 Sept.,
1978, 26 Aug., 1993, 21 Jun., 1998, 29 Jun., 2001, and 10 May, 2003), and MODIS
EVI (Enhanced Vegetation Index) for 2006; (2) a DEM derived from a digital relief
map at 1: 50,000 scale with the cell size of 100 m; (3) soil maps of China at
1:1,000,000 scale; (4) land use map in 1996 for calibration of the classification for
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1998; (5) yearly hydro-meteorological data from 26 weather stations; and (6) runoff
and sediment data series from four hydrologic stations. The weather and hydrolog-
ical stations are shown in Fig. 8.1. All data, including the land cover information
derived from the Landsat MSS, TM, ETM+ images, and MODIS product, were re-
sampled to 100 m cell size, the same as the DEM data.

Table 8.1 lists the relevant parameters of the hydrologic properties for differ-
ent soil types in the ZRB. Variables, such as annual rainfall and effective rainfall
(Fig. 8.2a), were calculated from observations of the weather stations. Slope steep-
ness (Fig. 8.2b), a variable that has spatial but not temporal variation, was com-
puted from the 1:50,000 DEM. Plant/crop cover factor (Fig. 8.2c) was estimated
based on Equation (8.11) in Appendix 1, and the normalized difference vegetation
index (NDVI) was derived from satellite images (see Appendix 2). The percentage
of ground cover (Fig. 8.2d) was empirically estimated based on the image classifica-
tion. The effective hydrologic depth (Figs. 8.2e, f), a key factor controlling the land
surface flow generation, was estimated on the basis of the semi-arid hydrological
and soil properties in the Loess Plateau region.

The rainfall data from 1970 to 1989 were used for model calibration, and
those for the next 10 years were used for model validation. The deterministic
coefficient, also known as the coefficient of efficiency, was used for the model

Table 8.1 Soil parameter values

Definition Texture K (g/J) MS (w/w) BD (mg/cm3) COH (kPa)

Light sierozem Sandy loam 0.7 0.21 1.2 2.00
Sierozem Loamy sand 0.3 0.19 1.18 2.00
Salinized

sierozem
Sandy loam 0.7 0.21 1.2 2.00

Cultivated
black hemp
soil in plain
field

Sandy clay
loam

0.1 0.29 1.28 3.00

Cultivated light
black loessial
soil in plain
field

Sandy clay
loam

0.1 0.29 1.3 3.00

Loessial soil in
slope land

Silty loam 0.9 0.27 1.19 3.00

Cultivated light
sierozem in
sand farmland

Sandy clay
loam

0.1 0.29 1.34 3.00

Loessial soil Silt 1.0 0.25 1.17 2.50
Cultivated and

irrigated light
sierozem in
plain field

Sandy clay
loam

0.1 0.29 1.31 3.00

K, MS, BD and COH were defined and parameterized according to Morgan (2001), with empirical
modifications based on field surveys and experiments.
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Fig. 8.2 Spatial Distributions of Some Important Variables and Parameters. (a) Multi-Year Aver-
age Precipitation-Based Effective Rainfall in the ZRB. (b) Slope Steepness Across the ZRB. (c)
The C Factor Derived from NDVI – the Higher the Latter, the Lower the Former. (d) Ground Cover
Defined by Coupling Field Surveys with Image Classification. High Ground Cover Values Often
Correspond to Low C Factors Spatially and Less Soil Loss. (e) Effective Hydrological Depth of
Soil Varies Spatially, Depending on Land Cover. It Resulted in More Acceptable Calibration Out-
puts. (f) Local Amplification Map of Parameter EHD. Urban Area with the Solid Surface Has
Higher Overland Runoff Ratio, So EHD There Is Near Zero (Black Region); Valleys with Much
Plain Farmland Had a Deeper Range of EHD Because of the Greater Infiltration, Leading to a
Lower Overland Flow Generation (Light Grey Region). Solid Diamonds Represent the Weather
Stations with Their Names and Serial Numbers in Fig. 8.2a, b, Respectively

accuracy assessment. The deterministic coefficient has been widely used to evaluate
the performance of hydrologic models (Nash & Sutcliffe, 1970; Bekele & Nicklow,
2007). That is,

ce = 1 −

n∑

j=1
(Oj − Sj)2

n∑

j=1
(Oj − O)2

(8.1)

where ce is the coefficient of efficiency, Oj and Sj are observed and simulated basin
response (e.g., discharge and sediment concentration), O is the mean of observed
basin response, n is the length of the data series. Based on the spatial distribu-
tion of the calculated annual discharge and sediment concentration, the average
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Table 8.2 Accuracy assessment of simulations based on the MMF method

Deterministic coefficient
Hydrologic
stations

Catchments
area (km2) Discharge Sediment

Jingyuan 10,653 0.8540 0.7443
Guocheng 5,462 0.7387 0.6387
Huining 1,007 0.5275 0.5860
Chankou 1,645 0.7423 0.7012

Average – 0.7156 0.6675

deterministic coefficient of our simulations is 0.72 for runoff and 0.67 for sediment
(Table 8.2). These figures indicate a fairly high accuracy of our regional hydrologic
and erosion simulations.

8.4 Simulation Results

Simulations were made in correspondence to the land use types under scenarios of
the variable and constant annual rainfalls to allow us to distinguish the impacts of
precipitation from those of land use change on the hydrologic and soil processes.
The ground cover fraction was derived from the basis of classified land use types in
different periods of time. It was found that, relative to the average rate of the 1990s,
the basin discharge reduced by 3.6–35.3% during the period of 1999–2006, even
though the annual precipitation fluctuated from –15.7 to 17.5%.

8.4.1 Land Use and Land Cover Changes

The land use classification from remotely sensed imagery was deemed to be
fairly good, given the overall accuracy rate of 77.92% and the Kappa statis-
tic of 0.6901 (Table 8.3). Overall, cropland, grassland, and unused land are the
three dominant categories of land use and they account for over 90% of the
land area altogether. In contrast, the proportions of forestland and other land
(bodies of water and built-up land) are small; also, their changes show irregu-
lar patterns. These irregularities resulted from errors caused by the image spa-
tial resolutions and the selection of training sites for classification. In particu-
lar, when MSS and MODIS images were processed, the small proportions of
water and built-up areas could not be clearly identified due to their coarse spatial
resolution.

The cropland area was 43.5 × 104 ha (occupying 40.7% of the basin area) in
1970, and increased to 50.1 × 104 ha (46.9%) by the early 1990 s. During the same
time period, grassland increased from 23.3 × 104 ha (21.8%) to 25.8 × 104 ha
(24.2%). From 1998, however, cropland began to decline while grassland continued
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Table 8.3 Accuracy of image classification

Year Data Cell size (m)

Overall
classification
accuracy (%)

Overall
Kappa
statistics

1970 MSS 57 87.88 0.8261
1993 TM 28.5 75.00 0.6439
1998 TM 28.5 85.29 0.8117
2001 ETM+ 28.5 78.05 0.7064
2003 ETM+ 28.5 77.42 0.6506
2006 MODIS 250 63.89 0.5021

Average 77.92 0.6901

increasing. During the period of 1998–2006, the proportion of cropland decreased
from 48.6 to 37.2%, whereas grassland increased from 22.9 to 26.6%. Another
associated trend was the tremendous decrease of unused land from 35.8% in 1970
to 17.3% in 2001; thereafter, however, it increased to 28.6% by 2006. Throughout
the 1970 s, 1980 s, and 1990 s, forestland kept expanding slowly, and its coverage
has recently reached 8% of the ZRB (Fig. 8.3). In sum, the area of grassland and
forestland increased from 27.4% (4.5% + 22.9%) in 1998 to 34.1% (7.5% + 26.6%)
in 2006.

Undoubtedly, the positive land-use trends since the late 1990 s have had much
to do with implementing the Grain for Green Program. In this context, the large
gain of unused land can be understood as an increase in abandoned cropland,
on which efforts had been made to plant trees or to establish grass cover. Nev-
ertheless, the trees and grass cover were still not detectable in the remotely
sensed imageries due to their slow growth, caused by the limited water availability
(McVicar, Li, et al., 2007).
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8.4.2 Soil Erosion Change with Land Uses

To examine the influence of a single type of land use on soil erosion, simulations
were run with annual rainfall data for each land use type found in the region, to
obtain the runoff and sediment for each land cover type. Further, treating the value
from cropland simulation as a reference, ratios of runoff and sediment of other
land use types were calculated. For unused land, the runoff ratio was 5.33, while
the sediment ratio was 7.60. For grassland and forestland, however, the ratios were
quite low, being only 0.68 and 0.15 for grassland and 0.59 and 0.11 for forestland
(Table 8.4).

Table 8.4 Average water-sand status under different land uses

Items Land use Value Ratio

Runoff rate
(m3/ha/a)

Farmland 28.75 1.00
Unused land 153.29∗ 5.33
Grassland 19.67 0.68
Forest land 4.35 0.15

Sediment
rate
(t/ha/a)

Farmland 12.99 1.00
Unused land 98.72∗ 7.60
Grassland 7.64 0.59
Forest land 1.39 0.11

∗The high runoff and erosion rate of unused land are mainly because of
the extremely sparse land cover and the loose property of loess.

There were two major causes of the relative high runoff and erosion rates of
unused land. First, as noted earlier, the vegetation cover of unused land is low (typi-
cally less than 10%), as detected on satellite imagery. Therefore, it is not surprising
to see high runoff and erosion, for vegetative cover is one of the most important fac-
tors in soil loss calculations. On the other hand, water absorption in fields of annual
staple crops played a major role in reducing soil erosion. And rainfall on other lands
cultivated for cash crops, most of which tend to be in flatter and less compacted
areas, may completely infiltrate to deeper soils if the precipitation intensity is low.
Field evidence showed that there is little overland flow or erosion when the rain-
fall intensity was below 8.0 mm/h (Soil Conservation Service of Gansu Provincial
Water Resources Bureau, 1989). These differences suggest that changing land uses
in the ZRB, as shown in Table 8.3, can potentially reduce soil erosion. That is, either
change in land use or improvement in vegetative cover in the ZRB, which is a pri-
mary goal of the ecological restoration projects, may lead to significant reduction of
soil erosion.

8.4.3 Spatial Characteristics of Soil Erosion

The large spatial variations of precipitation and heterogeneous landscape resulted
in sharp differences in soil erosion across the ZRB. Vegetative covers in the upper
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Fig. 8.4 Spatial Characteristics of Land Uses and Simulated Overland Flow and Soil Erosion.
Area a, b, and c Are Selected Regions for Spatial Comparisons of Soil Erosion from the Upper to
the Lower Reaches. Over Land Flow and Annual Erosion Rate, the Most Important Outputs from
the MMF Model, are Computed from Equations (8.4) and (8.12) for 2001 and Arranged in the
Row Order of a, b, and c in Fig. 8.5. Land Use Type is the Significant Factor in Both Temporal and
Spatial Variation of Soil Erosion

reach of the basin were higher than those in the middle and lower reaches, leading
to less soil erosion.

Figure 8.4 depicts the distribution of the simulated overland flow (OLF, in mm),
the corresponding land use types (LU), and the computed annual erosion rate (AER,
in kg/ha) for 2001. Better vegetation conditions in the upper reaches, with more
forest and less unused land, correspond to lower runoff rate and thus smaller erosion
yield. The fraction of forest and grass cover (LU-a) is obviously higher than that of
unused land with sparse vegetation in an intensely eroded region in the eastern ZRB
(LU-b), or that of the cropland-dominated landscape near a river channel in the
middle-lower reaches (LU-c).

In comparison, there is much more effective rainfall in the south and less in
the drier north and east (Fig. 8.2a). However, because the overland flows (OLF-a,
OLF-b and OLF-C) and the annual erosion rates are inversely related to the
land cover conditions (LU-a, LU-b, LU-c), more intense soil erosion is found in
the unused land, cropland, and sparse grassland-dominated region (AER-b) than
in the forest, dense grassland, and cropland-dominated region (AER-a). In the
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cropland-dominated areas near a river channel, the erosion yield is low (the red
areas in AER-c) since much of the rainfall is intercepted by the vegetation and the
land is relatively flat.

Based on the geo-morphological routing algorithm in the GIS framework, the
cumulative flow in river channels (with a threshold area of 10 km2) can be com-
puted as well. Higher cumulative channel flow leads to higher flow detachment and
channel transport rates, causing a much greater annual erosion rate in the channels.
Thus, erosion from the channel area constitutes a large fraction of the total sediment
of the ZRB (blue bands in AER-a, b and c).

8.4.4 Impacts of Land Use Change on Soil Erosion

To assess the LULCC impact at the regional scale, temporally distributed effec-
tive rainfall was used as input in simulating water-soil dynamics. Figure 8.5shows
how the rainfall trend (light blue bars) affected soil erosion (pink line with trian-
gle spots) and how both rainfall trend and land use changes (green line with round
spots) affected soil erosion. The two colored straight lines are trends of the rainfall
effect and the combined effect of rainfall and land use change since 1998, when the
Grain for Green Program began. Against the hypothetical scenario of unchanged
land use and constant rainfall (black line in Fig. 8.5), the rainfall trend exacerbated
the erosion process by 13.1%, while the combined land use and rainfall changes
mitigated the erosion by 25.7%. The total impact of vegetation restoration on ero-
sion reduction – the difference between the above two values – is approximately
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Fig. 8.6 Main Forms of Converting Corpland into Forest and Grassland Cover in the ZRB

38.8%. Put differently, the ecological restoration projects, including the Grain for
Green Program, have helped mitigate soil erosion by 38.8% over the past 10 years
(Fig. 8.6).

8.5 Conclusions and Discussion

In this study, a distributed soil erosion model was calibrated for a regional ero-
sion assessment within the Zuli River Basin of the Loess Plateau in China. The
model was run with different land uses and precipitation patterns, in an effort to
quantify the potential impact of the regional ecological restoration efforts, includ-
ing the Grain for Green Program. Our results indicate that in the semi-arid ZRB,
sediment is driven primarily by the anti-erodibility of the soils and the rainfall pat-
terns. Corresponding to the implementation of the SLCP, there have been major land
cover changes across the ZRB during the period 1999–2006, as reflected mainly
in the increase of forestland and grassland from 27.4 to 34.2% and the decrease
of cropland from 48.6 to 37.2%. Meanwhile, compared to the mean level of the
1990 s, the annual rainfall varied from –15.7 to 17.5%. In combination, these cumu-
lative LULCC and rainfall changes resulted in a reduction of overland flow from
3.6 to 35.3%. While the fluctuating rainfall pattern caused an increase in erosion
by 13.1%, the land use changes led to an erosion reduction of 38.8%. The overall
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erosion reduction was thus estimated to be 25.7%. Now, it can be stated that the
regional ecological restoration efforts have effectively mitigated the soil loss and
thus contributed to the improvement of ecological conditions.

As interesting and informative as our results may be, caution should be taken in
interpreting them. Given the large spatial scale and the process-based approach of
our study on the one hand and the difficulty of gathering all of the required data and
parameters on the other, what we have reported in this paper remains preliminary.
In the future, we plan to devote further efforts to refining our modeling approach
while deriving more accurate and longer data series and more representative param-
eters. Of course, this implies that a long-term monitoring project must be conducted
(McVicar, Li, et al., 2007). To that end, we call for active participation and collabo-
ration by the relevant government agencies and academic institutions in the region.

It is also worth noting that other restoration efforts prior to the SLCP should
have helped improve the environmental conditions as well, even though substantial
changes in regional land use and land cover began in the late 1990 s after the SLCP
was initiated. As such, it would be inappropriate to attribute the reduced erosion
solely to implementing the SLCP. Moreover, our findings highlight the fact that
what is central to mitigating erosion is improved ground cover, rather than land
retirement itself. To improve ground cover, satisfactory survival and stocking rates
are crucial. In this regard, opportunities abound for enhancing the implementation
of the SLCP. During our site visits, we found that cropland plots located in the
relatively remote and inaccessible hilly areas or on the steep slopes were mostly
converted to shrub or grass coverage (Li, 2006). As a result, the original loose top
layer of the loess surface had already changed into a more stable status with an
enhanced erosion-resistant capability. On the other hand, the planted trees and grass
had very low survival and growth rates due to water deficit in quite a few of the so-
called demonstration sites near urban centers and main access roads, leading to the
scattered presence of “little old-man trees” (McVicar, Li, et al., 2007). In addition,
where the land conversion was carried out in conjunction with the formation of such
water-collecting and runoff-preventing structures as contour ditches and half-circle
pits, the overland drainage and soil erosion were well contained. Similarly, where
the established vegetation cover could be irrigated with stored rainwater, the ground
hydrological and erosive processes would be modified favorably.

In short, the regional authorities and local communities have a lot to gain from a
prompt and continuous assessment of the successes and failures in their past restora-
tion efforts and from incorporating appropriate biological and engineering measures
into their actions. It seems that one of the key tasks at this time is to swiftly and sig-
nificantly improve the vegetation cover on those plots of unused land. Also, the
program managers and researchers should be aware of the delicate water balance
in the region. Ecological restoration, while controlling soil erosion in the upper and
middle streams of the Yellow River, may substantially reduce water flows down-
stream in the northern plains, which can have detrimental consequences (McVicar,
Van Niel, et al., 2007). Therefore, any effort assessing the effectiveness and impact
of a restoration program must be done at different scales so as to systematically
understand all of the positive and negative changes that are induced by the program.
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Appendix 1: The MMF Method

The MMF method for predicting annual soil erosion begins by dividing the study
area into a number of Hydrological Response Units (HRUs) according to the land
cover, soil type, and slope. In an HRU, the hydrological factors that influence
the soil erosion process are homogeneous, with mean values of its variables as
inputs. The simulation is carried out at a cell size of 100 m, which suits the res-
olution requirement for process-based environmental modeling at the regional scale
(Li et al., 2008).

The erosion process is divided into soil particle detachment by raindrop impact
and solid mass transport by runoff (Morgan, Morgan, & Finney, 1984; De Jong
et al., 1999, Morgan, 2001). The annual erosion rate (AER, kg/m2) is determined
by the lesser of annual detachment rate (ADR, kg/m2) and annual transport capacity
(ATC, kg/m2).

After modification (Morgan, 2001), the MMF procedure for calculating soil par-
ticle detachment by raindrop energy explicitly takes into account plant canopy
height and leaf drainage. Tested with new field data, it performed well, as indi-
cated by the high values of the coefficient of efficiency (CE) from a reduced
regression between the observed and predicted values. Extensive applications also
indicated that it can yield reasonable predictions under a wide range of condi-
tions – from temperate climates to the Mediterranean climate and tropical mon-
soon climate regions Morgan (1985). The MMF method comprises a water phase
and a sediment phase (Morgan et al., 1984). Soil particle detachment by raindrop
impact occurs during the water phase, whereas erosion occurs during the sediment
phase.

Water Phase Modeling

Energy of raindrop impacting soil detachment comes from two sources. One is the
effective rainfall (ER, mm) that reaches the ground during the precipitation, falling
between 0 and 1 after allowing for rainfall interception. The other is the water quan-
tity intercepted by plant canopy and reaching the ground as leaf drainage (LD, mm).
Because the ZRB features a semi-arid climate, the canopy interception can be con-
sidered as exhausted by post-rainfall transpiration; as such, the energetic impact
from LD will not be included when predicting the regional erosion.

Then, the kinetic energy (KE, J/m2) of the direct raindrop can be determined by
a typical value for intensity of erosive rain (I, mm h–1):
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KE = ER(9.81 + 10.60 log I) (8.2)

There are several formulas calibrated worldwide for the relationship between KE
and I. Formula (8.2) was developed by Onaga et al. for Okinawa, Japan, and it can
be used across Eastern Asia (Onaga, Shirai, & Yoshimaga, 1998; Morgan, 2001).

Then, soil particle detachment by raindrop impact (DR, kg/m2) can be simplified
as:

DR = K × KE × 10−3 (8.3)

where K is the erodibility of the soil (g/J) (Morgan, 2001). Parameters for K exist in
correspondence to a wide range of soil textures (Table 8.1).

As a prerequisite, overland flow is crucial for computing the soil particle detach-
ment by runoff. The procedure for estimating annual runoff (Q, mm) is based on the
approach proposed by Kirkby (1976), which is based on the excessive generation
theory when the daily rainfall exceeds the soil moisture storage capacity (Rc, mm).
The annual runoff is obtained from:

Q = RG × exp ( −Rc/R0) (8.4)

where RG (mm) is the ground-reaching portion of the rainfall; R0 is the mean rainfall
per rainy day (mm/d), i.e., RG/n, where n is the number of the rainy days in a specific
year.

Quantifying the plant interception is important for calculating RG. The propor-
tion of canopy interception to annual total rainfall in the ZRB is calibrated based
on monthly observations, with a value of 3.201% (Li, 2006). This value is used for
calculating the annual RG:

RG = R × (1 − 0.03201) (8.5)

Then, the soil capacity of moisture storage is estimated as:

Rc = 1000MS × BD × EHD × (Et/E0) (8.6)

where MS is the soil moisture content at field capacity (%, w/w); BD is the soil bulk
density (mg/cm3); EHD (m) is the effective hydrological depth of the soil. Et/E0 is
the ratio of actual to potential evapotranspiration. While parameter values for MS,
BD, and EHD can be found in Morgan (2001), they have been modified according
to the local specificity and field experiments in this study.

Sediment Phase Modeling

The soil particle detachment by overland flow (runoff) (DO, kg/m2) can then be
determined by considering it as a function of runoff (Q), slope steepness (S, degree)
and the soil resistance to erosion (Z):
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DO = Z × Q1.5 × sin S × (1 − GC) × 10−3 (8.7)

where GC is the percentage of ground cover. Equation (8.7) assumes that soil par-
ticle detachment by overland flow occurs only where the soil is not protected by
ground cover. Z is a key parameter for determining the ground cover status. For
loose, non-cohesive soils, Z = 1. Morgan (2001) emphasized soil cohesion (COH,
kPa) as a primary component of its resistance to erosion:

Z = 1/(0.5COH) (8.8)

As listed in Table 8.1, values of COH can be obtained by matching soil types
to those used in the European Soil Erosion Model (Morgan, Quinton, & Rickson,
1993).

The annual detachment rate (ADR) is the sum of the soil particles detachment
caused by raindrop (DR, kg/m2) and overland flow (DO, kg/m2):

ADR = DR + DO (8.9)

The formula for estimating the annual transport capacity of the runoff (ATC) is:

ATC = C × Q2 × sin S × 10−3 (8.10)

where C (0–1) is a plant or crop cover factor that can be adjusted to account for
different tillage practices and levels of crop residue retention, and it can be derived
from satellite imagery (De Jong, 1994; Knijff, Jones, & Montanarella, 1999):

C = 0.431 − 0.805 × NDVI (8.11)

Finally, the smaller value of ADR and ATC is assigned as the annual erosion rate
(AER):

AER = Min(ADR, ATC) (8.12)

Appendix 2: Imagery Processing for Estimating
Land-Cover Changes

Remote sensing imagery can be used for detecting land surface features, such as
cover status and vegetation impoverishment – key variables for environmental mod-
eling McVicar & Jupp (1998). In applying the MMF method in this study, the per-
centage of ground cover (GC) and plant/crop cover factor (C) are derived from
interpreting satellite images, based on the supervised classification technique and
the vegetation index NDVI.
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Supervised Classification for the LULCC

Supervised classification is done by training the computer system to recognize the
land use patterns based on the signature catalogs. Images are first classified into
more than 10 subclasses that are then merged into five main classes – forestland,
grassland, cropland, unused land, and other land (built-up land and bodies of water,
see Fig. 8.3). In this study, the Landsat 2 and Landsat 3 Multispectral Scanner
(MMS) images from the 1970 s are used for mapping the land cover mosaic; those
from the 1980 s, 1990 s, and 2000 s are derived using Landsat 5 and Landsat 7 The-
matic Mapper (TM) images; and a map of MODIS (Moderate Resolution Imaging
Spectroradiometer) product, EVI (Enhanced Vegetation Index), is adopted for 2006.
Interpreting the images in terms of the classification system, we can determine the
area of each type of land use.

NDVI for the factor C

In this study, the normalized difference vegetation index (NDVI), defined as the
ratio of the difference and sum of the infrared (4th) and the red (3rd) bands by their
digital numbers (DN), is calculated for determining the plant/crop cover factor used
in Equation (8.11) for each period of time:

NDVI = (Band4 − Band3)/(Band4 + Band3) (8.13)
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Chapter 9
Conservation Payments, Liquidity Constraints
and Off-Farm Labor: Impact of the Grain for
Green Program on Rural Households in China

Emi Uchida, Scott Rozelle, and Jintao Xu

Abstract This study evaluates the labor response of rural households participat-
ing in the Grain for Green program in China, the largest payments for ecosystem
services program in the developing world. Using a panel data set that we designed
and implemented, we find that the participating households are increasingly shifting
their labor endowment from on-farm work to the off-farm labor market. However,
the effects vary depending on the initial level of human and physical capital. The
results support the view that one reason why the participants are more likely to
find off-farm employment is because the program is relaxing households’ liquidity
constraints.

Keywords China · Grain for Green program · Off-farm labor supply · Payments
for ecosystem services · Program evaluation

9.1 Introduction

In the past decade, an increasing number of incentive-based conservation programs
have been launched in the economies of developing countries, including Costa Rica,
Mexico and China (e.g., Pagiola, Landell-Mills, & Bishop, 2002; Alix-Garcia, de
Janvry, & Sadoulet, 2003; Hyde, Belcher, & Xu, 2003; Mayrand & Paquin, 2004).
Often called payments for ecosystem service (PES), these incentive-based programs
provide financial incentives to those who “supply” ecosystem services, including
farmers who agree to set aside sensitive land or adopt farming technologies that
generate ecosystem services such as wildlife habitat protection, carbon sequestration
and protection of watershed functions.
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Since farmers often are suppliers of these ecosystem services, programs often
have been designed with dual goals—to generate ecosystem services and to achieve
rural development (Pagiola & Platais, 2005). A PES program can increase farmers’
income directly and indirectly through payments. For example, farmers who agree
to set aside previously cultivated land for conservation purposes can increase their
incomes if the payments exceed the opportunity cost of land retirement. Farmers
can also use the payments to finance other productive activities, both on and off the
farm. Depending on the program design, these schemes can induce a reallocation of
factor endowments, and therefore indirectly induce structural changes in household
income earning activities.

The programs may be unsuccessful, however, if they cannot induce farmers to
transform their income generating activities. Payments are typically made for only a
fixed term and can be terminated early due to political disagreements and/or budget
constraints. In the longer run, farmers often must shift their agricultural practices
and income generating activities so that they do not rely on program compensation
payments. Otherwise, upon their termination of the activities, farmers may have to
return the land to cultivation to survive, undoing the program’s long-term environ-
mental benefits.

Despite the importance of understanding how farmers change their labor allo-
cation patterns in response to these programs, few studies to date have examined
how PES schemes have affected farmers’ allocation of factor endowments or choice
of income generating activities. Many critical questions remain. For example, how
does a conservation set-aside program induce farmers to shift labor allocations from
on-farm production to off-farm work? What is the effect of such programs on on-
farm labor allocation? Do program impacts depend on the participants’ physical and
human capital endowments?

This study examines these questions by analyzing the largest PES experiment in
the developing world: the Grain for Green program in China. Following a series
of devastating floods in 1998, China’s government initiated a conservation set-aside
program known as Grain for Green.1 When the community is chosen to be part of
the program, households can choose (or are allowed to choose) to set aside all or
part of the cultivated land on sloped cropland and plant them with tree seedlings. As
we elaborate later on, however, most observers know that Grain for Green has been
“quasi voluntary.”

The program’s first objective is to increase forest cover on sloped cultivated land
in the upper reaches of the Yangtze and Yellow River basins to prevent soil erosion.
Its second objective is to alleviate poverty and restructure agricultural production
into more environmentally and economically sustainable activities in some of the
poorest parts of rural China (State Forestry Administration, 2003). According to
interviews that we have conducted over the past several years, local governments

1The program was officially implemented in 2001. Pilot projects for the program got under way
in 1999 in selected provinces. The Grain for Green program is also known as the Sloped Land
Conversion Program.



9 Conservation Payments, Liquidity Constraints and Off-Farm Labor 133

consider the program as an opportunity to promote transformation of their counties’
local economic structures. A survey of investment projects between 1998 and 2003
in 2,459 sample villages across six provinces in China showed that this program
was the third most common project being implemented after roads and irrigation
projects (Zhang, Luo, Liu, & Rozelle, 2006).

More than 5 years into the program, however, it is not yet clear how Grain for
Green has affected how farmers allocate labor across income generating activities.
On one hand, the government clearly expects that the program will facilitate a shift
in labor from low-profit grain production to the production of more profitable crops
and livestock and, more importantly, from on-farm work to off-farm work. On the
other hand, off-farm activities, including self-employment and wage income earn-
ing activities, both in local job markets and in migrant labor markets, have been a
driving force in reducing poverty in rural China (deBrauw, 2002; Bowlus & Sicular,
2003). Given this recent trend, households in rural China are likely to be increasing
off-farm activities even when they were not enrolled in Grain for Green. Empiri-
cal findings on the program’s labor impact are mixed: two studies used data col-
lected 2 years after the program began and found that the program had no impact on
off-farm employment (Xu, Bennett, Tao, & Xu, 2004; Uchida, Xu, Xu, & Rozelle,
2007). A study involving data collected 4 years into the program found a positive
effect on off-farm labor participation (Groom, Grosjean, Kontoleon, & Swanson,
2006).2

In fact, this study of the impact of Grain for Green on labor allocation in China
is part of a wider set of studies examining the fundamental question of how gov-
ernment payments affect the off-farm labor decisions of farmers, a subject of long
interest to agricultural economists. During the past three decades, off-farm activ-
ities have provided a critical income source to a majority of farm households in
the US and off-farm provision has been largely responsible for closing the gap in
income between farm and nonfarm households (Gardner, 1992; Mishra, El-Osta,
Morehart, Johnson, & Hopkins, 2002; Ahearn, El-Osta, & Dewbre, 2006). Many
studies conducted on US farms, however, have found that payments to farmers
have decreased off-farm labor participation (El-Osta & Ahearn, 1996; Mishra &
Goodwin, 1997; Ahearn et al., 2006). For example, Ahearn et al. (2006) found
that payments from the Conservation Reserve Program, a program that is similar
to the Grain for Green program, decreased the likelihood of a farm operator work-
ing off the farm. These findings suggest that the substitution effect, which would
increase off-farm labor allocation, is outweighed by the income effect, which would
decrease the number of hours allocated to off-farm labor. Other studies suggest
that government payments may decrease off-farm employment because the pay-
ments could serve as a means to cope with risk (Key, Roberts, & O’Donoghue,
2006).

2The study by Groom et al. (2006) uses a household survey implemented in 2004 and collected
1999 pre-program data on a recall basis.



134 E. Uchida et al.

While the findings from the US suggest a hypothesis that Grain for Green would
lead to decreased off-farm participation, the impact of conservation payments in
a rural, developing economy may not follow the same path. Farmers in develop-
ing countries have much lower levels of income (and, as such, a higher marginal
utility of income) than farmers in the US, so the negative income effect may be
small enough that it is outweighed by the positive substitution effect. Moreover,
household pre-program participation in off-farm labor markets may be inhibited by
low incomes and the absence of liquidity to finance the shift into the off-farm mar-
ket as well as poorly functioning land and credit markets (Hoff & Stiglitz, 1990;
Bardhan & Udry, 1999). Furthermore, farmers in developing economies are more
likely to face high transaction costs that prevent them from seeking off-farm employ-
ment. Accordingly, if government payments can relax farmers’ liquidity constraints,
programs may help farmers obtain off-farm jobs.

The literature suggests that this conjecture may apply to rural China. High trans-
action costs, weak information-sharing and other regulations have been shown to
restrict farmers in rural China from starting self-employed enterprises and seeking
wage-earning jobs (deBrauw, 2002; Knight & Song, 2005). Case studies suggest
that, though formal and informal loans are available, borrowing remains severely
constrained, especially for the resource-poor strata of the population (International
Fund for Agricultural Development, 2001). Credit constraints have been shown
to affect factor allocation in the production decisions of rural China’s households
(Feder, Lau, Lin, & Luo, 1990). Since land rental markets are frequently incom-
plete in rural China, most households cannot leave agriculture entirely (Nyberg &
Rozelle, 1999). Given these conditions, if the Grain for Green program can improve
liquidity of farmers, the program may enable them to find off-farm jobs and increase
other productive activities. Yet, the extent of this effect may be conditional on the
individuals’ skills, such as their age and education.

Based on our data, we consistently find that, on average, the Grain for Green pro-
gram has a positive (although only moderate) effect on off-farm labor participation.
Households that participate in the program are increasingly allocating their family’s
labor into the off-farm labor market. The results also indicate that households with
less liquidity before participating in the program are more likely to start off-farm
jobs, supporting the view that the compensation for setting aside cultivated land
may be relaxing liquidity constraints, allowing participants to more readily move
into the off-farm sector relative to nonparticipants. However, we also find that the
impact is only found among individuals that are younger and have achieved higher
levels of education.

In examining the impact of China’s Grain for Green program, this study is lim-
ited in that we examine changes in labor allocation instead of using a more direct
measure of welfare such as income. If we had before-after data on income from
off-farm labor or the number of days worked off the farm, we could have used those
variables as outcomes. Unfortunately, we chose not to collect those variables for
1999. Our first survey of the impact of this program was implemented at a time
that was already three years into the program (for some households in the study
region). Our pretest revealed that although households remembered quite clearly
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their participation in the off-farm labor sector, the information that respondents
could provide on wage income or the number of days that they worked off the farm
was less precise and could potentially suffer from recall bias.3

Although the lack of panel data (before and after the program) on wage income is
a limitation to answering whether Grain for Green is leading to a welfare improve-
ment, changes in labor allocation per se are helpful in understanding the long-run
implications of the program. If we find that the program is at least enabling farm-
ers to find off-farm employment, it implies that those farmers are less likely to be
stuck in a poverty trap (or remaining in subsistence agriculture) after the program
compensation stops.

The literature on off-farm employment in rural China also suggests that partici-
pation in the off-farm labor market itself serves as an indicator of welfare improve-
ment (although we realize this is not necessarily true in all countries). Empirical
studies have consistently shown that improved access to off-farm jobs has created
a large share of the increase in rural incomes in the economic reform era (e.g.,
Parish, Zhe, & Li, 1995; Zhang, Huang, & Rozelle, 2002; de Janvry, Sadoulet, &
Zhu, 2005).4 Rising off-farm employment also has been linked to reduced poverty
(Du, Park, & Wang, 2005). Fan, Zhang, and Zhang (2004) show that the shift into
off-farm employment not only results in reduced poverty, but also is a driver of
structural change in the economy. In sum, based on the recent emergence and stud-
ies of the off-farm labor market in rural China, we believe that increasing off-farm
labor itself leads to welfare improvement.

9.2 The Grain for Green Program

Starting in 1999 as a pilot program, the Grain for Green program was implemented
by China’s government as a cropland set-aside program to increase forest cover and
prevent soil erosion on cultivated slopes.5 By 2010, the State Forestry Administra-
tion (SFA) plans to convert 15 million ha of crop land (approximately 10% of all
of China’s cultivated area) (State Forestry Administration, 2003).6 Since the main

3However, this limitation in fact may strengthen our finding. In a sense, we are doing a stricter test
of how many new individuals are working off the farm due to the program. If we indeed find that
there are additional new individuals in the off-farm labor market, we conjecture that we would find
an increase in the duration as well.
4The rural nonfarm sectors consist essentially of Township and Village Enterprises (TVEs) and the
rural private economy.
5For an excellent overview of Grain for Green, see Xu et al. (2004).
6Due to recent controversies over fiscal pressures, hikes in grain prices, and delivery of program
compensation, the government scaled back expansion of the program in 2005 (Xu et al., 2006).
However, in 2007, the government announced that it will extend the program until 2021 with the
same goal of converting 15 million ha in total (Guowuyuan, 2007).
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objective of China’s program is to restore the nation’s forests and grasslands to pre-
vent soil erosion, program designers have set slope as one of the main criteria by
which plots are selected.

Most close observers believe that Grain for Green has been “quasi voluntary.”
The SFA and provincial and sub-provincial forestry bureaus are primarily respon-
sible for targeting general areas of land for enrollment in the program as well as
in setting and distributing enrollment quotas to local governments (Zuo, 2002). In
practice, the central and the local governments bargain over the land conversion
quota (Xu, Tao, Xu, & Bennett, 2006). Since compensation in most cases exceeds
foregone income of cultivation and the funds go through the hands of local imple-
menting agencies and local finance bureaus, local officials frequently overreach the
land retirement quota set by the central government as a way to help them bargain
for a higher budget. In field interviews, some households reported being “strongly
encouraged” to participate. In fact, Xu et al. (2006) found that nearly half of the
participating households in the sample believed that they did not have the autonomy
to choose whether or not to participate, and only 30% had the autonomy to choose
which plots to retire. We exploit the quasi-voluntary nature of program participation
in our identification strategy.

According to the program’s rules, each participating farmer receives three types
of compensation: in-kind grain, cash and free seedlings. In-kind grain and cash are
given out annually after a farmer’s program plot passes an inspection; seedlings are
provided only in the first year. The program is designed so that there are only two
levels of compensation nationwide, which reflect inherent differences in regional
average yields. The compensation level is 1,500 kg of grain per hectare per year in
the Yellow River basin and 2,250 kg/ha/year in the Yangtze River basin. In cash-
equivalent terms, the sum of the three types of compensation given to farmers in
the upper and middle reaches of the Yellow River basin amounts to 3,150 yuan/ha
during the first year of conversion and 2,400 yuan/year/ha in following years.7 For
the upper reaches of the Yangtze River, the program pays farmers 4,200 yuan/ha in
the first year and 3,450 yuan/year/ha thereafter. The level of compensation is not
trivial relative to the earnings of the typical participating household in the study
region. For example, if an average household in Sichuan Province (Yangtze River
basin) received full compensation, it would receive 340 yuan per capita, an amount
equal to 24% of average per capita income in 1999 (Uchida et al., 2007).8

7The annual average official exchange rate in 2001 was 8.28 Chinese yuan to one U.S. dollar. The
purchasing-power parity conversion factor in 2001 was 1.9 yuan to the dollar (World Bank, 2003).
8According to Xu et al. (2006), actual compensation received by farm households in our sample fell
short of the compensation standards set in the program guidelines for a fraction of the households.
Among the households that did not voluntarily participate, they received, on average, only 46% of
their promised compensation in 2002, compared with 62% for those who participated voluntarily.
There are two plausible reasons for this shortfall in receiving payment. First, based on informal
interviews during our field work we found some farmers whose payments were lagging due to
logistical reasons. Program expansion had been so fast that local government agencies responsible
for program supervision did not have sufficient manpower to check whether the converted land
satisfied government-stipulated requirements (such as tree types and survival rates). Second, some
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The program can potentially affect household wealth, both directly and indirectly.
Grain for Green directly affects household incomes through the grain and cash com-
pensation, which can be used for other productive activities and for consumption.
Previous studies of the Grain for Green program have found that the compensation
rate typically is larger than the value of the crop yielded by the retired plots (Uchida,
Xu, & Rozelle, 2005; Xu et al., 2006). The conservation set-aside program also can
indirectly induce structural change in household wealth by reducing the demand for
labor for cultivating crops. How the freed-up labor time gets reallocated may crit-
ically depend on the other resources possessed by the household, the household’s
stock of human capital and the conditions of land, labor and credit markets.

9.3 Data

We use a panel data set from household surveys that we designed and implemented
in 2003 and 2005. The surveys were commissioned by China’s SFA to evaluate the
Grain for Grain program. This data set is believed to be the only existing panel data
set that includes both participating and nonparticipating households. The descriptive
statistics for the key variables discussed here are shown in Table 9.1.

The 2003 household survey used a stratified sampling strategy designed to col-
lect data on a random sample of 359 households in the program area. From the
three provinces (Sichuan, Shaanxi and Gansu) that had been participating in Grain
for Green since 2000, two counties, three townships per county, two participating
villages per township and ten households per village were randomly selected.9 The
data include information on at least one program-participating household for each
village. Two of the 36 villages had only participating households. The survey in
2003 collected information on 2002 and 1999, and the survey in 2005 collected
information on 2004. Of the 359 households surveyed in 2003, we were able to
track 270 of them in 2005, 230 of which were participating households. Of the 230
households, 27 entered the program in either 2003 or 2004. The attrition rate (from
the survey) was 24% for households participating in the program and 32% for non-
participating households. However, the households not included in the 2005 survey
were not systematically different from households that were included in both sur-
veys. We dropped all of the households that dropped out of the sample in 2005 from
the analysis.

Among the program participants, the intensity of their participation, in terms of
the number of years they have been in the program and the share of the household’s

case studies have found that local governments retained some compensation to make up for expen-
diture shortfalls and tax arrears. In other cases government kept some of the funds to compensate
themselves for expenditures on plant seedlings and other costs.
9Based on our sampling strategy, the sample is representative of households in participating coun-
ties in the three provinces. For example, when we compare the provincial means of household size
and area of cultivated land in 1999, we find them comparable to the statistics published by National
Bureau of Statistics of China (1999).
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Table 9.1 Descriptive statistics of participating and nonparticipating households

Participants (as of 2004) Nonparticipants

Samples in panel data
No. of households in sample – 1999 0 270
No. of households in sample – 2002 201 69
No. of households in sample – 2004 230 40

No. of individuals in sample – 1999 0 1,010
No. of individuals in sample – 2002 768 242
No. of individuals in sample – 2004 935 155

Program Characteristics – 2004
Number of years in program (years) 4.5 n.a.
Program area (mu) 9.3 n.a.
Ratio of program area to total land holdings
(%)

48.7 n.a.

Household Characteristics – 2002
Schooling of household head (years) 4.8 4.7
Age of household head (years) 47 48

Number of household members over age 15
(persons)

3.8 3.6

Average age of household members over
age 15 (years)

39 41

Average educational attainment of
household members over age 15 (years)

4.7 4.4

Number of children (younger than age 15) 1.1 0.9
Total land holdings (mu) 13.7 10.0
Average slope weighted by land area (1 =
less than 15 degrees; 2 = 15–25 degrees; 3
= more than 25 degrees)

2.0 1.6

Asset holdings per Capita (1999)
Livestock assets (yuan) 88 113
Consumer durables (yuan) 461 481
Fixed productive assets (yuan) 231 147
Loans, productive (yuan) 35 25
Loans, consumption (yuan) 459 192
Bank savings (yuan) 42 14
Total asset value (yuan) 1,338 972

Note: Zero values were included when calculating the means for asset holdings per capita.

cultivated area, varied widely across the sample. A third of the households in the
sample started to participate during the initial year of the program, but others started
later (Fig. 9.1). The share of land that each household retired from cultivation also
varied among participating households, ranging from less than 5% of total cultivated
land holdings to 100%. We use these two variables as measures of the intensity of
program participation and as tools for identifying the effects of the program.

By combining data from the 2003 and 2005 surveys we are able to produce infor-
mation on labor allocation for both before (in 1999) and after (in 2002 and 2004) the
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implementation of the Grain for Green program. Enumerators collected information
on each household’s production activities on a plot-by-plot basis. The survey also
collected detailed information on each household’s asset holdings, its demographic
make-up and other income-earning activities involving both on-farm and off-farm
activities.

The study relies on information for 1999 that was collected in 2003, and we
acknowledge the potential for problems inherent in recall data, especially regarding
the pre-program period. We addressed concerns about recall bias through the design
of the survey. We also carefully trained and monitored the enumerators to ensure that
respondents produced their best recollections of past amounts and activities. We also
try to deal with the recall bias by reestimating all of the analyses using a sample of
individuals from only 67 households—the 27 households that switched from non-
participant to participant status between the two surveys (2002 and 2004) and the
40 nonparticipating households. With this subsample, we compare the changes in
off-farm labor between 2002 and 2004 to avoid having to rely on the recall data for
1999. We believe since the results from the analysis using the subsample of house-
holds are largely consistent with the results from the analysis using the full sample,
the recall bias is limited. Full details are available in the Appendix.

9.3.1 Off-Farm Labor Allocation

By 2004, a large share of participating household members had reallocated their
time to off-farm work (Fig. 9.2).10 In the 2005 survey enumerators asked each
respondent what the participating household did with the time that was freed up
after implementation of the program. The largest share of respondents replied that
they had reallocated the time of household members to off-farm work (32%).

10In this study off-farm labor includes any labor that is not on a farm. We define an individual to
have an off-farm occupation if the person engages in wage-earning activities in an off-farm firm or
in nonfarm self employment for at least seven days in a given year.
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Fig. 9.2 Time Reallocation Choices After Participating in the Grain for Green Program. (Note: n
= 325 Responses from 266 Program Participants (Multiple Choices). Responses to the Question
“What Do You Do with the Freed-Up On-Farm Labor Time after Participating in the Grain for
Green Program?”)

The second most frequent response was that households had allocated more labor
to their remaining cultivated land (29%). In addition, respondents stated that they
had invested this freed labor time in leisure time (or time spent at home—11%) and
(in conjunction with the grain compensation) to increase the scope of their livestock
enterprises (9%).

Descriptive statistics from the household data showed that off-farm labor alloca-
tion was increasing for both participating and nonparticipating households. Between
1999 and 2004, individuals with off-farm jobs increased 13% for participating
households and 8% for nonparticipating households. Because off-farm employment
is changing for both types of households, it is clear that in order to evaluate con-
vincingly the impact of the program on off-farm labor, we need to control for the
time effect and thus cannot simply compare post-program levels of off-farm work
between the two groups.

Among the individuals that had off-farm employment in 2002, we find that 42%
had jobs that were not local (implying that they were part of the migrant labor force
and living and working away from home). Forty percent of individuals with off-
farm employment had local wage-earning jobs and 18% were self-employed. We
did not have a variable that distinguished between types of off-farm work in the
2005 survey, and thus we relied on the binary variable that indicated whether an
individual member had an off-farm job or not. For 2002 and 2004, however, we do
have information regarding the intensity of off-farm work (Table 9.2). We find that
between these 2 years the average hours worked per day and the number of days per
year increased for participants but not for nonparticipants. Earnings from off-farm
work and remittances increased for both groups but the differences between the two
groups in a particular year are not statistically significant.
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Table 9.2 Descriptive statistics of labor allocation for participants and nonparticipants

Participants (as of 2004) Nonparticipants (as of 2004)

1999 2004 % change 1999 2004 % change

Percent of individuals
with off-farm
work (%)

23.9 32.4 +9∗∗ 28.2 30.8 +2.6∗∗

Percent of individuals
with farm work (%)

69.1 67.4 –2∗∗ 69.4 76.7 +7.3∗∗

Household members
with off-farm work
(persons)

0.72 1.24 +72 0.93 1.15 +24

Household members
working on-farm
(persons)

2.59 2.59 0 2.53 2.90 +15

2002 2004 % change 2002 2004 % change
If the individual has

off-farm work:
Hours per day 9.2 9.6∗ +4 9.4 9.0∗ –4
Days per year 171 188 +10 196 164 –26
Months per year 6.7∗ 7.0 +10 7.6∗ 6.3 –7
Annual earnings
(yuan)

3,313∗ 4,305 +30 4,339∗ 5,736 +32

Annual remittances
(yuan)

1,936∗ 2,362 +22 2,812∗ 3,180 +13

∗ indicates that the average for participants and nonparticipants for the given year are statistically
significantly different.
∗∗ indicates that the numbers are percentage points.

While there was a detectable increase in off-farm employment participation for
both program participants and nonparticipants, the same cannot be said for on-farm
work. Nonparticipants who engaged in some farming activities increased their work
on the farm by six percentage points; at the same time participants decreased on-
farm work by four percentage points. The reason why on-farm labor did not decrease
as much as the increase in off-farm activities may be because individuals frequently
work in part-time off-farm jobs. They often return to farm work periodically.

9.4 Identification Strategy

To identify the variations across households in off-farm labor market participation
that are due to factors other than the Grain for Green program, we exploit the quasi
voluntary nature of the program. Many households did not have either the choice
of whether or not to participate in the program or the choice about which plot to
enroll into the program. Because of this, there is less potential for self-selection. In
addition, the program officers that were in charge of selecting who got to partici-
pate and which plots were able to be enrolled based their decisions on slope and
other characteristics of each household’s land holdings (which are both observable.)
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Indeed, the weighted average of slopes was higher for participants compared to non-
participants (Table 9.1). Accordingly, we first utilize the data from both participating
and nonparticipating households in difference-in-differences (DID) estimators. We
then employ matching methods where we match participants and nonparticipants
by slope and other characteristics of each family’s land resources (i.e., those factors
that at least in part determined program placement.).

DID compares outcomes from a policy change on two groups—those affected
by the policy change (program participants) versus those who are not (nonpartici-
pants, Meyer, 1995). The idea is to correct the simple difference between an out-
come before and after a policy change for the treatment group by comparing the
before-after change of treated units with the before-after change of control units. By
doing so, any common trends in the outcomes of both the control and treated units
are differenced out (Smith, 2004). The estimator also eliminates recall bias inherent
in a retrospective survey as far as the bias is the same for the two groups.

DID differences out all the time-invariant variables—both observed and
unobserved—such as the households’ total time endowment and other time-
invariant household characteristics that determine consumption and production.
Next, DID zeroes out any time-variant variables which change in parallel between
the two groups. For example, to the extent that input and output prices as well as
transaction costs for participation in off-farm labor market move in parallel for the
two groups, these effects are captured.

The conventional DID estimator, however, assumes that in the absence of the pro-
gram, average outcomes for participants and nonparticipants follow parallel trends
over time. This assumption may be implausible if unobservable pre-program char-
acteristics are thought to be associated with the dynamics of the outcome variable
and the characteristics are different for participating and nonparticipating groups.
We therefore report the DID estimates from models that include an interaction term
between a dummy variable for the Yangtze River Basin and a year dummy vari-
able for 2004 to capture the differences in compensation rates: a higher level for
samples in Sichuan Province (Yangtze River Basin,) and a lower level for house-
holds in Gansu and Shaanxi Provinces (Yellow River Basin). This term also cap-
tures other systematic differences in changes over time between the two basins. We
also include the off-farm job status in 1999 and other pre-program control variables
in order to increase the probability that the parallel assumption holds. Following the
literature, we include household characteristics that are considered to be important
in determining off-farm labor participation, namely, household size, the household’s
number of children under age 15 and liquidity in 1999.

Given the preceding considerations, we estimate the empirical model as

Lo
it = βo+β1Tt +β2Dt +β3(Tt ∗Di)+β4(Tt ∗Ri)+β5Lo

i,t=o+β6Ri+γ Xi+εit (9.1)

where Lo
it is off-farm labor status, Dt is a dummy variable taking the value 1 if

individual i is in the treatment group and 0 if it is in the control group, Tt is a
dummy taking the value 1 in 2004 and 0 in 1999. The coefficient β3 is the parameter
of interest, the DID estimator. In addition, to better control for different trends over



9 Conservation Payments, Liquidity Constraints and Off-Farm Labor 143

time, we control for off-farm labor participation in base year (Lo
it=o), a regional

dummy which takes the value 1 if the household i is located in the Yangtze River
Basin (Ri) and other household characteristics (Xi). We estimate the model using
individual data with a probit estimator and report the marginal effects. Since errors
may be correlated within households, we allow the standard errors to be clustered at
the household level.

We also extend the DID framework to test whether the intensity of participation
in the program influences the program effect by replacing the treatment variable Di

with a measure of intensity. If devoting more land to the program led to an increase
in available labor time or an increase in liquidity that households could use to find
off-farm jobs, the difference in off-farm employment might be positively related to
the area of land retired by each household. As measures of program intensity, we
examine (a) the ratio of the program area to each household’s total land holding; (b)
the number of years in the program; and (c) an interaction term between the ratio of
retired to total land area and the duration of the program.

In addition to the program’s effect on shifts in off-farm employment, we also
estimate the effect on changes in each individual’s on-farm status. Farmers with
improved liquidity may either intensify labor input per hectare cultivated and/or
shift labor from on-farm to off-farm employment. Based on our descriptive statis-
tics, some participating farmers also increased their livestock production after the
program started, utilizing the in-kind grain compensation for feed. Others switched
from conventional grain to higher-value horticultural commodities. Whether or not
the former effect offsets the shift towards off-farm labor is an empirical question.

9.4.1 Sensitivity Analysis

There are reasons, however, why we cannot be too confident about the DID
approach. Some households did have the autonomy over program participation, in
which case we may have a selection problem. Moreover, descriptive statistics sug-
gest that it might be the case that the control group is different in some aspects
from the treatment group. These differences may reduce our confidence in the DID
estimates.

One strategy to deal with this problem is to match treatment households to control
ones with similar characteristics and look at the differences in behavior over time. In
the literature, this approach is called difference-in-difference matching (DID match-
ing). The matching method is one way to examine the impact of a treatment on an
outcome when selection takes place on observable characteristics (Rosenbaum &
Rubin, 1984). Measuring the effect of the program on off-farm labor without bias
using DID matching requires that we include all characteristics which (a) determine
which households are likely to participate in the program; and (b) also affect changes
in labor allocation. If these assumptions hold, we can say that given the observable
covariates, changes in the off-farm labor allocation decisions of nonparticipating
households are what the level of off-farm labor work of the participating house-
holds would have been had they not participated in Grain for Green. By combining
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matching with the DID approach, we can difference away time-invariant unob-
servable variables as well as time-variant factors that have a parallel trend (Smith
& Todd, 2005). We match the two groups of households based on (a) slope and
other characteristic of household’s land resources that officials used (implicitly and
explicitly) for program placement; and (b) factors that affect differences in access to
off- and on-farm job opportunities, such as: education, age, household size, number
of children, liquidity and crop income in 1999, and the distance from the village to
the township seat.

To implement the estimator, we use two covariate matching estimators: (a) a
nearest-neighbor covariate matching estimator with an inverse variance weight-
ing matrix (to account for differences in the scale of the covariates); and (b) a
nearest-neighbors covariate matching estimator with Mahalanobis weighting (a dis-
tance measure that accounts for scale—Abadie & Imbens, 2006). Matching is done
between an observation and its nearest neighbor with replacement. We resolve the
mean-variance tradeoff in the match quality by using two nearest neighbors; the
counterfactual outcome is the average among these two. To deal with the bias in
finite samples when the matching is not exact, we use the post-matching bias-
correction procedure of Abadie and Imbens (2006) that asymptotically removes the
conditional bias term in finite samples. We also compare the results with propensity
score matching using kernel matching. Since the matching estimator works well
only when the treatment variable is binary, we only estimate the effect of the dis-
crete choice of program participation.

9.4.2 Strategy to Estimate How Liquidity Affects the Program’s
Impact on Off-Farm Labor

Two of our variables that can be used as measures of liquidity also depict different
trends between the participating and nonparticipating groups. Since we are specifi-
cally interested in whether the program’s effect on labor allocation differs for house-
holds with different levels of liquidity, we turn now to the strategy for testing this
proposition.11 Ideally, if we could directly classify households into those that were
liquidity-constrained and those that were not (e.g., Zeldes, 1989; Carter & Olinto,
2003), we could estimate the program’s impact for each group and test whether there
were statistically detectable differences between the two groups. Unfortunately, we
do not have sufficient information on credit and loan application history from the
surveys to do this.

11The reliability of the DID estimator lies in the identification assumption that there are no omitted
time-varying effects that are correlated with program participation. For example, the identification
assumption might be violated if other local governmental programs existed that both affected labor
allocation and were correlated with participation in Grain for Green. Unfortunately, we did not
have information to control for other governmental programs and thus the reader needs to interpret
all results with this caveat in mind.
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Consequently, we take two alternative approaches. We first calculate the pre-
program value of each household’s liquid assets. In the paper, our definition of liq-
uid assets includes the value of livestock assets, fixed productive assets and consum-
able durable goods, plus loans and deposits. We then divide the sample households
into quartiles based on the value of their total liquid assets: Qj,j = [1,2,3,4], where
Qj = 1 if the household belongs to quartile j and 0 otherwise, and j = 1 is the
group of households with the lowest asset value. We then test whether the program
effects differ among the quartiles using the DID framework. Heterogeneity in treat-
ment effects can be studied by including interactions between Qj and the treatment
dummy variable. Thus, we estimate the following equation:

Lo
it = βo+β1Tt+β2Dt+

4∑

j=1

βi,j(Qj∗Tt∗Di)+β4(Tt∗Ri)+β5Lo
i,t=o+β6Ri+γ Xi+εit

(9.2)
If a household’s liquidity constraint is indeed being relaxed by participation in

Grain for Green, there will be a positive impact by the program on participation in
the off-farm labor market (or on earnings from agriculture). In the empirical model
we anticipate that households that had a lower level of liquidity before Grain for
Green (those households belonging to the lower two quartiles) will see a greater
relaxing of their liquidity constraint when they receive their compensation than
households that owned sets of liquid assets with higher values (or those from the
top two quartiles).

As a second alternative approach, we utilize a rule developed by Zeldes (1989) to
split the households into liquidity-constrained and -unconstrained groups and com-
pare the DID estimates between the two groups.

9.5 Effect of the Grain for Green Program on Off-Farm Labor

Point estimates from the DID model reveal that the Grain for Green program
increased off-farm labor participation and decreased on-farm labor participation
(Table 9.3, Column 1). Off-farm labor participation increased for both participants
and nonparticipants, but it increased more for participating households. Participat-
ing in the program increases the likelihood of an individual person working off-farm
by 15 percentage points, an estimate that is statistically significant at the 5% level.
The sign of the coefficient estimated using the basic DID model suggests that Grain
for Green is promoting structural change. Based on this result, for those that expect
that Grain for Green will help to promote off-farm employment, the results of the
basic regression models are somewhat encouraging.

The results also reveal that when program participation is done with greater inten-
sity, it increases off-farm labor participation (Table 9.3, Columns 2–4). Specifically,
a higher ratio of retired land to total holdings and its interaction term with the
number of years in program lead to a greater propensity of obtaining an off-farm
job. The results suggest that an individual from a household that retires all of its
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cultivated land will increase the likelihood of an adult member working off the farm
by 16 percentage points (Column 2). Duration in the program, by itself, is only
weakly associated with greater off-farm labor participation (Column 3), but when
it is jointly considered with program area, the longer a household has been in the
program with a higher proportion of its cultivated land, the greater its increases in
off-farm employment (Column 4). Interestingly, we find that program intensity mat-
ters for changes in off-farm labor participation but not for changes in on-farm labor
(Table 9.4, Columns 1–4). This result may be due to the discrete measure of on-farm
work, which does not capture changes in time spent on-farm.

Overall, the findings from the smaller subset are consistent with those from the
full sample. Full results are available in the Appendix.

9.5.1 DID Matching Results

The estimates of the program’s effect on off-farm employment obtained using dif-
ferent variations of the DID matching methods are consistent with the conventional
DID estimates: Grain for Green has increased the likelihood of an adult member
working off the farm (Table 9.5, Column 1). The point estimates ranged from 15 per-
centage points to 20 percentage points. For example, based on covariate matching
using inverse distance, program participation increased the likelihood of an indi-
vidual working off-farm by 19 percentage points, an estimate that is statistically
significant at the 5% level (Row 1). However, the DID matching estimates for the
change in on-farm job status were different from the estimates produced by a DID
estimator. Whereas the DID estimates were statistically insignificant for changes in
on-farm job status, the DID matching results were consistently negative and mostly
statistically significant, ranging from 11 to 16 percentage points (Table 9.5, Col-
umn 2). The DID matching results suggest that program participation decreased the
likelihood of an adult member working on the farm.

9.6 Heterogeneous Program Effect on Off-Farm Labor

In the previous section, we found that the Grain for Green program led to an
increase in off-farm labor participation. The DID estimates, however, do not allow
us to understand how the program affects off-farm labor or which types of farm-
ers are able to shift into the off-farm sector. In fact, we are interested in under-
standing how these changes occur. In particular, when households make off-farm
labor-participation decisions we want to understand the role of two factors: physical
capital and human capital. In this section we test whether Grain for Green has het-
erogeneous effects on off-farm labor that depend on the availability of physical and
human capital to the households before the program.
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Table 9.5 Program impact on off-farm and farm job status change between 1999 and 2004 using
covariate matching method

Outcome: Off-farm status
in 2004 – Off-farm status
in 1999

Outcome: On-farm status
in 2004 – On-farm status
in 1999

Covariate matching (inverse
variance)

0.192∗∗ (2.260) –0.159∗ (1.85)

Covariate matching (Mahalanobis) 0.197∗∗ (2.74) –0.150∗ (2.33)
Propensity score matching (kernel,

common support)
0.147∗∗ (3.24) –0.112∗ (1.88)

N treated 818 818
N available controls 138 138

Note: For covariate matching, we report the absolute value of Abadie and Imbens’ bias-adjusted
z-statistics in parentheses. For the propensity score matching estimator we report the z-statistics
after bootstrapping the standard error 999 times. Calipers restrict matches to units within 0.5 stan-
dard deviations from each covariate. Propensity score matching was performed based on kernel
matching (with Epanechnikov kernel.) A common support was imposed, which resulted in 22
treated observations off the common support. Covariate matching and estimation of the propen-
sity score was performed using the following variables: age, education, household size, number of
children younger than 15, total land holding, liquidity asset level in 1999, average slope weighted
by land area, average distance from plots to a public road weighted by land area, average soil
quality weighted by land area, average distance from plots to a waterway weighted by land area
and crop income in 1999.
∗∗ = significant at 5% level; ∗ = significant at 10% level

9.6.1 Liquidity Constraint

We find that the effect of the program on off-farm labor is clearly larger for house-
holds that had less liquid assets prior to the program (Table 9.6, Column 1). For par-
ticipants belonging to the lowest quartile, the propensity to work off farm increased
by an average of 23 percentage points. The magnitude of the coefficients gets
steadily smaller as asset quartiles rises and was not statistically significantly differ-
ent from zero for the richest quartile. In contrast, estimates for on-farm work suggest
that individuals in the lowest quartiles moved away from on-farm work (Column 2).
The magnitude of the coefficient is smaller for households in higher quartiles. We
also found consistent results when we split the households using Zeldes’ rule into
liquidity-constrained and -unconstrained groups and compared the DID estimates.
Full results are available in the Appendix.

In sum, the findings reveal that the more liquidity-constrained a household is
prior to the program, the more positive the impact of the Grain for Green program
is on its off-farm employment participation. One way of interpreting this result is
that participation in the program relaxes a household’s liquidity constraint and that
the household uses its new resources to aid it in its decision to participate in off-
farm work. Thus, the more constrained is the household, the larger is the program’s
impact on off-farm work.
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9.6.2 Human Capital

We also are interested in understanding how human capital can influence the pro-
gram’s effects among households. Age and education are two fundamental indica-
tors of human capital that affect the ability of individuals to find off-farm work.
Higher education is expected to result in greater rewards from off-farm labor
(Becker, 1993). Education is defined as the number of completed years of school-
ing and is assumed to capture the skills that individuals may bring to a given job in
the off-farm labor market. Previous studies also found that migration is influenced
inversely by age; older people are less likely to migrate since they have less time to
pay back the investment (Lanzona, 1998). To test whether the program’s effect on
off-farm labor is influenced by human capital, we divide the sample into quartiles
based on an initial level of education and on age cohorts.

The results show that levels of human capital, in terms of both age and educa-
tion, impact how the program affects off-farm labor (Table 9.6, Columns 3–6). The
estimates imply that adult family members who are younger are more likely to shift
to the off-farm labor market after the onset of the program than are older ones. For
example, for adults in the youngest quartile, the program increased the probability
of off-farm labor participation by 36 percentage points; for the oldest quartile, Grain
for Green decreased off-farm employment by 13 percentage points (Columns 3 and
4). In fact, we believe that this result is plausible considering that the types of off-
farm jobs that are most frequently available to farmers are physically demanding
(such as construction work) and naturally favor young adults.

Perhaps more importantly, the results show that Grain for Green did not have a
positive effect on off-farm employment for adults who had only limited education
prior to the program (Columns 5 and 6). If the individual was in the lowest quar-
tile for education, participation in the program did not change the likelihood of that
person gaining an off-farm job. The results do demonstrate, however, that the likeli-
hood of finding off-farm employment increases as educational attainment increases.
This result is consistent with the literature on off-farm labor participation among
rural households in China which has found that the level of education attainment
affects the ability of households to take advantage of off-farm employment opportu-
nities (e.g., deBrauw, 2002; Zhang et al., 2002; Yang, 2004; de Janvry et al., 2005;
Wang, Herzfeld, & Glauben, 2007). Our finding suggests that the program may not
be able to induce structural change in income generating activities if participants do
not have adequate education for off-farm work. These findings also add yet another
piece of empirical evidence suggesting that China will have to expand its investment
in education to achieve its goals.

9.7 Conclusion

In our study, we consistently find that, on average, Grain for Green has a posi-
tive effect on off-farm labor participation. Participating households are increasingly
shifting their labor endowment from on-farm work to the off-farm labor market.
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This shift occurs not only in absolute terms but is statistically significant when com-
pared to similar shifts in nonparticipating households. In terms of program intensity,
we find that program impacts increase as the ratio of a household’s retired plots to
total land holdings grows. These results, in conjunction with findings from previous
case studies on environmental benefits of the program, suggest that Grain for Green
could potentially be a win-win strategy for achieving both the environmental and
poverty alleviation goals.

This finding is in sharp contrast to two prior studies of the Grain for Green pro-
gram that found no effect on off-farm labor participation or on income from off-
farm work (Xu et al., 2004; Uchida et al., 2007). Since those studies used household
surveys that collected information on labor allocation decisions only for the first
3 years of the program, it may have been too soon for changes to be detected. In
this study, we use data collected 5 years after the program began, which may have
allowed sufficient time for participants to find off-farm employment in numbers that
are statistically detectable.

The results also indicate that households with less liquidity prior to the program
are more likely to begin to participate in the off-farm employment market. Our
results supports the view that the compensation paid by Grain for Green for set-
ting aside cultivated land may be relaxing the liquidity constraints for participating
households, allowing participants to more readily move into the off-farm employ-
ment sector (relative to nonparticipants).

The positive impact of the program on off-farm labor also is in stark contrast
to findings from studies of the impact of government farm payment programs in
the US Previous US studies of government payments to farmers, including the
Conservation Reserve Program, have typically found that government payments
decrease household off-farm employment participation. The higher level of income
of US farmers compared to what is typical for farmers in the Grain for Green pro-
gram in China probably is the most likely reason why farmers in the US do not
choose to work off-farm when offered a government payment (i.e., the wealth effect
dominates).

The sensitivity of Grain for Green on the level of the household’s human capital
indicates that there may be more impediments to participating in off-farm labor
in rural China than there are in the US. Therefore, in terms of policy impacts for
China, if policymakers want to achieve a win-win outcome from Grain for Green
by meeting both environmental and development goals, they may need to provide
additional support to vulnerable populations through job training programs or other
means.
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9.8 Appendix: Assessing Recall Bias

The study relies on information for 1999 that was collected in 2003, and we
acknowledge the potential for problems inherent in recall data, especially regarding
the pre-program period. Long-term recall data are potentially inaccurate, although
this issue continues to be debated in the literature. Unfortunately, the Chinese gov-
ernment’s quick decision to implement Grain for Green and lack of transparency in
the details of its implementation precluded interviews with potential participants at
the program’s onset. We also endeavor to deal with the recall bias by reestimating
all of the analyses using a sample of individuals from only 67 households—the 27
households that switched from nonparticipant to participant status between the two
surveys and the 40 nonparticipating households. With this subset, while the sample
is smaller, the data are true panel data and are not subject to errors due to recall.
With this subsample, we compare the changes in off-farm labor between 2002 and
2005 to avoid having to rely on the recall data for 1999. If the results from the anal-
ysis using the subsample are consistent with the results from the analysis using the
full sample, it would suggest that that recall bias is limited.

Overall, the findings from the smaller subset are consistent with those from the
full sample (Tables 9.7 and 9.8). The DID estimates for the subset are slightly larger
than the estimates for the full sample. This consistency between samples suggests
that recall bias in 1999 was limited and/or that the DID approach was able to control
for the bias that existed in both groups.

Table 9.7 Impact of Grain for Green on Individual Members’ On- and Off-Farm Labor Job,
Restricting Treated Sample to Participating Households that Changed Status from Nonparticipat-
ing to Participating Between 2002 and 2004

(1) Off-farm (2) On-farm

Treatment × year 2004 0.325 (2.95)∗∗∗ –0.037 (0.30)
Treatment –0.049 (1.31) –0.027 (0.76)
Year 2004 dummy 0.007 (0.08) 0.128 (1.33)
Year 2004∗ Yangtze basin 0.178 (1.72)∗ –0.120 (0.95)
Yangtze basin dummy –0.028 (0.72) –0.004 (0.12)
Household size 0.013 (0.74) 0.022 (1.18)
Number of children age<15 in 2002 0.012 (0.48) –0.001 (0.03)
Total land holding –0.000 (0.13) 0.007 (2.71)∗∗∗
Age in 2002 –0.006 (4.55)∗∗∗ –0.003 (1.58)
Education in 2002 0.008 (1.21) –0.010 (2.06)∗∗
Total household liquidity in 1999 0.000 (3.73)∗∗∗ –0.000 (3.05)∗∗∗
Individual had off-farm work in 1999 0.741 (10.32)∗∗∗

Individual worked on farm in 1999
0.745

(13.73)∗∗∗
Pseudo R-squared 0.46 0.52
Observations 459 459

∗ significant at 10%;∗∗ significant at 5%;∗∗∗ significant at 1%
Note: The reported coefficients are marginal effects of probit models. Robust z-statistics in paren-
theses are calculated based on the clustered standard error at the household level.
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Table 9.8 Program Impact on Off-Farm and Farm Jobs, Treatment Indicator Interacted with Quar-
tile Dummies of Asset Holdings, Restricting Treated Sample to Individuals that Changed Status
from Nonparticipant to Participant Between 2002 and 2004

(1) Off-farm (2) On-farm

Poorest in asset value in 1999 (dummy) ×
treatment × year 2004

0.398 (2.76)∗∗∗ –0.061 (0.49)

Second poorest in asset value in 1999 (dummy) ×
treatment × year 2004

0.460 (2.74)∗∗∗ 0.079 (0.61)

Second richest in asset value in 1999 (dummy) ×
treatment × year 2004

0.271 (1.64) 0.113 (1.14)

Richest in asset value in 1999 (dummy) ×
treatment × year 2004

0.058 (0.40) –0.118 (0.82)

Treatment –0.055 (0.72) –0.027 (0.39)
Year 2004 dummy 0.006 (0.08) 0.127 (1.71)∗
Year 2004∗ Yangtze Basin 0.183 (1.68)∗ –0.121 (1.17)
Yangtze Basin dummy –0.022 (0.30) –0.008 (0.12)
Household size 0.011 (0.49) 0.020 (1.00)
Number of children age<15 in 2002 0.021 (0.72) –0.010 (0.32)
Education in 2002 0.011 (1.68)∗ –0.011 (1.76)∗
Age in 2002 –0.006 (3.40)∗∗∗ –0.003 (2.03)∗∗
Total land holding 0.001 (0.34) 0.008 (2.48)∗∗
Individual had off-farm work in 1999 0.737

(12.05)∗∗∗
Individual worked on farm in 1999 0.765

(13.11)∗∗∗
Pseudo R-squared 0.47 0.53
Observations 453 453

∗ significant at 10%;∗∗ significant at 5%;∗∗∗ significant at 1%
Note: The reported coefficients are marginal effects of probit models. Robust z-statistics in paren-
theses are calculated based on the clustered standard error at the household level.

9.8.1 Heterogeneous Program Effect on Off-Farm Labor
Using Zeldes’ Rule

We found consistent results when we split the households using Zeldes’ rule into
liquidity-constrained and -unconstrained groups and compared the DID estimates
(Zeldes, 1989). The DID estimates for the constrained group was positive and statis-
tically significant both at the household and individual levels. The DID estimates for
the unconstrained group were insignificant. The number of participating households
that were liquidity-constrained and unconstrained were 170 and 55, respectively,
and for non-participating households 32 and 8. At the individual level, the num-
ber of participating individuals that were liquidity constrained and unconstrained
were 1,316 and 478, respectively, and for non-participating individuals 226 and 72,
respectively.

The DID estimates for liquidity-constrained and unconstrained individuals were
0.180 (z = 2.46) and –0.049 (z = 0.31), respectively. The findings are consistent
with the results from the quartile approach.
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Chapter 10
An Empirical Analysis of the Effects of China’s
Land Conversion Program on Farmers’ Income
Growth and Labor Transfer

Shunbo Yao, Yajun Guo, and Xuexi Huo

Abstract In this chapter, we hypothesize that in addition to participation status and
household characteristics, the impacts of China’s Sloping Land Conversion Pro-
gram on income growth and labor transfer are determined by the local economic
condition, program extent, and political leadership; and the income impacts may
vary from sector to sector. To test these propositions, we compiled a dataset of 600
households in three counties of the Loess Plateau region, with observations for times
both prior to and after the program initiation (1999 and 2006), both aggregate and
categorical incomes, and both participating and non-participating households. Using
a difference in differences model and the repeated cross-sectional data, we find that
participation status, local economic condition, program extent, and political lead-
ership have indeed made significant impacts on household income and off-farm
employment. Moreover, the effects of participation on crop production income, ani-
mal husbandry income, and off-farm income vary substantially. These results carry
major policy implications in terms of how to improve the effectiveness and impacts
of ecological restoration efforts in and outside of China.

Keywords Sloping Land Conversion Program · Income increase · Labor
transfer · Repeated cross-sectional data · Northern Shaanxi · Difference in
differences model · Economic development · Program extent · Political leadership

10.1 Introduction

The Sloping Land Conversion Program, or SLCP, is a primary national program that
has been launched by the Chinese government to mitigate soil erosion, desertifica-
tion, and other ecological problems in order to achieve more sustainable develop-
ment. In 1999, the pilot projects of this program were carried out in Shanxi, Gansu,
and Sichuan. By the end of 2006, it has subsidized 32.5 million farm households
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in more than 2,200 counties to retire and convert degraded (sloping) and deserti-
fied croplands (State Forestry Administration, or SFA, 2007). Its ultimate goal is to
convert 14.7 million ha of croplands to forest and grass coverage by the end of this
decade, with a total investment of over 220 billion yuan (Yin, Yin, & Li, 2008).1 The
government claims that the program has made a predominantly positive impact on
rural households’ production and livelihoods as well as on the environment (SFA,
2007). The objective of this chapter is to assess whether or not implementing the
SLCP has indeed led to an increase in farmers’ income and a transfer of labor into
off-farm sectors, and what the key conditions are in determining the program out-
come.

Ever since the time when the SLCP was officially announced, its effectiveness
and sustainability have been hotly debated. While the government has held a rosy
view, scholars have found divergent and even contradicting evidence of the SLCP’s
impacts. Based on household data collected from Gansu and other provinces and
descriptive statistics, Zhi (2004) showed that implementing the SLCP has promoted
the transfer of rural labor out of the farming sector and the improvement of farm-
ers’ income. The study by Wang (2003) of the program’s impact on production and
income in Wuqi, Shaanxi, revealed that it has contributed to the improvement of pro-
ductive efficiency, the increase of farmers’ income, and the expansion of off-farm
jobs. Dong, Zhong, & Wang (2005) found that the food security of households par-
ticipating in the SLCP has been improved, compared either to the status of their own
prior to implementing the program or to that of the non-participating households. Li
(2004) showed that in many areas the adjustment of the rural economy, induced by
the SLCP, has already benefited farmers’ income growth. Given the detected posi-
tive effects of labor transfer, economic adjustment, and income increase, a general
implication of the above studies is that the SLCP can be sustained in the long run.

On the other hand, some researchers have questioned the effects of the SLCP
on labor transfer and income increase and thus its sustainability. For instance, with
household data collected in Shaanxi, Gansu, and Sichuan, Xu, Tao, & Xu (2004)
found that until 2002, the SLCP had not made a significant impact on the adjust-
ment of the production structure, employment in non-farming sectors, and increase
in farmers’ income. Using case studies in Sichuan, Guo, Gan, Li, & Luo (2005) indi-
cated that because the animal husbandry was hit hard by implementing the SLCP,
households participating in the program experienced a decline in their living stan-
dards. Yi, Xu, & Xu (2006) also showed that while the effectiveness of the program
was enhanced after 2004, its impacts on facilitating rural employment, production
adjustment, and income growth remained insignificant.

Several observations can be drawn from the previous studies. First, those studies
suggesting positive income and employment effects tend to focus on the direct gov-
ernment subsidies that farmers have received, and the aggregate structural adjust-
ment of the local economy that the program has implied. However, few have
considered the induced reduction in crop and/or animal production and displacement

1 This total investment is about US$32 billion, given the current exchange rate of $1 = 6.85 yuan.
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of farm labor. And most of these studies lack rigor in their analyses. In contrast,
those works showing insignificant or even detrimental program impacts seem to
have taken a more quantitative approach as well as a more balanced and disag-
gregate view by incorporating the concomitant negative effects on production and
employment. Moreover, they argue that without adequate government assistance
and training, it is not all that easy to quickly adjust the local economy and transfer
the displaced farming labor. Nonetheless, these scholars have rarely moved beyond
the features of the retired lands and engaged households to account for the outcome
of the program.

Also, it seems unrealistic to expect a uniform outcome of such a large program,
given its broad coverage and the varying biophysical and socioeconomic conditions
across the country. In addition, the location of the selected sample sites makes a dif-
ference in determining the program effects, just as the time span of an investigation
does. More importantly, the effectiveness and impact of the program are predicated
on the internal and external local conditions under which it is executed (Yin et al.,
2008). It is thus critical to identify these conditions and incorporate them into the
assessment of the SLCP impact, which is what we will do in this chapter.

Formally, the propositions we make here are that in addition to participation sta-
tus and household characteristics, the impacts of the SLCP on income growth and
labor transfer are determined by the local economic development, program extent,
and political leadership; and the income impacts may vary from sector to sector.
In other words, implementing the SLCP can result in quite different outcomes in
farming, animal husbandry, and thus total income; and it is likely that the program
will make a greater impact where there exist a better developed economy, a larger
program extent, and a stronger political leadership.

To test these propositions, we have selected three counties – Wuqi, Dingbian,
and Huachi in the Loess Plateau region covering two time periods – 1999 and 2007.
While these counties are adjacent, they belong to different jurisdictions, which can
better reflect the varying extents of program execution, political setting, and eco-
nomic development. The time span of the study, from 1999 to 2007, represents
the longest of this type of inquiry so far. Also, dividing the aggregate income into
incomes from farming, animal husbandry, off-farm work, and other sources will
enable us to look into the gains and losses caused to different sectors. Further, the
difference in differences (DID) model that we adopt is well-suited to the task of
quantifying the program’s impacts on the transfer of rural surplus labor and the
growth of farmers’ income (Lee, 2005). So, we expect that our empirical analysis
will generate a rich set of interesting results, and thus make a timely contribution
to a better understanding of the program performance and a more thorough discus-
sion of how to improve its effectiveness and impact. We also hope that our work
will provide valuable information to other countries undertaking similar ecological
restoration efforts.

Overall, it is found that along with other variables, participation status, local
economic condition, program extent, and political leadership have indeed had sig-
nificant influences on household income and off-farm employment. Moreover, the
effects of participation on crop production income, animal husbandry income, and
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off-farm income vary substantially. These results confirm our hypotheses and have
major policy implications. The chapter is organized as follows: We devote the next
two sections to theory and methods, and study site and data; then, we present our
empirical results in section four and our conclusions in the final section.

10.2 Theory and Methods

We hypothesize that the impacts of implementing the SLCP on income growth
and labor transfer are determined by the local economic development, program
extent, and political leadership, in conjunction with the participation status, and the
income impacts may well vary from sector to sector. Specifically, we argue that if
the program implementation involves only a small portion of the sloping farmland,
its impact will be marginal; otherwise, if it covers a large proportion of the land
base, then it can cause a major impact (positive or negative). Therefore, the program
extent should be considered when we examine its impacts.

It is straightforward to understand the relevance of local economic condition to
the program impact. In a more developed and wealthier region, not only is it unnec-
essary for the local cadres to profit from the program by diverting farmers’ subsi-
dies and exaggerating the set-aside targets to their own benefits, but also more local
financial and personnel resources can possibly be devoted to facilitating the pro-
gram implementation (Xu, Yin, Li, & Liu, 2006). Additionally, a better developed
economy will provide more opportunities to absorb the displaced farm labor into
off-farm and/or non-rural jobs. As a result, it is more likely for the program to take
effect in increasing farmers’ income and transferring farm labor (Guo & Yao, 2007).
In contrast, if the local economy is such that it has little means to provide the basic
administrative support, let alone supplementing the implementation and absorbing
the surplus rural labor, then it will be less likely to make a difference; and it may
even open up the door for the local program managers to graft part of the subsidies
(Xu et al., 2004).

In addition, the program outcome is associated with the political leadership that
a locale has. If the local agency is committed to its implementation, then it is more
likely for the program to succeed and thus lead to a more positive impact (World
Bank, 2002). Also, in a transparent political environment, it is not so hard for the
farmers to track the performance of their local leaders and detect any inappropriate
behavior, including corruption (World Bank, 2002). Otherwise, a non-transparent
political setting makes it easy for the local agency to engage in misconduct, which
can inevitably compromise the program effectiveness and constitute a disincentive
to the farmers. Finally, since participating in the subsidized land conversion affects
various production activities in different ways, it is expected that incomes from these
activities will change dissimilarly. That is, cropland retirement can cause a yield and
thus income reduction if no more improved inputs and management practices are
adopted to intensify land use. In contrast, if more improved inputs and management
practices are adopted, then intensified land use will not lead to a proportionate yield
and thus income decrease. Also, cropland conversion and/or crop yield reduction
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may mean that open herding is restricted and/or feed stocks reduced, in which case
income from animal husbandry can be negatively affected.

Our task in this chapter is to test the validity of the above hypotheses by fitting
an adequate empirical model with a sound dataset. To that end, we have compiled
repeated cross-sectional data of household production activities in three counties of
the Loess Plateau region. With observations made for times both prior to and after
the program initiation and for both participating and non-participating households,
our DID model will allow us to detect the program impacts effectively. In particular,
including variables of economic condition, program extent, and political leadership
in the estimation will make it possible to explain the success or failure of the pro-
gram in the proper context. To our knowledge, this is one of the first studies that
have attempted to incorporate a broader set of variables, both internal and external
to the program implementation, into its impact determination.

The concrete model is as follows:

Yit = α0 + α1T + δDit + βZit + γ Xit + ci + μit (10.1)

where Y is a dependent variable representing farmers’ income (from different
sources) or off-farm employment; i and t denote household and time, respectively;
T is a time dummy, taking values of 0 for prior to the program initiation or 1 for
after it; D is another dummy variable to reflect the status of program participation –
taking a value of 1 if a household participates or 0 otherwise; Z it represents con-
trol variables affecting farmers’ income and off-farm employment, including those
commonly used ones, such as family size, number of household laborers, and farm-
land per capita, as well as the ones that we propose to use – local program extent,
economic condition, and political leadership (see discussion below); Xit is a group
of variables that may not vary over time or may vary spontaneously, including age
of the household head and a family relative serving as a village leader; ci is a set of
unobservable variables that affect family income and off-farm employment as well;
and μit is the error term. Included in the parameters to be estimated are α0, the inter-
cept, α1, the time effect, δ, the effect of the participation status on income growth
and labor transfer, and β and γ, the effects of the control variables on the dependent
variables.

Understandably, the effects of local economic condition, program extent, and
political leadership on farmers’ income and labor transfer are conditional on the
household’s engagement in the program. If so, these variables may not be directly
included in Zit; rather, they should enter the above equation as interactive terms with
the participation dummy. We use the per capita GDP of the township to which the
household belongs as a proxy for the local economic condition, the percentage of
retired cropland of a household as an indication of the program extent, and another
dummy variable to distinguish the political leadership of the sample counties.

After first-order differencing, the above model becomes:

Yi1 − Yi0 = α0 + δDit + β(Zi1 − Zi0) + (μi1 − μi0) (10.2)
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Note that unobservable effect ci and time invariant (or spontaneously variant)
factors Xit have disappeared following the first-order differencing. In order to obtain
consistent estimates, it is further assumed that self-choice is not a serious problem
in the above model. That is, whether a household participates in the program is not
an endogenous choice (Lee, 2005). Given the short time span of cropland set-aside
planning and execution, this assumption seems plausible (Wooldridge, 2002). Xu et
al. (2004) already demonstrated that the problem of self-choice in participation is
negligible.

10.3 Site and Data

The site for this study constitutes three counties of the Loess Plateau region – Wuqi
in Yan’an municipality of Shaanxi, Dingbian in Yulin municipality of Shaanxi,
and Huachi in Qingyang municipality of Gansu. The rationale for this selection
is the following. First, these three counties represent the typical ecological condi-
tions found in the region, where land degradation and soil erosion were so severe
that there had been a great need for farmland retirement and conversion. Second,
their adjacent locations and similar landscapes as well as program implementing
paths (all initiated the farmland conversion in the late 1990s and almost completely
achieved the conversion by 2005) are conducive to a comparison between them.
Third, their different jurisdictions make it more likely for us to capture the vari-
ations in program extent, political leadership, and economic status and thus their
influences on the outcome of program implementation.

Before proceeding to presenting our data, a brief description of the basic condi-
tions of these three counties is in order. Situated in the northeast of Yan’an, Wuqi
has a total population of 127,369, of which rural residents account for 109,470. Like
its neighbors, Wuqi is well known for its rich petroleum and gas reserves. But unlike
its neighbors, the county has enjoyed a preferential treatment by the central govern-
ment in exploiting its oil and gas reserves, which has enabled Wuqi’s economy to
grow rapidly in recent years. Wuqi was selected for this treatment in the mid-1980s
as a result of its significance in contemporary Chinese history as the ending place
of the Red Army’s Long March and because of the area’s extreme poverty (Wuqi
SLCP Office, 2007). The county’s GDP was 2.1 billion yuan in 2005, when its own
revenue reached 0.7 billion yuan. Now, Wuqi has become one of the richest counties
in western China (Wuqi Statistics Bureau, 2006).

Before 1998, Wuqi had a cultivated land of 123,700 ha, or 3.40 ha per household,
and a large number of the rural households also raised goats, whose population
peaked to 280,000. As a consequence of extensive farming and open grazing, the
land and vegetation were heavily degraded, making the problems of water runoff and
soil erosion extremely severe. In response, in 1998 Wuqi began retiring croplands on
steep slopes and converting them to forest and grass coverage. Taking advantage of
the national initiative, Wuqi’s land set-aside and conversion expanded tremendously
in 1999. Croplands were cut back to 10,000 ha, and open grazing was banned in
favor of raising goats in pen as well as vegetation recovery (Wuqi SLCP Office,
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2007). To make the ecological and economic transformation, the county government
has invested heavily in such activities as improving the quality of the remaining
farmland, introducing new breeds of crops and animals, and promoting best land-use
practices to supplement the SLCP. Now, over 97,000 ha of converted cropland has
passed the national survival, growth, and stocking inspections (Wuqi SLCP Office,
2007). Because of its decisive action and tremendous change, Wuqi has attracted
broad attention. Government leaders, program managers, and journalists across the
country flock there to learn its experience and lessons, and scholars from research
institutions travel there to conduct field experiments and surveys.

Lying in the transitional zone between the Loess Plateau and the Erdos Desert,
Dingbian is located in the west part of Yulin. Of its population of 315,851, over
87% lives in rural areas (Dingbian Statistics Bureau, 2006). Huachi is located in
the eastern part of Gansu, and 86% of its 130,175 population is rural residents
(Huachi Statistics Bureau, 2006). Similar to Wuqi, extensive farming and open graz-
ing existed in these two counties. Also similar to Wuqi, these counties are endowed
with rich petroleum and gas resources. However, they have not been allowed to
develop these resources locally as Wuqi has. Instead, the national company, Petro
China, holds the exclusive right of exploration. While figures show that the GDP
of Dingbian and Huachi in 2005 was close to 3 billion yuan and 4.6 billion yuan,
respectively, higher than that of Wuqi, much of that was contributed by the national
oil company, which did not benefit the local treasury and employment much. So, the
total budget for Dingbian and Huanchi counties was less than 60 million yuan each
in 2005 (Dingbian Statistics Bureau, 2006; Huachi Statistics Bureau, 2006).

These two counties have participated in the SLCP as well. Their total amount of
retired cropland is 10,966 ha for Huachi and 21,905 ha for Dingbian, suggesting a
much smaller extent of program implementation given their total cropland holding
of 57,265 and 83,333 ha in 1997, respectively. Also, extensive farming and open
grazing in these two counties are still the norm, rather than the exception. Further-
more, their local investment in the land retirement has been negligible, and inci-
dences of delayed subsidy delivery and even deduction of farmers’ subsidies have
occurred (Dingbian SLCP Office, 2007; Huachi SLCP Office, 2007). Some town-
ship officials have even attempted to use the subsidies to offset households’ tax and
other financial obligations.

In sum, marked differences exist between Wuqi and the other two counties. Com-
pared to Wuqi, Dingbian and Huachi lacked the political leadership, local invest-
ment, and extensive participation. We expect that these variations will be reflected
in program impacts. To capture the difference in political leadership, the dummy
variable we use is 1 for Wuqi and 0 for the other two.

In August 2007, our research team conducted a survey of 200 randomly cho-
sen households in each of the three counties, and our questionnaire included basic
household characteristics, production, consumption, income, and farmland retire-
ment and conversion. The basic characteristics of surveyed households are listed in
Table 10.1. It can be seen that there is little difference in number of labor, years
of average education, and age of household head between participating and non-
participating households. Noticeable differences exist in family size, cultivated land,
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Table 10.1 The Basic Features of the Surveyed Households in the Three Counties

Non-participating
Households (131)

Participating
households (469)

F-test of
variance

T-test family
differences

Family size 4.95 (1.25) 4.63 1.51 1.46∗ 1.63∗ (0.104)
Number of

laborers
2.56 (1.18) 2.45 (1.17) 1.01 0.66 (0.51)

Years of
education per
person

4.20 (3.67) 4.39 (4.32) 1.24 0.34 (0.73)

Age of
household
head

50.53 (10.73) 48.77 (10.99) 1.05 1.15 (0.25)

Years of
education for
household
head

5.20 4.26 5.89 3.62 1.39∗ 1.23 (0.21)

Cultivated land 9.93 (5.29) 11.42 (7.26) 1.88∗∗ 1.66∗ (0.09)

Notes:
1. Of the 108 nonparticipating households, 2 in Wuqi, 62 in Dingbian, and 44 in Huachi; of the
492 participating households, 198 in Wuqi, 138 in Dingbian, and 156 in Huachi.
2. Columns 2 and 3 are the mean values for non-participating and participating households, figures
in parenthesis are standard deviations; column 3 is the F test of variance uniformity of the two
groups; column 4 is the t test of family characteristics.
∗, and ∗∗ represent significance at the level of 10, 5, and 1%, respectively.

and years of schooling for household head, calling for their inclusion in our formal
analysis.

Table 10.2 compares per capita incomes of the two household groups in Wuqi
between 1999 and 2006. Except for the animal husbandry income of the partici-
pating households, all incomes increased during that period of time. The crop pro-
duction income of non-participating households rose from 5,591 yuan in 1999 to
5,788 yuan in 2006, while that of participating households rose from 3,733 yuan in
1999 to 4,653 yuan in 2006. The animal husbandry income of non-participating
households grew from 1,162 to 1948 yuan, but that of participating households
declined from 3,575 yuan in 1999 to 1,409 yuan in 2006. The off-farm income
of non-participating households rose from 2,475 to 2,917 yuan, whereas that of
participating households increased from 10,404 yuan in 1999 to 13,785 yuan in
2006.

In 1999, the crop production income of non-participating households was 1,859
yuan, which was significantly higher than that of participating households. In
2006, however, this gap shrank to 1,136 yuan and became insignificant. Even
though the cultivated land of participating households was greatly reduced, their
improved productive efficiency could have reduced the gap of crop production
income, compared to non-participating households (Chapter 13). Before the land
set-aside, the two groups had significant differences in their incomes from ani-
mal husbandry, off-farm employment, and other sources as well as total income.
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Table 10.2 Per Capita Income of Surveyed Households in Wuqi in 1999 and 2006

Non-participating
households

Participating
households

Between group income
difference

1999 2006 1999 2006 1999 2006

Crop production
income

5,591
(7,303)

5,788
(12,417)

3,733
(3,907)

4,653
(8,860)

1,859
(2.3)∗

1,136
(0.7)

Animal husbandry
income

1,162
(1,734)

1,948
(3,163)

3,575
(11,951)

1,409
(1,540)

–2,413
(–2.0∗)

539 (1.5)

Off-farming
income

2,475
(5,711)

2,916
(7,733)

10,404
(13,867)

13,785
(24,502)

–7,930
(–5.3∗∗)

–10,869
(–4.3∗∗)

Other income 0 (0.0) 5,411
(3,494)

61 (603) 6,778
(8,244)

–61 (1.0) –1,367
(–1.5)

Total income 9,228
(5,835)

16,064
(7,158)

17,773
(12,697)

26,625
(20,664)

–8,544
(–5.3∗∗)

–10,561
(–3.4∗∗)

Notes:
1. Crop production income is income from producing corn, potatoes, and other minor crops;
animal husbandry income is income from raising livestock, predominantly goats; off-farm
income is income from off-farm employment, mainly construction and service work in local
towns as well as large cities; other income is income from other sources, such as family
properties and government subsidies; and total income is the gross income from all sources.
Note that because these statistics are rounded mean values, they may not add up to the total
exactly.
2. Columns 2–5 are the mean values for the two groups, standard deviations are in parentheses;
columns 6–7 are the between-group differences, the t statistic is in parentheses.
∗, and ∗∗ represent significance levels of 10, 5, and 1%, respectively.

But the animal husbandry income gap narrowed and was no longer significant
in 2006 due to banning open grazing, which adversely affected both groups.
The difference of income from other sources between the two groups was never
significant.

Table 10.3 compares incomes of the two household groups in Huachi and
Dingbian between 1999 and 2006. All households witnessed an increase in their
crop production income, off-farm income, income from other sources, and total
income. The animal husbandry income of non-participating households dropped
from 2,371 to 1,591 yuan, whereas that of participating households declined
slightly. The crop production income of non-participating households increased
from 2,176 yuan in 1999 to 4,511 yuan in 2006, and that of participating
households also increased from 2,475 to 4,614 yuan. The off-farm income of non-
participating households dropped from 6,409 to 5,568 yuan, while that of partici-
pating households rose from 6,642 yuan in 1999 to 9,912 yuan in 2006. In 1999,
the crop production income of participating households was 299 yuan higher than
that of non-participating households. In 2006, this gap narrowed to 104 yuan. The
insignificant differences in crop production income, off-farm income, and total
income between the two groups in Huachi and Dingbian indicate that their smaller
share of land retirement did not make a large difference.
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Table 10.3 Per Capita Income of Surveyed Households in Huachi and Dingbian in 1999 and
2006

Non-participating
households

Participating
households

T-test of
between-group
difference

1999 2006 1999 2006 1999 2006

Crop production
income

2,176
(3,282)

4,511
(4,193)

2,475
(2,708)

4,615
(4,363)

–299
(–0.9)

–104
(–0.6)

Animal husbandry
income

2,371
(8,136)

1,591
(1,830)

1,358
(1,514)

1,265
(1,186)

1,012
(1.5)

326
(1.5)

Off-farm income 6,409
(9,802)

5,568
(19,489)

6,642
(13,823)

9,912
(24,765)

–234
(–0.1)

–4,344
(–1.4)

Other income 1,459
(1,355)

1,708
(5,275)

487
(1,020)

535
(1,247)

972
(5.8∗∗)

1,172
(1.9∗)

Total income 12,414
(12,661)

13,379
(1,906)

11,962
(9,703)

16,327
(12,802)

1,452
(–0.4)

–2,948
(–1.9)

Notes:
1. Crop production income is income from producing corn, potatoes, and other minor crops;
animal husbandry income is income from raising livestock, predominantly goats; off-farm
income is income from off-farm employment, mainly construction and service work in local
towns as well as large cities; other income is income from other sources, such as family
properties and government subsidies; and total income is the gross income from all sources.
Note that because these statistics are rounded mean values, they may not add up to the total
exactly.
2. Columns 2–5 are the mean values for the two groups, standard deviations are in parentheses;
columns 6–7 are the between-group differences, the t statistic is in parentheses.
∗, and ∗∗ represent significance levels of 10, 5, and 1%, respectively.

10.4 Estimated Results

Table 10.4 lists the estimated results. The goodness of fitting ranges from 0.58 to
0.25 in four of the six cases, which is encouraging for first-order differenced models.
Even in the two cases (income from other sources and total income) where the R2

is very low, it is not unusual for this type of policy, or more broadly treatment,
effect assessment model (Woodridge, 2002; Lee, 2005). First, all the variables have
a positive effect in the crop production income regression. Compared to that of non-
participating households, the crop production income of households participating
in the SLCP increases by 131.1 yuan, which is not a large figure in magnitude but
significant at the 99% level. A better developed local economy, a larger program
extent, and a stronger political leadership, respectively, result in an increase of the
household’s crop production income by 619.3, 170.2, and 251.3 yuan at the 99%
significance level. Together, these add up to a sizable amount (1,240 yuan), and
they have partially confirmed what we hypothesized – variations in local program-
matic, economical, and political conditions all impact the crop production income.
Education level of the household head also has a significant influence on crop pro-
duction income, with one more year of schooling leading to an increase of 83.6
yuan. Other variables like number of household laborers, per capita cultivated area,



10 Empirical Analysis of the Effects of China’s Land Conversion Program 169

Table 10.4 Regression Results of Income and Off-Farm Employment, 1999–2006

Crop
production
income

Animal
husbandry
income

Off-farm
income

Other
income

Off-farm
employment

Total
income

Status of
participation

131.11 –2,445.52 3,170.06 382.16 0.09 5,397.04
6.23 –2.67 1.54 0.14 3.05 3.87

Economic
condition

619.27 202.64 187.94 –269.32 0.25 286.52
5.90 1.04 2.63 –0.68 8.00 2.35

Program extent 170.25 73.69 62.95 –145.46 0.12 175.97
2.57 0.63 2.63 0.05 2.15 1.97

Political
leadership

251.33 68.18 55.18 –50.79 0.07 91.63
9.08 1.14 2.16 –0.05 11.48 2.39

Education of
household head

83.55 191.92 522.17 138.29 0.02 1,059.97
67.11 1.26 1.61 1.22 1.35 2.83

Family size 8.37 507.66 191.12 1,309.85 0.14 1,867.99
2.11 1.05 0.19 3.63 3.60 2.02

Number of
laborers

190.59 258.93 –1,792.95 –498.13 0.07 1,376.97
2.07 1.62 –1.17 –0.59 1.76 3.13

Non-agricultural
employment

187.41 –606.91 9,191.11 126.79 – 11,046.10
21.71 –1.25 5.09 0.20 – 3.44

Per capita
cultivated land

984.56 –159.15 –328.14 252.31 –0.02 231.62
2.59 –0.34 –0.33 0.69 –4.19 0.13

Intercept –543.62 1,726.65 7,536.26 –596.58 0.49 3,052.57
–0.18 0.99 0.94 –0.23 1.54 0.21

R2 0.58 0.40 0.25 0.20 0.48 0.15

Note: Corresponding to each variable, the figure in first row is the estimated coefficient, and the
figure in the second row is the t statistic value.

and non-agricultural employment lead to a significant increase of crop production
income as well.2

Second, the regression of animal husbandry income reveals that participation sta-
tus is negatively associated with income at the 95% significance level. The animal
husbandry income of participating households is depressed by 2,445.5 yuan, in com-
parison to that of non-participating households. Here, program extent, economic
development, and political leadership do not matter much. Variables like school-
ing years of household head, family size, and number of household laborers have
a positive but statistically insignificant effect. Likewise, per capita cultivated area
and local non-agricultural employment have a negative but statistically insignificant
effect.

Third, the off-farm income is positively related to participation status and years
of schooling for household head at the 90% significance level. Participation allows
farmer household’s off-farm income to increase by 3,170.1 yuan, and one more year
of schooling for household head leads to an increase of 522.2 yuan. Local economic

2 Off-farm employment includes employment in local non-agricultural activities and off-village
employment as migratory workers.
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development, program extent, and political leadership cause the household off-farm
income to increase by, 187.9, 62.9, and 55.2 yuan, respectively. These effects are all
highly significant. Additionally, non-agricultural employment has a positive effect
at the 99% significance level; one more person in the non-agricultural sector results
in the household’s off-farm income to increase by 9,191.1 yuan. In contrast, fam-
ily size, number of household laborers, and per capita cultivated area do not have
strong correlations with the off-farm income. As to income from other sources, the
regression has only one significant variable – family size, suggesting that the larger
the family, the higher the income. All of the other variables, including the policy
ones, have little effect.

Fourth, the regression of off-farm employment shows that participation has a
positive effect on off-farm employment at the 95% significance level. Other things
being equal, participation causes 0.09 unit of labor to shift out. Although there is
a positive relation with years of schooling for household head, this relation was
statistically insignificant. While family size and number of household laborers have
positive effects on off-farm employment, per capita cultivated area has a negative
effect on the off-farm employment. These results illustrate that: (1) the more surplus
labor a family has, the more off-farm income it generates; and (2) the larger the
per-person cultivated area, the less likely for the household to engage in intensive
farming, making it harder to shift labor out. Local economic development has a
positive relation with the off-farm employment; a coefficient of 0.25 indicates that
the condition is a key factor of labor transfer. Program extent has an effect of 0.12,
and political leadership has an effect of 0.07. Together, these variables cause 0.45
unit of labor to shift out of farming, which is more than four times the coefficient of
participation status alone. This has further proven the hypothesis we proposed – the
realized transfer of surplus farming labor depends on both the internal and external
conditions, coupled with the program participation.

Fifth, the total income has a positive correlation with years of schooling for
household head, family size, number of laborers, and non-agricultural employment.
The contributions of these variables are 1,056 yuan from one more year of house-
hold head education, 1,870 yuan from one more person in the household, 1,377
yuan from one more family laborer, and, more substantially, 11,046 yuan from one
more non-agricultural job. Participation in the land conversion program results in
an increase of total income by 5,397 yuan. In addition, local economic develop-
ment, program extent, and political leadership are positively correlated with the
total income. Their coefficients are 287, 176, and 91.6 yuan, respectively. Again,
these findings validate our basic hypothesis – the impacts of the SLCP on farmers’
income are determined by local conditions, in conjunction with participation status.

10.5 Conclusions and Discussion

We set out to test the hypothesis that the impacts of implementing the SLCP are
determined by the local economic conditions, program extent, and political lead-
ership, in conjunction with participation status. We also speculated that the income
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effects may vary across sectors. To that end, we have estimated a difference in differ-
ences model with data collected from 600 households in three counties of the Loess
Plateau region, covering both time before and after the program initiation (1999 and
2006) and both participating and non-participating categories. Our empirical results
have confirmed our hypotheses nicely.

It is found that participation in the SLCP has affected incomes from differ-
ent sectors in different ways. While it has a significant positive impact on crop
production income, the magnitude of this effect is small. In comparison, better local
economic condition, larger program extent, and stronger political leadership have
much greater impacts. These results suggest that cropland retirement does not nec-
essarily cause a reduction of cropping income if the production mode can be suffi-
ciently transformed by adopting more improved inputs and management practices.
However, participation has a substantial negative effect on income from animal hus-
bandry, which is almost ten times the combined positive impacts of local economic
condition, program extent, and political leadership. Clearly, animal husbandry was
hit hard by the grazing and feeding constraints in carrying out the SLCP, even with
local efforts in maintaining its vitality.

On the other hand, participation has a very large positive effect on both off-farm
income and total income. In combination, these results indicate that although animal
husbandry is negative affected, the program’s impacts on other sectors are positive
and thus more than offset the negative effects in aggregation. The results of the
off-farm employment and income regressions highlight that participating in the pro-
gram has accelerated the transfer of farming labor and greatly stimulated the income
growth from off-farm opportunities. Moreover, these positive effects are reinforced
by better economic development, larger program extent, and stronger political lead-
ership. These findings are new to the literature, and they have provided further sup-
portive evidence to our claim that the socioeconomic impacts of the program are
indeed predicated on the local program extent and conditions, coupled with par-
ticipation status. Also, they indicate that it is essential to incorporate the relevant
variables into any reliable assessment of the SLCP impacts.

The government should take these elements into account in its program plan-
ning and execution. For one thing, in case it delivers great ecological benefits, the
program should concentrate more on the selected sites where the local agencies are
committed to an effective and transparent implementation and the local economies
are conducive to intensifying cropping on reduced land, absorbing displaced sur-
plus labor, and/or sustaining animal husbandry. But it should be made clear that the
evolving local economy can alter the comparative advantages of various production
and income opportunities. As such, tradeoffs between them must be weighted prop-
erly. This means that the government should identify where and by how much the
production and income will contract or expand and design measures to deal with
the associated winners and losers. It also implies that it may not a simple matter
for the program to fulfill its dual objectives of poverty alleviation and ecological
restoration.

While the findings of the negative effects of participation on animal husbandry
income and the positive effect on off-farm employment and total income conform
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what was previously reported (Guo et al., 2005; Dong et al., 2005), the finding
of a positive effect on cropping income is also new. The latter result implies that
cropland reduction will not inevitably cause a crop yield and thus income decline.
We conjecture that the significance of these effects has to do with the features of
our sample, including selection of representative study site, coverage of a long time
span, and division of total income into specific categories. It seems that in these
aspects lies the distinction between our results and those of Xu et al. (2004) and Yi
et al. (2006).

In addition, as an indication of family human capital accumulation, the num-
ber of schooling years of household head contributes to cropping income as well
as total income. This validates the importance of education to family livelihoods
(Hayami, 2003). Meanwhile, number of laborers and family size boost income from
crop production, off-farm employment, and thus total income. Further, family size
helps increase income from other sources, and number of laborers benefits income
growth from animal husbandry. Also reasonable is the evidence that per capita cul-
tivated land favors income from cropping and leads to less off-farm employment,
which implies that while cropland retirement reduces crop production and income, it
accelerates labor shift out of farming as well. Moreover, it is encouraging to observe
that more favorable local conditions can work to more than offset the negative effect
of land retirement on income from crop production.

Finally, it is worth noting that because the data used in this study cover only
three counties in the Loess Plateau region, our findings may not apply elsewhere. To
reach broader conclusions, more data should be collected from other regions. Also,
follow-up analyses should be pursued to examine what will happen to the sample
site of this study in the longer term.
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Chapter 11
An Evaluation of the Impact of the Natural
Forest Protection Programme on Rural
Household Livelihoods

Katrina Mullan, Andreas Kontoleon, Tim Swanson, and Shiqiu Zhang

Abstract In this chapter, we estimate the impact on local household livelihoods
of the Natural Forest Protection Programme (NFPP), which is the largest logging
ban programme in the world, and aims to protect watersheds and conserve natural
forests. In doing so we use a series of micro-econometric techniques for policy
evaluation to assess the impacts of the NFPP on two interrelated facets of household
livelihoods, namely income and off farm labour supply. We find that the NFPP has
had a negative impact on incomes from timber harvesting but has actually had a
positive impact on total household incomes from all sources. Further, we find that
off farm labour supply has increased more rapidly in NFPP areas than non-NFPP
areas. This result is strongest for employment outside the village. On the basis of
these results, policy implications for household livelihoods are drawn.

Keywords Natural Forest Protection Programme · Policy evaluation · Difference in
differences · Propensity score matching · China · Income impacts · Off farm labour

11.1 Introduction

Assessing the impacts of ecological restoration programmes on the livelihoods of
local residents is imperative for two main reasons. First, these programmes have
severe equity impacts, which should be understood and mitigated when designing
such policies. High biodiversity areas are often also home to poor, rural communi-
ties, while the benefits of conservation may go to wealthier residents of the same,
or other, countries. In developed countries, conflicts between conservation policy
and land use also occur (see, e.g., Innes, Polasky, and Tschirhart (1998) on the US
Endangered Species Act), but those deriving income from the land are much more
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likely to have secure property rights to that land than households in developing
countries who may be affected by similar policies. The second reason for account-
ing for the impacts of conservation programmes on local residents is that a failure
to do so may lead to conflict over the resources, reducing the potential effectiveness
in environmental terms (Ferraro, 2002; Kramer, 1996).

In this chapter, we estimate the impact on local household livelihoods of the
Natural Forest Protection Programme (NFPP), which is the largest logging ban pro-
gramme in the world, and aims to protect watersheds and conserve natural forests.
Existing studies that have attempted to evaluate the impacts of this programme have
concluded that while it has been effective in reducing logging and increasing refor-
estation, these benefits have come at a significant cost in terms of the impacts on
household livelihoods. In this chapter, we focus on evaluating the impacts of the
NFPP on two important facets of the livelihoods in the affected areas, namely those
of household income and employment opportunities. We argue that it is important
to understand these particular impacts as the NFPP is part of a process of more
general Chinese forest policy reform. This involves a shift from focusing simply on
timber output, to new objectives of: (i) enhancing the role of forests in ecological
rehabilitation and environmental protection; (ii) increasing timber supply through
commercial investment; and (iii) promoting rural wellbeing and poverty reduction
through agro-forestry (Wang et al., 2008). This means that even if the NFPP is con-
tributing to the first objective, it cannot be considered successful if it undermines
objectives (ii) and (iii) through negative impacts on household incomes and on their
incentives to invest in future forest activities.

Measuring the impacts of the NFPP on household incomes and labour oppor-
tunities is not a straightforward matter, mainly because the Chinese economy has
been undergoing huge changes during the period that the programme has been in
place. Further, we cannot observe household income and labour decisions both in
the presence and the absence of the programme and therefore face an identification
problem. To address this, we treat the NFPP as a natural experiment, using panel
survey data to compare the changes in income and labour opportunities over time
in the areas where the programme was in place with changes in the areas where it
was not introduced. In order to ensure the robustness of our results, we estimate
the changes in income resulting from the programme using various parametric and
semi-parametric policy evaluation techniques and we find that the NFPP has had a
negative impact on incomes from timber harvesting. However, it has actually had a
positive impact on total household incomes from all sources. Because the increase
in total income appears to be driven by an increase in income from off-farm employ-
ment, we also estimate the impact of the NFPP on household participation in off-
farm labour markets. We predict that the reduction in the marginal return to labour
in forest activities resulting from the ban on logging would lead to a reallocation
of labour from forestry to off-farm occupations. Using similar evaluation methods
as for the income impacts, we estimate the effect on off-farm employment and find
that it has increased more rapidly in NFPP areas than non-NFPP areas. This result
is strongest for employment outside the village. We note that the increase in total
household income may not correspond to an increase in household welfare because
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if that were the case, non-NFPP households would be expected to participate in the
off-farm labour market to a greater extent as well.

11.2 Background to the NFPP

11.2.1 Description of Programme

The Natural Forest Protection Programme (NFPP) was introduced by the Chinese
government in response to the serious drought in the Yellow River area in 1997 and
the flooding of the Yangtze River in 1998. Both of these events were understood to
have been brought about by poor agricultural practices and the removal of natural
forests. The Sloping Land Conversion Programme (SLCP) was intended to address
the former problem, while the NFPP addressed the latter. The NFPP applies to 17
provinces and autonomous regions, primarily in the upper reaches of the Yangtze
River, the upper and middle reaches of the Yellow River. These provinces contain
73 million ha of natural forests, which amount to 69% of the total natural forest area
in China (Swanson et al., 2006).

The objectives of the programme are: to restore natural forests in ecologically
sensitive areas, protecting and enhancing biodiversity; to plant forests for soil and
water protection; to increase timber production in forest plantations to meet national
demands for timber and contribute to economic development of rural areas; and to
protect existing natural forests from excessive cutting (Zhang et al., 2000). These
objectives are being pursued with the use of, firstly, a ban on logging in natural
forests across many parts of the country; and secondly, measures to encourage the
development of new plantation forests which should increase timber supplies while
reducing pressure on natural forests. These activities have been supported with funds
from the Chinese government, directed specifically at: (i) afforestation and for-
est protection, including mountain closure, tree planting, construction of sapling
bases, payments for forest tending and forest fire prevention; (ii) compensation
for unemployed state forest workers, retirement pensions for state forest staff and
some compensation to local governments for losses of forest taxation revenues (Xu,
Katsigris, & White, 2002).

11.2.2 Existing Studies

The NFPP is the largest programme of its kind in the world, and therefore there is
considerable interest in its impacts. The most significant study so far has been car-
ried out by Xu et al. (2002), who found that while there have been positive impacts
on forest cover, there have been certain negative effects such as losses in employ-
ment in the state forest sector; reductions in local government finances; and losses
of employment and income for households dependent on the state and collective
forest sectors. Other studies have largely been case studies of forest management
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by households within a small number of villages or townships, for example Shen
(2001), Weyerhaeuser et al. (2006), and Demurger and Fournier (2003).

11.2.2.1 General Findings

The NFPP is largely accepted to have reduced timber harvesting in natural forest
areas (Xu et al., 2002; Demurger & Fournier, 2003). As it has been implemented in
important watersheds of the major rivers of China, and in areas of high biodiversity,
this is expected to have positive environmental impacts, in particular on soil ero-
sion and water conservation (Yang, 2001). However, two key environmental issues
have been identified: the first is that there are suggestions from case studies that the
programme has reduced the incentives to actively manage forest land by monitoring
against illegal logging and forest fires and by thinning and maintaining the timber
stands. This is particularly likely where the ban has been applied to village plan-
tations (Miao & West, 2004; Weyerhaeuser et al., 2006). The second issue is that
the reduction in timber supply within China is expected to have negative effects on
neighbouring countries (Weyerhaeuser et al., 2006). This raises concerns because
much of the imported timber originates in Asia-Pacific countries where unsustain-
able harvest practices and illegal logging are common (Katsigris et al., 2004).

Much of the research into the impacts of the NFPP has focussed on the impact on
the state forest sector as this was initially targeted in the programme (Zuo, 2002).
During the early stages, it was estimated that around 1 million employees would
have to be laid off (Yang, 2001). Many of these have been re-employed in forest
stewardship, while those who were not re-employed were offered compensation of
three times their average salary for the previous year (Yang, 2001). While there are
some cases in which compensation has not been paid in full, and where state enter-
prises are unable to pay full pensions for retired workers, greater losses in state forest
areas have been experienced by those who were not formally employed by the state
sector (Katsigris, 2002). There have also been impacts on the provision of public
services by local governments as their revenues have dropped significantly in areas
where forestry played an important role in the local economy (Katsigris, 2002). For
example, in some counties in Sichuan Province, timber revenues represented more
than 80% of total income from taxation; as timber production falls, these revenues
will fall accordingly (Yang, 2001).

Yang (2001) also highlights economic benefits from the NFPP. He argues that the
1998 floods affected hundreds of millions of people and caused extensive damage,
and that the result of this was major expenditures on flood defences against future
disasters, including ¥ 7.8 billion on embankments along the Yangtze. The finan-
cial and social costs of both the floods themselves and of protection against future
events are real costs that should be included in an evaluation of the programme.
A further benefit he suggests is diversification of economic activities, giving the
example of Aba Prefecture which has promoted tourism as an alternative to logging.
The prefecture experienced increases of around 130% in both numbers of tourists
and tourist revenues between 1997 and 1998 and now receives 30% of GDP from
tourism.
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11.2.2.2 Findings Relating to Collective Forests

The NFPP was primarily targeted at state forest areas, but in many places it has
been extended to cover collective forests as well (Zuo, 2002). A number of studies
have argued that where households and communities are prevented from access-
ing collective forest land, this infringes their existing rights to use that land, and
their ownership of the trees on the land (e.g., Shen, 2001; Katsigris, 2002). There
is little in the way of quantified economic impacts on collective forest communi-
ties. Katsigris (2002) looks just at Sichuan Province, and finds that timber output
from collective forests had fallen to 6% of previous levels by 2000, resulting in rev-
enue losses of approximately ¥ 1 billion for the whole sector. She also finds a 65%
reduction in the number of forestry related township enterprises, with correspond-
ing reductions in employment and output of 53% and 30%, respectively. The same
study finds losses in tax revenues, decreases in employment, and reductions in over-
all economic growth rates in some counties with collective forest areas, although
those with alternative development opportunities were observed to recover quickly
from 2000 onwards.

Chen et al. (2001) measure income changes for three townships in Li County,
Sichuan Province. In one of the townships, they observe a 17.6% reduction in
per capita income between 1998 and 2000. In the other two townships, per capita
incomes fall by around 1/3. These reductions are explained by losses of employment
in the timber harvesting or processing sectors, or loss of revenues from provision of
services to temporary migrants who were previously working in the forest sector.
Shen (2001) studies two villages in Aba Prefecture, Sichuan Province and finds that
households have not only lost income from the timber sector, but also through loss
of access to non-timber forest products, including fuelwood, and access to grazing
land for livestock. In general, the NFPP does not prohibit the collection of non-
timber products, but in some cases it has either been disallowed by the local govern-
ment or access has been prevented by the closure of transport routes to forest areas
(Zuo, 2002).

11.2.3 Contribution of this Study

Despite the number of studies that have been carried out into the impacts of the
NFPP, there has been an absence of analysis using quantitative information to assess
these impacts, as those cited have relied on qualitative case study information. Case
studies, such as those carried out by Xu et al. (2002), Shen (2001), Weyerhaeuser
et al. (2006), and Demurger and Fournier (2003), were each focused on a small
number of villages, and based on interviews with key members of state forest enter-
prises and forest communities. Their conclusions have raised considerable concerns
about the NFPP but have as yet not been investigated more widely. Therefore, this
chapter attempts to evaluate the impacts of the programme and revisit some of the
conclusions of the existing studies, using a survey of 285 households in 40 villages
in the south of Guizhou Province. The existing case studies are largely based in the
south-western region of Sichuan and Yunnan Provinces. So far there has been no
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research into the impacts in the southern collective forest areas. As the forest sec-
tor in the southwest is rather different in character to the forest areas in the south
of China (Rozelle et al., 2000), data from Guizhou will be the only assessment of
the impacts of the ban in the southern provinces. Finally, the existing studies of the
NFPP are based on information that was collected shortly after the logging ban was
introduced, so this chapter supplements those findings by using data from 2004,
when some adjustment to the ban has taken place and the medium term impacts are
more apparent.

The findings of the existing studies, in particular that the NFPP has resulted in
losses of employment and income for rural households, are concerning for a num-
ber of reasons. The first is that as discussed above, current forest policy in China
is aimed in part at improving standards of living in forest areas so if the NFPP is
having the opposite effect, the overall objectives may not be met. In addition, the
southern, south-western and north-eastern forest areas of China, where the NFPP
has been applied, are remote from the major centres of economic activity and growth
and contain the poorest provinces of China. Even within these provinces, the forest
locations are largely in inaccessible mountain areas, where alternative income gen-
erating options are limited. Therefore, if the NFPP reduces incomes in these areas,
it will contribute to increasing poverty in already poor regions and will exacerbate
the growing inequality between these regions and the rapidly growing urban centres
in other parts of China.

This chapter focuses specifically on the impacts of the NFPP in collective forest
areas. There are two reasons why these areas are of particular interest and con-
cern. The first is that, unlike in the state forest areas, where the employees of the
forest sector have received compensation for lost income, there has been no com-
pensation for households in collective forest areas. The second reason is that, as
argued by Shen (2001), the NFPP has infringed on the rights to forest land that were
allocated to households in the early 1980s, and this has occurred without any com-
pensation for those households. We use data from collective forest areas to examine
the impacts of the programme and whether compensation should have been paid for
infringements on property rights.

11.3 The Policy Evaluation Problem

The objective of this chapter is to find out the impact of the NFPP on household
incomes and off farm labour decisions in affected areas. In order to do so, we take
advantage of the growing literature on econometric methods for policy evaluation,
for example, Heckman and Robb (1984), Ashenfelter and Card (1985), Heckman,
Ichimura and Todd (1997) etc. All of these methods deal with the identification
problem faced when attempting to determine the impacts of a policy intervention: if
there are two potential outcomes, Y1, the outcome when the individual participates
in a programme; and Y0, the outcome when the individual does not participate, then
the impact of participating in the programme is simply given by:

� = Y1 − Y0 (11.1)
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However, estimating this requires information on both Y1 and Y0 for each indi-
vidual, which is not obtainable because we cannot observe the outcome of partic-
ipation for non-participants or the outcome of non-participation for participants.
Therefore, estimation of the causal effect of the programme is equivalent to solving
a missing data problem (Heckman et al., 1997), and requires the use of techniques
that allow the identification of the relevant impacts in the absence of the data. In the
case of the NFPP, we want to know the difference between the level of household
income and labour supply when a household is in the programme and when it is not,
but we only have data on one situation or the other.

For any individual, the observed outcome (Y), following Roy (1951), Quandt
(1972) and Rubin (1978), is defined as:

Y = DY1 + (1 − D)Y0 (11.2)

where D denotes participation in the programme, and takes the values 1 (if the
individual participates/is treated) or 0 (if the individual does not participate/is not
treated). This is commonly written as a function of observables (X) and unobserv-
ables (U1, U0):

Y1 = g1(X) + U1 (11.3)

Y0 = g0(X) + U0

The literature mentioned above uses various methods to estimate a counterfac-
tual outcome against which the outcome for treated individuals can be compared.
In the social sciences where truly randomised policy experimental data is hard to
find, alternative methods have been developed that account for the fact that those
participating in a programme will have different expected outcomes from those not
participating. This is either because they choose to participate in the programme on
the basis of their expected returns from it; or as in the case of the NFPP, because the
programme affects all individuals in a particular area, or of a particular segment of
the population, so the control group must necessarily have different observable or
unobservable characteristics and therefore different expected outcomes.

For the purposes of this chapter, in order to determine the impact of the NFPP on
household incomes and labour decisions, we will use three identification methods:
difference-in-differences (DID) with covariates; Heckman et al. (1997) propensity-
score matched difference-in-differences (PSM); and Abadie’s (2005) propensity
score weighted difference-in-differences (PSW). Those living in the counties where
the programme was implemented are considered to be ‘treated’, while those living
in the areas where it was not implemented are ‘untreated’. All of these approaches
allow us to account for both observable and unobservable variation between house-
holds in the NFPP and non-NFPP areas, but comparison of the results from the three
methods will also indicate how sensitive those results are to the specification of the
functional form of the econometric model. We first provide a brief overview of these
methods before we turn to the discussing the data used and the econometric results.
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11.3.1 Difference in Differences

The NFPP can be viewed as a natural experiment, with data available for a period
before the policy reform and a period after the reform, and also data for two counties
where it was implemented and one similar county where it was not implemented.
Therefore, a relevant method of evaluation would appear to be the (DID) estimator
used by Ashenfelter and Card (1985). They use a components of variance framework
in which the unobservable variation is decomposed as follows:

Uit = φi + θt+μit (11.4)

where φI is an individual effect that remains constant over time; θt is a time specific
effect that varies over time but is the same for all individuals (e.g., common macroe-
conomic impact); and μit is a temporary individual specific effect that varies across
time and across individuals. The relationship between treatment and outcomes is
therefore given by:

Yi,t = αDi,t + φi + θt + μit (11.5)

If D is independent of μit then comparing pre- and post-treatment outcomes for
participants and controls allows the identification of α, the treatment effect.

The DID estimator compares the changes in outcomes for the group of treated
individuals with changes in outcomes for a control group. The basis for the estima-
tor is that trends in the outcome variable over time, and time-invariant individual
specific variation, are cancelled out. The former is based on the assumption of com-
mon trends, in other words, that the group participating in the programme would
have experienced the same change in the outcome variable between time period t0
(before the programme) and t1 (after the introduction of the programme) as those
not participating. The validity of this assumption will be discussed further below,
but if it is accepted, then the difference between the change in the outcome variable
for the participating group and the change in the outcome variable for the control
group will give an estimate of the impact of the programme:

αDID = E(Yil − Yi0|D=1) − E(Yil − Yi0|D=0) (11.6)

An advantage of using DID is that it removes a significant part of unobserv-
able variation that may affect outcomes regardless of the effect of the programme
or policy. However, if participation is related to μit, then it will not be possible
to estimate the treatment effects separately from the temporary individual specific
effects. A commonly quoted example of this is the ‘Ashenfelter dip’ (Ashenfelter,
1978) whereby an individual is more likely to enter a training programme if they
experience a temporary dip in earnings just before the training programme is intro-
duced, indicating a relationship between individual transitory shocks that affect pre-
treatment earnings and programme participation. A more serious problem in the
context of the NFPP is that the results will be biased if common macroeconomic
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trends have different impacts on the treatment and control groups due to their
observable or unobservable characteristics (Blundell & Costa Dias, 2000).

In order to deal with this particular problem, Abadie (2005) suggests that one way
to control for observed characteristics that could affect the dynamics of the outcome
variable is to include a vector of these characteristics in the difference-in-difference
model. They may be introduced in a linear fashion so that the model becomes:

Yit = αDi,t + Xβ + φi + θt + μit (11.7)

and the treatment effect becomes:

αDID = E(Yil − Yi0|X, D=1) − E(Yil − Yi0|D=0) (11.8)

Alternatively, the variables may be included using interaction terms, which
allows for heterogeneous treatment effects across individuals.

11.3.2 Propensity Score Matching

A drawback of the DID model with covariates to control for observable character-
istics is that a particular functional form must be imposed on the model in order to
estimate the parameters. In order to overcome this, two methods of semi-parametric
DID estimation have been suggested. The first method was developed by Heckman
et al. (1997). They use PSM to create a control sample with the same observable
characteristics as the treatment sample. If the dynamics of the outcome variable are
based on these observable characteristics, then, as with the use of covariates within
the OLS framework, this would mean that the common trends assumption of DID
could be accepted.

The basis of the Heckman et al. (1997) method is that, conditional on X, (Y1,
Y0) and D are independent.

(Y1,Y0) ⊥ D|X1 (11.9)

This means that if we condition on observable characteristics, non-participant
outcomes have the same distribution that the participants would have experienced if
they had not participated in the programme:

F(y0 | X, D=1) = F(y0 | X, D=0) (11.10)

A further requirement is that 0 < Pr (D=1|X) < 1. If these assumptions hold,
then matching can be used to construct a control sample from the outcomes of

1In fact, only the assumption that Y0⊥ D|X is necessary to estimate the average treatment effect
on the treated using matching techniques.
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non-participants that would be equivalent to the control group in a random exper-
iment. The conditional independence assumption underlying the matching method
is a strong one as it assumes that all selection into the programme is on observ-
able characteristics. In reality, it may be that a set of observable variables for which
the condition holds do not exist. In other words, selection may occur on unobserv-
ables. The second assumption ensures that a common support region exists. If there
is a combination of X variables for which Pr(D=1)=1, then it is not possible to
construct a control sample with the same characteristics from the non-participant
observations.

The PSM (Q) method generates a control sample by using the outcome for a sin-
gle untreated individual (j), or weighted group of untreated individuals, to represent
the outcome that would have been attained by a treated individual (i) if they had
not been treated. The comparison individual, or group of individuals, is selected
on the basis of the similarity of their observable characteristics to each treated
individual (i).

ATT =
∑

i∈{D=1} WN0, N1(i) [ Qli −
∑

j∈{D=0} WN0, N1(i, j) Q0j] (11.11)

Each participant may be matched with a single non-participant, as in the case
of nearest-neighbour matching, or they may be matched with a weighted average
of some or all of the non-participant observations, using, e.g., kernel or local linear
regression.

Rosenbaum and Rubin (1983) have shown that if it is possible to match on values
of X, it is also possible to match on a function of X. They use the propensity score,
which is an estimate of the probability that an individual is in the treated group,
given their values of X.

P(X) = Pr(D=1 | X) (11.12)

This can be estimated using a probit or logit model. Matching is then carried out
on the individuals with the most similar propensity scores.

11.3.3 Extensions to Matching and DID

PSM has been widely used as a way to estimate counterfactual outcomes for partic-
ipants in various policies and programmes. However, Heckman et al. (1997) extend
the original framework of Rosenbaum and Rubin (1983) in two ways. The first is to
match using panel data, generating a semi-parametric conditional DID estimator. If
the following assumption holds:

E(Y0
1 − Y0

0|X, D=1) = E(Y0
1 − Y0

0|X, D=0) (11.13)

where Y0
1 is the outcome in the post-treatment periods in the absence of treatment

and Y0
0 is the outcome in the pre-treatment period in the absence of treatment, then
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the average treatment effect on the treated is:

ATT = E(Y1
1 − Y0

0|X, D=1) − E(Y1
1 − Y0

0|X, D=0) (11.14)

This has the advantage that we can control for both observable differences
between the two groups that affect the outcome variable, and any unobservable
differences that remain constant over time or are related to the observable char-
acteristics of the individual (Abadie, 2005). For this method, PSM is carried out
as described above, but instead of using Q1i = Y1i and Q0j = Y0j to estimate the
matched treatment effect, we set Q1i = (Y1it – Y0it) and Q0j = (Y0jt – Y0jt).

Abadie (2005), following Hirano, Imbens and Ridder (2001), proposes PSW as
an alternative method to balance the treatment and control samples with respect to
observable characteristics before carrying out DID estimation of treatment effects.
This is done by weighting the control observations on the basis of the similarity
of their propensity score to the propensity scores of the treatment group so that
the untreated observations that have similar observable characteristics are weighted
more than those that are very different. The result is that the same distribution of the
observable characteristics is imposed on the treated and control samples. As with
other DID models, this version assumes that:

E(Y0
1 − Y0

0|X, D=1) = E(Y0
1 − Y0

0|X, D=0) (11.15)

i.e. that conditional on observables, the treated and control samples would have
experienced the same outcome dynamics in the absence of treatment. Also in line
with the other models, we assume that the support of the propensity score for the
treated sample is a subset of the support of the propensity score for the control
sample. The basis of this model is:

E[Y1
1 − Y0

1|X, D=1] = E[ρ0(Y1 − Y0|X)] where (11.16)

ρ0 = D − P(D = 1| X)

P(D = 1|X)(1 − P(D = 1|X)
(11.17)

The average treatment effect on the treated is then given by:

ATT = E

[
Y1 − Y0

P(D = 1)
· D − P(D = 1|X)

1 − P(D = 1)|X)

]
(11.18)

Abadie (2005) describes how this imposes the same distribution of covariates on
the treated and untreated samples by weighting down the distribution of Y1 – Y0 for
the untreated whose values of the covariates are over-represented, and weighting up
Y1 – Y0 for the observations whose values of the covariates are under-represented.
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11.4 Impact of NFPP on Household Incomes

11.4.1 Econometric Methods

The impact of the NFPP on incomes will be estimated using three different meth-
ods. The methods all take advantage of the panel data available by differencing out
the time-invariant unobservable heterogeneity between the participating and non-
participating households. However, they use different approaches to controlling for
observed heterogeneity.

11.4.2 Descriptive Statistics

Using the methods described, we estimate the impact of the NFPP on net income
per household; net income per head; and income per household from timber, forest
products, and employment. Table 11.1 gives the values of these variables in 1997
and 2004, for all households and separately for NFPP and non-NFPP households.
All the income values include income in cash and in kind, i.e., products harvested
by the household for their own use. Where crops, livestock or forest products are
consumed by the household, we have used imputed prices based on the average
received by those households that have sold the product.

From the descriptive statistics, we can see that total household incomes have
risen across both the treated and control groups between 1997 and 2004, as have
incomes from employment. Over the same period, incomes from forest products
have remained approximately constant and incomes from timber have fallen for
NFPP households and risen slightly for non-NFPP households. Clearly, changes in

Table 11.1 Descriptive Statistics for Dependent Variables

Income measure

1997 2004

Mean S.D. Mean S.D.

Total income per Total 6,933 8,846 13,258 12,697
houshold NFPP 6,960 6,598 14,109 13,863

non-NFPP 6,877 12,046 11,473 12,343
Total income per Total 1,390 1,504 2,593 2,322

head NFPP 1,458 1,507 2,822 2,387
non-NFPP 1,246 1,494 2,113 2,114

Income from timber Total 225 1,158 85 331
NFPP 275 1,256 64 263
non-NFPP 118 919 129 441

Income from Total 713 1,314 732 1,346
non-timber forest NFPP 586 876 533 874
products non-NFPP 981 1,913 1,151 1,945

Income from Total 3,040 7,120 8,130 11,736
employment NFPP 3,196 5,776 9,089 11,394

non-NFPP 2,715 9,364 6,117 12,244

All values in ¥ per year
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the magnitude and structures of incomes have been occurring, some of which will
be due to the NFPP and some of which will be due to wider changes across the
rural economy. Because of this, it is necessary to isolate the impacts of the NFPP
from other types of variation. As discussed above, we do this by controlling for
both observable and unobservable factors that are expected to contribute to changes
in income from different sources, and that may vary between the treated and control
samples. This is done either through the use of covariates in the DID models, or by
estimating a propensity score for participation in the NFPP which is then used to
weight the observations for estimating the impacts of the NFPP on income.

The same observable variables are used for the estimation of the propensity score
and as covariates in the parametric DID model. These are shown in Table 11.2.
Following the recommendations of Caliendo and Kopeining (2006), only variables
that may affect both participation and outcomes are included, and variables that are
potentially affected by participation or the anticipation of participation are excluded.
Heckman et al. (1997) also stress that the data for the treated and control groups
should come from the same survey, which holds for the dataset used in this study.

11.4.3 Propensity Score

For the matching and weighting methods, the propensity score was estimated with
a probit model, using the same variables as the controls in the parametric estima-
tion. The results of the probit estimation are shown in Table 11.3, and the distribu-
tion of the scores for NFPP participants and non-participants is shown in Figs. 11.1
and 11.2.

These results show that at a 5% level of significance, households in NFPP areas
are more likely to be from the relatively prominent Dong or Han ethnic groups than
smaller minority groups, and they have higher levels of education; NFPP households
tend to have fewer adults, but more forest land, and are relatively remote from their
county town.

These densities show that the households in the NFPP areas have higher propen-
sity scores than those outside the NFPP areas, which is as we would expect. An
impact of this is that in the matching process, the NFPP households with higher
propensity scores will be compared with a relatively small number of control obser-
vations. However, there are at least some control observations with high propensity
scores, and related to this, there is a large area of common support on which to
estimate the impacts of the policy.

The balancing properties of the propensity score were estimated using the ‘block-
ing’ method of Dehejia and Wahba (1999). The purpose of this is to ensure that the
propensity score has effectively balanced the distribution of the covariates in the
treated and control groups. More specifically, we test whether, after conditioning on
the propensity score, treatment is independent of the observable covariates, X.

D ⊥ X | p(X) (11.19)

The method of Dehejia and Wahba (1999) investigates an approximation of
whether f (X|D = 1) = f (X|D = 0) by dividing the sample into blocks based on
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Table 11.2 Descriptive Statistics for Independent Variables

Variable Mean Median

Ethnic group dummy – Miao Total 0.29 0.45
NFPP 0.23 0.42
non-NFPP 0.40 0.49

Ethnic group dummy – Han Total 0.15 0.36
NFPP 0.18 0.39
non-NFPP 0.09 0.28

Ethnic group dummy – Dong Total 0.51 0.50
NFPP 0.57 0.49
non-NFPP 0.38 0.50

Whether HH head has more than Total 0.42 0.49
primary education (Dummy var) NFPP 0.45 0.50

non-NFPP 0.35 0.48
Age of HH head (years) Total 47.66 11.31

NFPP 48.77 10.80
non-NFPP 45.32 12.02

Number of adults in the household Total 2.95 1.17
(number) NFPP 2.88 1.12

non-NFPP 3.10 1.27
Share of income from forests (%) Total 0.14 0.14

NFPP 0.12 0.14
non-NFPP 0.16 0.16

Area of household forest land (mu) Total 37.89 105.82
NFPP 48.26 123.39
non-NFPP 16.13 6.03

Distance from village to county town Total 29.67 14.06
(in km, as crow flies) NFPP 30.67 15.09

non-NFPP 27.64 11.43

Table 11.3 Estimation of Propensity Score

Variable Coefficient
Standard
errors P value

Dong 1.450 0.386 0.000
Miao 0.686 0.398 0.085
Han 1.654 0.449 0.000
Age 0.015 0.008 0.063
Education 0.490 0.179 0.006
No. of adults –0.142 0.074 0.054
Share of income from forests –0.705 0.579 0.223
Area of forest land 0.006 0.002 0.001
Distance from village to county town 0.018 0.006 0.006
Intercept –1.738 0.591 0.003
Log likelihood –147.95
Pseudo R2 0.175
Number of observations 285
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the estimated propensity score, and testing whether the means and standard devia-
tions of each covariate in each block are equal. Using the STATA programme pscore
(Becker & Ichino, 2002), we find that at a 1% level of significance, the treated and
control groups are balanced for all covariates, in all blocks.

11.5 Results

In order to test the impact of the NFPP on household incomes from different sources,
we estimate DID models, with and without covariates, a PSW model, and carry
out PSM, using kernel and local linear regression. All the models are estimated on
changes in income between 1997 and 2004, with the covariates described in the
previous section.2 The results are shown in Table 11.4.

2 All estimation is carried out in STATA 9. The matching estimates use an Epanechnikov kernel for
the kernel matching process, and a bandwidth of 0.1 for both the kernel and local linear matching.
Alternative matching specifications were also estimated to assess robustness, and these did not
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Table 11.4 Impacts of NFPP on Income from Different Sources

DID no
covariates

DID with
covariates

PS
matching,
kernel
regression

PS
matching,
local linear
regression

PS
weighting

Total income per HH 2,694
(1,337)∗∗

3,043
(1,502)∗∗

2,871
(1,590)∗

2,794
(1,529)∗

1,141
(2,917)

Total income per capita 510.8
(269.6)∗

466.4
(308.4)

468.9
(326.3)

442.3
(336.5)

32.04
(702.6)

Income from timber per HH –224.5
(157.7)

–270.1
(162.3)∗

–266.2
(109.9)∗∗

–313.0
(123.2)∗∗

–498.9
(275.2)∗

Income from NTFPs per HH –227.7
(98.9)∗∗

–37.65
(106.44)

–31.01
(183.2)

–27.38
(180.5)

–104.3
(155.9)

Income from employment
per HH

2,548
(1,293)∗

2,399
(1,443)∗

1,965
(1,423)

2,019
(1,351)

1,031.8
(2,140)

∗ significant at 10%
∗∗ significant at 5%

Looking first at the results of the DID model without any covariates, we find that
the NFPP had no significant impact on income from timber. However, this specifica-
tion suggests significant negative effects on income from non-timber forest products,
and significant positive effects on income from employment and total income. This
model controls for unobservable variation that has the same impact on both treated
and control groups over time. However, it does not control for observable variation
between the two samples that may affect the impact that general trends have on
the two groups. For example, general trends that were occurring between 1997 and
2004, such as increasing off-farm employment, rapid income growth, and a switch
away from fuelwood (a key non-timber product) towards other fuels, may have
affected different households in different ways. If these are related to observable
characteristics of the household, the inclusion of covariates or use of the propensity
score should control for them, and therefore better isolate the impacts of the NFPP
from other macroeconomic changes.

This is supported by examination of the results of the remaining specifications,
all of which incorporate variation in observable characteristics. The results obtained
using DID with covariates, PSM, and PSW give broadly similar conclusions in terms
of the direction and significance of the impacts of the NFPP. In all of the condi-
tional specifications, participation in the NFPP is found to have a significant nega-
tive impact on household income from timber. Based on the estimates of the DID
model with covariates and the PSM models, households in the NFPP experienced
a reduction in timber income of around ¥ 300 between 1997 and 2004, relative to

significantly affect the results. The PSW procedure was carried out by weighting each observation
by the propensity score, and then calculating the average of these weighted estimates. The standard
errors for the PSM and PSW methods are estimated using bootstrapping with 500 repetitions.
Lastly, all the models were estimated only within the region of common support.
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what they would have experienced if they had not participated in the programme.
The PSW model suggests a greater impact on timber incomes, of around ¥ 500.

The impact of the NFPP on non-timber forest products is negative in all of the
models, but small and not significantly different from zero. We would not expect
a significant negative effect on non-timber products as collection is still permitted
in our survey areas. Regarding fuelwood, although its collection is still allowed
under the NFPP, there has been some reduction in quantities collected in both NFPP
area and non-NFPP areas which is due to increasing use of alternative forms of
energy such as biogas and electricity. It is possible that the NFPP could increase
the availability of certain non-timber products in the longer term, but we would not
expect to observe this type of impact at this stage.

All of the specifications used show a positive and significant impact of the NFPP
on total household incomes. The increase in total household incomes amounts to
around 3,000 ¥ on average in the DID and matching models, while the PSW again
gives somewhat different results, with a lower impact on total incomes, which is
not significantly different from zero. The results suggest that per capita incomes
have increased by approximately ¥ 450 between 1997 and 2004, although this effect
is not significant at 10%. Possible explanations for the finding that incomes have
increased as a result of the NFPP will be discussed in the following section.

Finally, income from employment has increased by around ¥ 1,000 more in NFPP
areas than non-NFPP areas according to the PSW model, while the other models
suggest a difference in the change in income from employment of ¥ 2,000 between
the treated and control groups. However, this effect is not significantly different from
zero, apart from in the DID model where the significance is border-line at 10%.

11.5.1 Impacts of NFPP on Off-Farm Employment

11.5.1.1 Theoretical Impacts

The results of the previous section indicated that the NFPP has resulted in a
drop in income from timber, but an average increase in total income. The first of
these effects is in line with a logging ban policy. However, the positive effect on
total incomes appears to be somewhat counterintuitive because we might expect
households affected by the NFPP to be worse off overall. In fact, previous studies
on the impacts of the NFPP have suggested that this is the case, although largely
not on the basis of quantitative information. As income from off-farm employment
has increased faster in NFPP areas than non-NFPP areas, while income from other
sources has declined or remained unchanged, it appears that the change in total
income is primarily driven by changes in income from employment. We therefore
examine the effect that the NFPP has had on household participation in off-farm
employment. In particular, we consider how falling incomes from timber would
affect the labour allocations decisions of households who do potentially have access
to off-farm labour markets, but were not previously choosing to participate in them.
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Following the standard model of farm household decision making (e.g. Singh,
Squire, & Strauss, 1986) households affected by the NFPP will allocate labour to
forest activities, agricultural production and off-farm labour until the marginal prod-
ucts of labour in forest activity and agriculture are equal to the wage rate in off-farm
employment. If the return to labour in forest production falls as a result of the ban
on logging, the total household labour allocation to forest activities will be reduced
to the point where the marginal product of labour again equals the off-farm wage
rate. Under standard assumptions that the agricultural production function exhibits
diminishing returns to land and labour and the wage rate in the labour market is con-
stant, we would expect that labour would move from forest production into off-farm
employment rather than into agriculture. In this case we would expect the NFPP to
increase participation in the off-farm labour market.

11.5.1.2 Empirical Results

We now empirically evaluate the impact of the NFPP on off-farm employment. We
estimate the impact on total off-farm employment, and also look separately at work
that requires household members to migrate away from the village on a temporary or
permanent basis. The amount of employment is measured as the number of house-
hold members participating, and as the total number of days spent in a particular
activity. The same estimation methods are used as for the previous income impacts
evaluation, and the variables used to estimate the propensity score are also the same.

Looking at the results in Table 11.5, the impact of the NFPP on the numbers of
household members working off-farm is positive but not significantly different from
zero. The impact on the total number of days worked off-farm by all household
members is also positive. This impact is significant in the DID models with and
without covariates, but not in the PSM or PSW models. Across all the models, the
average impact of the NFPP on total days worked off-farm ranges between 50 and
100 days per household.

The impact on the number of household members leaving the village for employ-
ment purposes is again positive, with mixed evidence on the significance of the
effect, although it is borderline at a 10% significance level in the PS-based models.
Finally, the results indicate that households in NFPP areas increased the number of
days worked outside the village by an extra 80–130 days, compared with households
in non-NFPP areas. This finding is significant in all except the PSW model, which
is more conservative across all the specifications.

Overall, the results suggest that, while there may be some positive impact of the
NFPP on overall employment, the evidence for it is not strong. In contrast, there
is a clearer positive impact on the number of days that household members spend
as migrant workers. Based on the discussion in the previous section, these findings
indicate that the extent to which households can increase their participation in local
labour markets may be more limited than the extent to which they can increase their
employment in labour markets outside the village. If many households are simulta-
neously trying to increase their off-farm labour allocations in villages affected by the
NFPP, it is likely that within these individual villages, either wages would diminish
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Table 11.5 Impact of NFPP on Off-Farm Employment

DID no
covariates

DID with
covariates

PS
matching,
kernel
regression

PS
matching,
local linear
regression

PS
weighting

Number of HH members
in off-farm
employment

0.130
(0.150)

0.235
(0.164)

0.0907
(.166)

0.137
(0.151)

0.177
(0.196)

Total days off-farm
employment per HH

85.30
(47.14)∗

101.83
(51.08)∗∗

55.09
(50.65)

69.02
(52.36)

71.13
(59.32)

Number of HH members
working outside
village

0.281
(0.142)∗∗

0.369
(0.157)∗∗

0.247
(0.162)

0.251
(0.156)

0.283
(0.178)

Total days worked
outside village per HH

105.15
(45.55)∗∗

129.88
(49.18)∗∗∗

83.10
(47.72)∗

84.23
(49.38)∗

85.77
(55.90)

∗ significant at 10%
∗∗ significant at 5%
∗∗∗ significant at 1%

rapidly or jobs would be rationed. In contrast, the regional or national labour market,
which is mainly located in urban areas, would be much less affected by the increase
in labour supply resulting from the ban on logging.

11.5.2 Relationship Between Employment Impacts
and Income Impacts

So far in this section we have discussed why the off-farm labour allocation of house-
holds might be expected to increase in response to the ban on harvesting timber, and
the empirical results have shown that an increase in off-farm employment outside
the home village has occurred in areas affected by the NFPP. However, we would
not expect an increase in income to occur as a result of the shift of labour from forest
activities to off-farm employment. With sufficient demand for off-farm labour, total
income may remain constant if household members who are no longer required for
timber harvesting are re-employed elsewhere at a wage that is equal to the previous
return to their labour in forest activities. Nevertheless, it does not provide an expla-
nation for the observed increase in total income. This is because if the off-farm
wage rate was higher than the return to labour in forest activities before the logging
ban, we would expect households to have already allocated more labour to off-farm
employment. As the NFPP does not alleviate any constraints in relation to labour
market access, then if household income could be increased by moving from for-
est activities to off-farm employment, such a change in labour allocation should be
observed in both NFPP and non-NFPP households.

An explanation for the increase in income resulting from the NFPP is that house-
holds are not simply comparing the returns to labour in alternative occupations.
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Instead, there are a range of further factors that are accounted for in the decision
making process.

The first of these factors is the potential cost involved in seeking off-farm
employment. This is likely to be particularly important in relation to employment
outside the village. Rather than directly comparing earnings from farm and off-farm
activities, households will compare expected income net of expenditure. The income
data used in this chapter are net of expenditure on inputs to agriculture and forest
activities, but do not include the costs of seeking off-farm employment. Where indi-
viduals look for work outside the village, these costs may include travel expenses
and a higher cost of living at the destination. Because the income data do not account
for these costs, the empirical finding of increased income in NFPP areas may dis-
guise a reduction in consumption by households because a greater proportion of
their total income is spent on enabling household members to live and work outside
the village.

Another category of additional factors consists of non-monetary reasons why
household members prefer to work in forest or agricultural activities on household
land rather than seek off-farm employment. These reasons may include preferring
to work for themselves rather than someone else, or perceived riskiness of off-farm
income, as employment may not be secure. As with the financial costs of seeking
employment, non-monetary factors are likely to be more significant for employment
outside the village. The standard Harris–Todaro model of migration (Harris and
Todaro, 1970) involves the comparison of the expected wage at the destination with
the return to labour at home. However, there have been many related models that
emphasise additional variables. In fact, Todaro (1969) stresses that real incomes,
taking account for differences in the costs of living, should be compared, rather
than nominal incomes. He also acknowledges that factors such as relative living
conditions will affect the migration decision as well as earnings differences.

More specifically, Sjastaad (1962) describes how the ‘psychic costs’ of migrat-
ing mean that there will be a minimum level of earnings at the home location that
will leave an individual indifferent between migrating and not migrating. If home
earnings fall below that level, the earnings differential will persuade the individual
to migrate. ‘Psychic costs’ are the negative welfare effects of leaving family and
friends, and they imply earnings differentials that are larger than the monetary costs
and benefits of migration would suggest. Importantly, such earnings differentials do
not suggest misallocation of resources because they are the result of the preferences
of individuals or households. Mundlak (1979) analyses migration based on compar-
isons of expected income, as in the Harris–Todaro model. However, he also includes
a measure of ‘quality of life’ in the model used. ‘Quality of life’ may be assumed
to be higher in rural or in urban areas. In the former case, a premium is required in
addition to urban (off-farm) wage rates to encourage migration, while in the latter
case, urban wage rates may be lower.

If non-monetary factors such as differences in quality of life or ‘psychic costs’,
in combination with earnings differentials, affect the decision to migrate we would
expect to see an increase in off-farm employment in response to a fall in income
from forest activities, as discussed previously. However, the increase in off-farm
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employment could in this case lead to an increase in the total income of the house-
hold. In this context, the rise in total income would not necessarily indicate an
increase in the overall welfare or utility of the household because it may be accom-
panied by a reduction in non-monetary benefits or an increase in non-monetary costs
associated with migration. Similarly, if migrating to earn the higher income involves
expenditure on travel costs and living costs, with a resulting reduction in consump-
tion, welfare may not rise along with income.

11.6 Conclusion

The initial driver behind this chapter was the recognition that while much effort
frequently goes into valuation of the benefits of forest conservation policies, the
negative impacts or costs for individual households living in affected forest areas
are often not accounted for. Furthermore, existing studies and reports on the NFPP
suggested that the ban on logging was having serious detrimental impacts on the
livelihoods of such households. We therefore made use of programme evaluation
methods to identify the impacts of the NFPP on two interrelated facets of household
livelihoods, namely income and off farm labour supply decisions.

Overall, our results show that the NFPP has had a significant, although fairly
small, negative impact on the income earned from timber harvesting by households
in collective forest areas. More surprisingly, it has had a positive impact on total
household incomes in villages affected by the NFPP. These are potentially very
important findings because the belief that the NFPP has been damaging for forest-
based households, and has increased levels of rural poverty by denying access to
a key source of income, has led to calls for its removal, despite evidence of envi-
ronmental benefits. If the impacts of the programme are in fact less harmful than
previously thought, then the case for its removal is significantly weakened. How-
ever, the differences between the results of this study and the conclusions of other
studies raise two questions. The first of these is why the impacts of the NFPP on
timber incomes are small. The second question is why the loss of timber incomes
has not resulted in a reduction in overall incomes, and has in fact led to an overall
increase.

The main explanation for the small change in incomes from timber resulting from
the NFPP is that prior to the ban on logging, timber incomes were already low in
both NFPP and non-NFPP areas. There are two reasons for this: firstly, previously
high rates of deforestation meant that most households only have access to poor
quality, inaccessible or immature timber. The rapid deforestation in the Southern
collective forest provinces has been documented by Rozelle et al. (2000), and the
responses to our household survey also indicated that much of the timber on the
respondents’ forest land had already been harvested. The second reason for the low
share of timber in total incomes was that structural changes were already occur-
ring in the rural economy, with the result that increasing proportions of household
incomes were coming from off-farm employment. This has meant that although
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increases in income from employment have been greater in NFPP areas, timber also
contributed to a smaller share of total household income by 2004 in non-NFPP areas.

The impact of previous deforestation on initial timber incomes may also provide
a partial explanation for the difference between our findings and those of previous
studies. Guizhou Province, where our study took place, is fairly representative of
the southern collective forest provinces in China, in terms of forest management
and past harvesting patterns. However, many of the other studies were carried out
in the south-western provinces of Sichuan and Yunnan, which have historically had
different patterns of forest management and land use. In particular, deforestation and
forest degradation have been more severe in the southern provinces. In the south-
western provinces, forest cover remains higher therefore the potential for house-
holds to earn income from timber activities, and correspondingly the potential losses
from a ban on those activities, is greater. The findings of this study therefore can to
some extent be extrapolated to other southern forest provinces, but the impacts may
be different in the southwest provinces. The impacts in the forest region of northeast
China are expected to be yet more different because the forests are state, rather than
collective, owned and managed and because alternative employment opportunities
are much more limited.

The other difference between this study and previous studies is that total incomes
are found to increase as a result of the NFPP instead of fall. This is contrary to
the qualitative studies cited in Section 11.2 and also to the views held, for exam-
ple by county level forestry officials who were interviewed as part of this project.
One factor is likely to be that those interviewed in a case study setting about what
they believe to be the impacts of the programme assume that there must have been
income losses because households are no longer able to undertake income generat-
ing activities that they were previously allowed. However, this does not take account
of the alternative uses for the labour that was previously used for forest activities. An
important implication of this is that in order to understand the equilibrium effects
of a programme on household incomes as opposed to simply the direct effects, it
is necessary to collect data on total sources of income as the final impacts may be
different to the timber income impacts in isolation.

Lastly, in this chapter we considered how labour that is no longer required for
timber management and harvesting is reallocated into alternative activities. We find
that the reduction in forest activities has been associated with a rise in off-farm
employment, specifically outside the village. The standard model of labour alloca-
tion would predict the effect on employment, but would not suggest an increase in
overall household income. However, where households make labour allocation deci-
sions, in particular those relating to migration out of the village, factors other than
relative earnings in alternative activities will be taken into consideration. House-
holds are assumed to compare all monetary and non-monetary costs and benefits of
migrating versus not migrating. If expenditure on travelling to sources of off-farm
employment, higher costs of living in the destination locations, or poorer living con-
ditions away from the village are important, household members may not migrate
even with the potential for higher earnings. However, a drop in forest-related income
would lead to migration by members of marginal households, and in this context,
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would result in an increase in overall income. Despite this increase in income, we
cannot assume that the overall welfare of the household has been increased.

There are a number of final caveats to bear in mind. The first of these is that the
results in this chapter represent average impacts across households. Some house-
holds are likely to have been affected to a greater extent than suggested, because
they have previously specialised on timber production and have lost investments, or
because their alternative income generation opportunities are more limited. The first
of these may have implications for the long term environmental impacts of the pro-
gramme. If the ban creates disincentives to invest in timber plantations then forest
cover will not increase over time without the continuous involvement of the state.
The second factor is important in relation to poverty alleviation in rural areas such
as those where the NFPP has been implemented.

Another caveat is that these results pertain to a specific province in China. We
have argued that they may be broadly representative of the southern collective forest
areas. However, the different socio-economic, institutional and environmental con-
ditions in the southwest and northeast forest areas of China mean that the effects of
the ban may have been different.

A final issue is that even if the ban on logging does not reduce household incomes
overall, it can be argued to infringe on the rights that the households hold to forest
land. Through the Household Responsibility System, they were allocated the rights
to harvest timber on their plots of forest land, and in many cases provided contracts
for 30 years or more. That land use rights have been removed without compensation
may have implications in terms of equity or in terms of incentives to sustainable
manage forest or other types of land in future.
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Land Conversion Program (SLCP), the Desertification Combating Program around
Beijing and Tianjin (DCBT), and the Wildlife Conservation and the Nature Reserve
Development Program (WCNR). In addition to improving the environmental and
resource conditions, a frequently reiterated goal of these PFPs is to enhance the
income of rural residents. Thus, a question of great interest is: How has imple-
menting the PFPs affected the farmers’ income and poverty status? The objective
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12.1 Introduction

China has achieved spectacular economic growth since it initiated economic reforms
in 1978. The total gross domestic product (GDP) in 2000 grew to more than seven
times that in 1979; and it further increased by 74.5% from 2000 to 2006, when
it reached almost 21 trillion yuan. Similarly, farmers’ annual per capital income
increased from 134 yuan in 1978 to 3,587 yuan in 2006 (China National Statistics
Bureau, or CNSB, 2007). Based on the national standard, China’s population living
in absolute poverty was over 250 million in 1978, but was reduced to 21.5 million
by the end of 2006 (CNSB, 2007).

Despite these tremendous successes, poverty, especially in the rural areas of
western China, remains a troublesome problem. According to the World Bank, rural
residents in China living below its poverty line of $1 per day still amounted to 135
million in 2004 (Chen & Ravillion, 2004). The “Human Development Report 2005”
of the United Nations Development Program (UNDP) noted that the pace of poverty
alleviation in China has slowed down markedly over the last decade (UNDP, 2005).
Obviously, how to further reduce rural poverty and increase farmers’ income is still
a top priority in China.

Often, remote and mountainous areas are connected with both abundant forests
and acute poverty (FAO, 2006; World Bank, 2000). In China, most of its 592 poverty
countries are found in these areas (State Forestry Administration, or SFA, 2003).
Indeed, in many impoverished areas, forestry is the main source of income for farm-
ers (Liu & Lü, 2008). In the late 1990s, the Chinese government initiated some
new programs and consolidated other existing programs of ecological restoration
and resource development in its forest sector, and named them as “Priority Forestry
Programs,” or PFPs (SFA, 2002). In addition to improving the environmental and
resource conditions, a frequently reiterated goal of these PFPs is to enhance the
income of rural residents (SFA, 2002). Thus, a question of great interest is: How
has implementing the PFPs affected the farmers’ income and poverty status? The
objective of this chapter is to address this question empirically.

Natural disasters in the late 1990s intensified an environmental debate in China
and triggered the government to initiate the Natural Forest Protection Program
(NFPP) in 1998 and the Sloping Land Conversion Program in 1999 (Yin, Xu, Li, &
Liu, 2005). Following successful piloting during 1998–1999, the NFPP was for-
mally launched in 2000, with an initial investment of 96.4 billion yuan for the decade
(Yin & Yin, 2008).1 A key component of the NFPP is logging bans over 30 million
ha of natural forests in the upper reaches of the Yangtze River and the upper/middle
reaches of the Yellow River. In other areas, harvest restrictions are imposed. The
SLCP was piloted in Sichuan, Shaanxi, and Gansu provinces in 1999.2 The primary
goal of the program is to convert 14.6 million ha of sloping and desertified farmland

1 This is equivalent to roughly US$14.1 billion given the current exchange of $1 = 6.85 yuan.
2 Also known as the “Grain for Green” program in the international literature.
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into forest and grass coverage from 2001 to 2010. When it was formally launched
in 2002, the SLCP was expanded to 25 provinces, with an original budget of 225
billion yuan (Yin & Yin, 2008).

In addition to the above two mega-programs, a number of other efforts of eco-
logical restoration and forest expansion have been consolidated into the following
four programs: the Desertification Combating Program around Beijing and Tianjin
(DCBT), the Shelterbelt Development Program in the Three-Norths3 and the
Yangtze River Basin (SBDP), the Wildlife Conservation and Nature Reserve Pro-
gram (WCNR), and the Industrial Timber Plantation Program (ITPP). Together
with the NFPP and the SLCP, these programs comprise the six PFPs (SFA, 2004,
2005), which are implemented for the purpose of improving the environmental
conditions, increasing farmers’ income, and boosting domestic timber supply. The
different policy arrangements in implementing these six PFPs are summarized in
Table 12.1.

Table 12.1 Key Policy Measures of the PFPs

Program Key policies

Sloping Land
Conversion Program
(SLCP), covering 25
provinces during
2001–2010

• Sloping or desertified cropland is converted into ecological
and/or economic forest, and grassland; ecological forest
should account for 80% of total converted land.

• The central government subsidizes farmers in the form of
seeds or seedlings, grain, and cash.

• Subsidies last 8 years for ecological forest, 5 years for
economic forest, and 2 years for grassland. The annual cash
subsidy is 300 yuan/ha, and the annual grain subsidy is
1,500 kg/ha in the Yellow River basin and 2,250 kg in the
Yangtze River basin.

• The central government also makes fiscal transfers to
compensate the entailed losses to local fiscal revenues.

• Estimated total investment is 225 billion (US$32.8 billion).

Natural Forest
Protection Program
(NFPP), covering 17
provinces during
2000–2010

• Complete ban on commercial logging in the upper Yangtze
and middle Yellow River basins and sharp reduction in
commercial harvests in other program areas.

• Shutting down of certain processing facilities, compensating
logging firms, and disposing displaced workers and
equipment.

• Promotion of afforestation and forest management wherever
possible.

• Strengthening administration and law enforcement, including
forest protection.

• Restricting the forest industry, and improving the efficiency of
timber utilization.

• Initial investment commitment is 96.4 billion (US$14.1
billion).

3 The “Three Norths” are the northwestern, north-central, and northeastern regions of China.



204 C. Liu et al.

Table 12.1 (continued)

Program Key policies

Wildlife Conservation
& Nature Reserve
Development
Program (WCNR),
scattered all over the
country during
2001–2050

• Priority protected areas are administrated by the central
government, while smaller and less critical areas are managed
by the local governments.

• Established reserves will reach 1,800 by 2010, 2,000 by 2030,
and 2,500 by 2050.

• Wetland protection and restoration, ecotourism development,
and wildlife breeding.

• Encouraging domestic and international participation and
contributions, including broad involvement of the private
sector.

• Balancing ecosystem conservation with socioeconomic
development.

• Strengthening the role of science and technology, particularly
nature reserve and biodiversity monitoring and evaluation.

• Total planned investment is 135.65 billion yuan (US$19.8
billion), with the central government covering 66.44 billion
yuan.

Shelterbelt
Development
Program (SBDP),
covering all 31
provinces during
2001–2010

• Including shelterbelt programs in the Three Norths
(northwest, north, and northeast), the Yangtze River basin, the
Zhujiang River basin, and the Taihang Mountain Range.

• Mobilization of public agencies, civil society, individuals to
contribute to the shelterbelt development and tree planting.

• Encouraging local government investment and local labor
contribution, and adopting new silvicultural techniques.

• Total planned investment is 70 billion yuan (US$10.2 billion).

Desertification
Combating around
Beijing and Tianjing
(DCBT), including
Inner Mongolia,
Hebei, Shanxi,
Beijing, and Tianjin
during 2001–2010

• Converting desertified land into forestland and grassland by
means of flexible and diversified measures based on the local
conditions.

• Changing herding and animal husbandry practices to control
overgrazing and rehabilitate degraded grassland.

• Developing irrigation projects, and resettling people away
from fragile areas.

• Extension of suitable production technology and energy
sources.

• Establishing desertification monitoring and dust storm
forecasting systems.

• Total projected investment is 57.7 billion yuan (US$8.4
billion).

Industrial Timber
Plantation
Development
Program (ITPP),
covering 18
provinces during
2001–2015

• Market-driven and profit-orientated efforts for increasing
domestic timber supply.

• As high as 70% of the investment may come from subsidized
National Development Bank loans, with 20% from direct
government funding and 10% from other sources; in addition,
tax incentive is provided.

• Encouraging active participation by various enterprises – state
or collectively owned, shareholder based, or fully private.

• Planned area of establishment is 4.69 million ha by 2005, 9.2
million ha by 2010, and 13.33 million ha by 2015.

• Projected total investment is 71.8 billion (US$10.5 billion).
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Several scholars have investigated the impact of the SLCP on farmers’ income
and livelihoods. In addition to examining its cost effectiveness and sustainability,
Uchida, Xu, & Rozelle (2005) and Uchida, Xu, Xu, and Rozelle (2007) analyzed its
influence on eradicating poverty in the countryside. They found that the program has
been successful in poverty alleviation, even though poor households may not have
benefited the most. Further, their evidence shows that rural households participating
in the program have already begun transferring their labor to non-farming sectors
more rapidly than those not participating in the program. In contrast, using data
collected from Sichuan, Shaanxi, and Gansu for the first few years of the program,
Xu, Tao, & Xu, (2004) found that it made little difference in affecting farmers’
income between non-participating and participating households. Their conclusion
thus suggests that the SLCP’s role in relieving poverty is limited; the reduction
of poverty is more likely driven by the overall economic development, which pro-
vides greater opportunities to farmers, rather than the direct subsidies of the land
conversion.

Observers also point out that in some cases, the goal of the program is not well
understood by farmers; and it may even be inconsistent with their aspirations, which
have affected their enthusiasm for participation (Du, 2004). According to Xu (2003),
the main reasons that some farmers lack interest in the program are partly because
the subsidies are not delivered on time and in full, and partly because no appropri-
ate remedies were put in place to address the restrictions on intercropping in the
forested land and gathering fuelwood. These factors have led to an adverse effect on
the livelihoods of the farmers, who not only rely heavily on forest resources but also
tend to be among the poorest rural population (Hu, 2002). Based on the case stud-
ies of Nujing and Baoshan in Yunnan, Weyerhaeuser, Wilkes, & Kahrl (2005) also
revealed negative impacts of the SLCP and the NFPP on the livelihoods of highland
communities.

On the other hand, the study by Zhi & Shao, (2004) claimed that the income
of farm households would be significantly improved during the time when they
receive the government compensation. If the subsidies are terminated after the pro-
gram expires in 5–8 years and farmers are not allowed to utilize their retired lands
for economic purposes, they could suffer a loss. In the authors’ opinion, the pol-
icy that mandates that the proportion of economic forest be no more than 20% has
failed to consider the regional disparity and the basic fact that the country has a
large rural population but a relatively small amount of cropland. Thus, the govern-
ment must take steps to improve farmland quality and increase farming productivity
in order to address the problem of food supply following the land conversion. Li
(2001) further proposed that the SLCP should be made up of two explicit, com-
plementary parts – a restoration component pursuing ecological benefits and a pro-
duction component pursuing economic benefits. He also argued that the short time
of compensation is a constraint to livelihood improvement, which is in sharp con-
trast with the 30-year compensation of a similar conservation program in the United
Kingdom.

Compared to the SLCP, there have been fewer studies of the socioeconomic
impacts of the NFPP and other programs. Using household data, Liu et al. (2005)
and Ni, Wang, & Yang (2002) found that the NFPP had a negative effect on the
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income of farmers living close to the protected natural forests. With data from 18
counties in Shanxi, Inner Mongolia, and Hebei, Liu and Zhang (2006) showed that
the DCBT had a positive effect on farmers’ income, but the effect varied from
county to county, due in part to uneven program investments. However, they did
not consider all of the main factors affecting farmers’ income, including produc-
tion inputs and household characteristics. In addition, little work has been con-
ducted so far to make a comparative analysis of the impacts of the PFPs. In
fact, most of the existing studies have focused on a single PFP, with few stud-
ies dealing with two. This is unfortunate given the fact that these PFPs have all
somehow affected farmers’ income and their impacts may be interlinked and vari-
able. While some programs have positive income impacts, others can cause neg-
ative or insignificant effects. So, if we consider the impact of only one or two
programs, we may derive biased results and thus misunderstand the impacts of
different PFPs.

Here, we use a fixed-effect model to estimate the income impacts of the six
PFPs, with a panel dataset of over 2,100 households in ten counties of four
provinces. Broader cross sections and longer time series are two unique features
of the dataset. That is, every sample county has at least two PFPs and covers a
period of 10 years from 1995, before the PFPs were initiated or consolidated, to
2004, when their implementation was well underway. By removing the influence
of control variables, including production inputs and household and village char-
acteristics, based on such a large dataset, our model enables us to identify the
specific effect of each program on farmers’ income in an unbiased and robust
way. Our results indicate that different programs have quite different impacts.
While the WCNR has a negative impact on household income and the effect of
SBDP is insignificant, other PFPs have made positive contributions to household
income, among which the SLCP has the largest impact on household income, fol-
lowed by the DCBT. The NFPP also has a positive effect on farmers’ income,
contrary to what has been found previously. The chapter is organized as fol-
lows: The next section is devoted to method and data, the third section reports
our empirical results, and we present our conclusions and discussion in the final
section.

12.2 Method and Data

Generally speaking, farmers’ income is determined by their production inputs and
other biophysical and socioeconomic factors. Production inputs constitute labor,
capital, and land. Included in land are farmland, forestland, and other land mainly
for growing vegetables and fruits. In addition, land-based production activities entail
cash outlays for commercial seeds, fertilizers, plastic sheets, and the like. More-
over, household and village characteristics affect farmers’ income. For example, as
part of the human capital, educational attainment is an important household feature
(Schultz, 1964). And biophysical and institutional variables at the village level, like
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plot size of farmland,4 topography, and road condition, are also relevant to income
determination. Of course, implementing the six PFPs have affected farmers’ income
(see Table 12.1), even though the direction and magnitude of each program’s impact
may differ.

To summarize, it can be stated that farmers’ income (R) is principally a func-
tion of production inputs (X1, . . ., Xj, . . ., XJ), household and village characteristics
(Y1, . . ., Yk . . ., YK), and engagements in the PFPs (Z1, . . ., Zm, . . ., ZM). So, our
conceptual model is:

Rit = eα0
∏J

j=1
X

αj
it

∏K

k=1
Yβk

k

∏M

m=1
Zγm

mt ϕit (12.1)

where i is the ith sample household (i = 1, 2, . . .I), t is the time period (t = 1, 2,
. . ., T), αj, βk, and γ m are coefficients to be estimated, and φit is the error term that
is assumed to be independent and identically distributed.

In accordance with the distributions of farmers’ incomes and the six PFPs,
we selected the following ten counties in Jiangxi, Hebei, Sichuan, and Shaanxi
provinces for our surveys, using a stratified random sampling method: Zhangbei
and Pingquan in Hebei; Xiushui, Xingguo, and Suichuan in Jiangxi; Zhen’an and
Yanchang in Shaanxi; and Nanbu, Nanjiang, and Mabian in Sichuan (see Table
12.2). These are national poverty counties, where agriculture still is a major source
of income, accounting for more than one-third of their GDP. Implementing the PFPs,
especially the SLCP, has caused a sharp farmland reduction. For instance, the share
of farmland in the sample counties of Sichuan has declined from 39.6% in 1998
to 26.0% in 2004 and the share of farmland in the sample counties of Shaanxi has
declined from 37.3% to 21.5% during the same period. In turn, this has resulted

Table 12.2 Participation of Sample Counties in the PFPs

Province county NFPP SLCP DCBT WCNR ITPP SBDP

Hebei Zhangbei × √ √ × × √
Pingquan × √ √ × × √

Jiangxi Xiushui × √ × × √ √
Suichuan × √ × × √ √
Xingguo × √ × × √ √

Shaanxi Yanchang
√ √ × × × √

Zhenan
√ √ × √ × √

Sichuan Mabian
√ √ × √ × √

Nanbu
√ √ × × × √

Nanjiang
√ √ × × × √

Note:
√

indicates that the sample county participates in the PFP; × indicates
otherwise.

4In implementing the household responsibility system in the late 1970s and early 1980s, farmland
and forestland were divided into small plots and then allocated to individual families.
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in a reduction of food production and income generated from farming. Except for
Zhangbei, where three townships were selected, six townships were chosen in each
county. We conducted surveys of 2,700 households in 171 villages of 57 townships.
The data cover 10 years from 1995 to 2004.

After removing those with incomplete information, we had over 2,100 valid
household surveys for this study – the specific number of valid surveys differed
from year to year (see Table 12.3). Over the whole sampling period, more and
more households were involved in the PFPs as these programs were implemented;
and, while some participated in multiple PFPs, others did not participate in any of
them. Table 12.3 also indicates that a large number of households took part in the
NFPP and the SLCP, but only a few took part in the SBDP and none in the ITPP.
It seems odd that only a few sample households were involved in the SBDP, which
is widespread. This is due in large part to the fact that protective shelterbelts are
mostly established on public lands, instead of lands devolved to households. Sim-
ilarly, as a consequence of the limited extent of the ITPP in combination with our
random drawing, the ITPP was not captured by any sample households. Thus, it will
be excluded from the following empirical estimation.

Included in the data are total household income; farmland area, forestland area,
and area of other land mainly for home gardening; labor inputs, including land-
based labor use, labor use for other local production activities, and labor for off-
farm employment; cash outlays for land-based activities, such as expenses for
commercial seeds, fertilizers, plastic sheets, and pesticides; and PFPs’ activity

Table 12.3 Distribution of Valid Sample Households by PFPs

SLCP

Year NFPP Overall
Yellow River
basin

Yangtze
River basin DCBT WCNR SBDP Total

1995 78 2,137
1996 78 2,140
1997 8 8 78 1 2,151
1998 615 10 10 80 1 2,173
1999 619 364 136 228 82 1 2,212
2000 1,032 536 186 350 87 1 2,252
2001 1,033 597 186 411 1 87 1 2,268
2002 1,045 782 217 565 126 87 8 2270
2003 1,043 985 235 750 225 88 11 2,223
2004 1,046 951 203 748 236 88 9 2,232

Notes:
1. NFPP, SLCP, DCBT, WCNR, and SBDP represent, respectively, the Natural Forest Protection
Program, the Sloping Land Conversion Program, the Desertification Combating Program around
Beijing and Tianjin, the Wildlife Conservation and Nature Reserve Program, and the Shelterbelt
Development Program in the Three-Norths and the Yangtze River Basin.
2. The Industrial Timber Plantation Program was not included because none of the sample house-
holds participated in it. While the SBDP is widely distributed, it was not much captured at the
household level given the nature of the project.
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variables – effective area enrolled in each program, except for the WNRP, for which
the relevant variable is defined as the inverse of the distance to the nearby nature
reserve. Information on family characteristics, such as household size, education of
household head, and status as a village leader or party member, was also gathered.
Similarly, village-level features, such as topography (i.e., plain, hill, or mountain),
distance to the nearest township, and road condition, were captured. Additionally,
we obtained information regarding the average size of forestland and farmland per
plot of the sample households, which can partially reflect the production efficiency
and economies of scale of agriculture and forestry. Total incomes and cash outlays
of sample households are deflated and converted to the 1994 constant yuan, using
the rural consumer price index and rural industrial product price index from the
Chinese Statistical Yearbooks published by the China National Statistical Bureau
(http://www.stats.gov.cn).

Preliminary statistics of the household data for 1995 and 2004 are summarized in
Table 12.4. Due to sample differences in biophysical and socioeconomic conditions,
the data have large variances. However, our data description below focuses on their
mean value changes over time. The average household income grew from 4,291.1
yuan in 1995 to 7,569.2 yuan in 2004. The mean farmland reduced from 9.5 mu
in 1995 to 5.5 mu in 2004; in the meantime, the average forestland increased from
10.5 mu to 15.2 mu, and the mean of other land increased from 0.4 to 2.5 mu. 5

Clearly, much of the lost farmland has been converted into forestland or other land.
The mean area of farmland per plot declined from 1.6 mu in 1995 to 1.4 mu in 2004,
while the mean area of forestland per plot increased from 3.7 to 4.4 mu during the
same period. Labor input for land-based activities declined slightly, and it more
than doubled for off-farm activities. Expenditure for fertilizers, seeds, and other
cash inputs increased significantly as well. In 2004, the average area enrolled in
the SLCP in the Yellow River basin was 7.2 mu, while the figure in Yangtze River
basin was 2.1 mu. This indicates that farmers in the former region have benefitted
more than those in the latter, even though grain subsidy in the latter is a bit higher
(see Table 12.1). The density distributions of household income for 1996 and 2001,
which are nearly normal, are given in Fig. 12.1.

Following log transformation and adding a time trend variable to capture the
effect of technical and institutional changes on household income, our empirical
model is specified as:

In Rit = α0 + α1 In X1it + α2 In X2it + · · · + α7 In X7it + β1 In Y1it + β2 In Y2it + · · ·
+β5 In Y5it + γ1 In Z1it + γ2 In Z2it + · · · + γ10 In Z10it + θT + ϕit

(12.2)

A detailed definition of the variables is listed in Table 12.4 as well. T = 1,
2, . . ., 10 is the time trend variable for 1995–2004. To be sure, dummy variables
should be added to deal with potential spatial heterogeneity. One way is to divide

51 mu = 1/15 ha. We use “mu” here for the purpose of facilitating the readers to understand the
variations of the very small household land holdings in China.
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the ten counties in terms of their location in the Yangtze River basin or the Yellow
River basin, because the two basins have different natural and socioeconomic condi-
tions. Another way is to include dummies for individual counties. Thus, our model
features a fixed-effect specification of panel data, which suggests that household
income is a function of production inputs, areas enrolled in the PFPs, and other con-
trol variables, including a time trend and regional dummies as well as household
and village characteristics.

12.3 Empirical Results

Our fixed-effect empirical model was estimated with the ordinary least square tech-
nique. Regression results are summarized in Table 12.5. Four alternative estimations
were executed according to our dummy variable selection and the SLCP compen-
sation variation. In the first two regressions, spatial heterogeneity was considered
based on whether a household is located in the Yangtze River or Yellow River basin.
In the last two regressions, spatial heterogeneity was captured with dummies for
individual counties. Under each alternative of regional dummy choice, two scenar-
ios were further considered for the SLCP compensation variation, given that the
program adopts different standards of subsidy for the Yangtze River and the Yellow
River basin.

Results of the four alternative models are remarkably consistent. While the R2

values are somewhat low – below 0.4, they are acceptable given the great vari-
ations of geography and economy. Among all the production inputs, the coeffi-
cients for farmland, other land, labor for other local production, labor for off-farm
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employment, and cash expenditure are significant under all scenarios. The elastici-
ties of these variables range, respectively, from 0.088 to 0.069 for farmland, 0.025
to 0.032 for other land, 0.051 to 0.055 for labor for other local production, 0.075 for
labor for off-farm employment, and 0.049 to 0.053 for cash production expenditure.
In comparison, forestland and labor for farming have very small positive coefficients
that are significant in two of the four regressions each. The elasticity of forestland
ranges from 0.005 and 0.021, whereas that of labor for farming ranges from 0.005
to 0.011.

Of the five PFPs included in our regressions, the WCNC has a negative effect on
household income at the 99% confidence level. As expected, the closer a household
is to a natural reserve, the lower its total income. In contrast, the contributions of the
SLCP and the DCBT to total household incomes are the largest – their coefficients
range from 0.124 to 0.131 for the SLCP and from 0.029 to 0.039 for the DCBT.
The breakdown of the SLCP further shows that it has a larger positive impact in the
Yellow River basin, compared to that in the Yangtze River basin, conforming our
observation that households in the Yellow River basin had a much larger amount of
farmland converted, but their average income level is markedly lower (SFA, 2005).
And this observation is reinforced by our finding of the spatial heterogeneity – the
total income of a household located in the Yangtze River basin is 24–28% higher
than that in the Yellow River basin. Similarly, the coefficients of dummy variables
for individual counties are all significant at 95% confidence level or higher. To save
space, however, they are not reported here. The coefficient of the NFPP is positive
and significant at the 90% confidence level at the least. While it contradicts with the
negative impact reported in the literature (Xu et al., 2004; Liu & Zhang, 2006; Du,
2004), it is very small. Finally, the coefficient of the SBDP is insignificant under any
of the scenarios.

Our estimated coefficients of the household and village characteristics reveal that
years of household head schooling and family size have significantly positive effects
on income. The coefficient of the former is 0.079–0.093, and that of the latter is
0.245–0.256. This indicates that the higher the education attainment of the house-
hold head and the larger the family size, the greater the household income. On the
other hand, the average sizes of the farmland and forestland plots are negatively cor-
related with household income, with a coefficient ranging from –0.071 to –0.124 for
the average farmland plot size and from –0.034 to –0.062 for the average forestland
plot size. These results suggest that small and fragmented land holdings are detri-
mental to income growth. Compared to a village located in a plain, one located in a
mountainous or hilly area is disadvantaged in family income generation by a mar-
gin of 16–27% and 14–16%, respectively. Moreover, a better road condition makes
a 7–8% contribution to household income.

Notably, a household head being a village leader or Communist party member is
also beneficial to family income. These indicators of status can result in an income
increase of 13–16% and 7–10%, respectively. Also, the strongly positive coeffi-
cient of time trend indicates that technical and institutional changes have facilitated
income growth by almost 5% a year. The coefficient of distance from a village to its
nearest township has the correct negative sign, but it is insignificant.
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12.4 Conclusions and Discussion

This study was motivated by our observation that while it is of broad interest and
great relevance to compare and contrast the income impacts of China’s Primary
Forestry Programs, little has been done along this direction of research. So, the first
thing we did was to build a large panel dataset based on an appropriate sampling
and enumerating approach. To that end, we gathered survey information from more
than 2,100 households in ten counties and for a period of 10 years (1995–2004).
In addition to household income, included in our data are an exhaustive number
of variables of production inputs, program engagements, and household and village
features. Then, we estimated a fixed-effect model of multiple specifications to inves-
tigate the income determinants, including the PFPs. These steps have allowed us to
derive a rich and interesting set of empirical results.

First, it is found that the ecological restoration and resource development pro-
grams have affected household incomes in different ways. While the WCNR has
had a negative impact on household income, three other programs – the SLCP, the
DCBT, and the NFPP – have made positive contributions. Among them, the SLCP
has the largest effect on household income, followed by the DCBT. These highly
significant effects are consistent with both the heavy government subsidies and the
findings by others (Uchida et al., 2005; Yao, Guo, & Huo, 2008). While these effects
were anticipated, the positive effect of the NFPP contradicts what has been reported
in the literature (Xu et al., 2004; Wu & Liu, 2002). It is true that at the beginning
of the NFPP, sudden logging bans and forestry activity contractions inflicted a lot
of hardship on the local farmers. However, later the government hired local farm-
ers for forest protection and management and relaxed timber harvest restrictions in
non-state forests that are subject to the NFPP coverage.

More importantly, the NFPP has triggered an adjustment to the local economic
structure, including moving away from forestry-related production and from local
employment. Now, income generated from off-farm activities accounted for about
a half in the sample counties of Sichuan and 40% in the counties of Shaanxi. And
the time period of our data is longer than that used in other studies, permitting us to
capture the induced income effect in more recent years. So, the positive but small
effect of the NFPP seems plausible.

Additionally, the SBDP has little impact on household income, which is reason-
able given the smaller amount of public investment that is scattered over a broad
area. From the perspective of poverty reduction and livelihood enhancement, this
finding suggests that the government may rethink its practices – whether and how
the program can be more concentrated and better executed. As to the WCNR, a key
question is how the government can more effectively integrate nature conservation
with economic development to mitigate the negative impact of excluding or restrain-
ing local farmers’ access to nature reserves. Certainly, it is our view that the effec-
tiveness of the SLCP, the DCBT, and the NFPP can and should be improved as well.

Overall, the contributions of various production inputs are in line with our
expectations. Notably, farmland has a large impact on income because farming
remains the major source of income. Meanwhile, it appears that other land for
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home gardening, while small in amount, has a large impact on income, given its
intensified use in growing more profitable cash crops. Likewise, labor for off-farm
employment plays a major role in family income generation. These results imply
that more attention should be directed to increasing income from cash crops and
off-farm employment. The significant effect of the time trend variable shows that
technical and institutional changes have contributed to household income growth.
In conjunction with our finding of household head schooling, this suggests that edu-
cation, professional training, and extension service should be strengthened in the
future. On the other hand, because of the limited farmland, the abundantly available
work time for farming does not contribute to income generation at the margin, con-
firming what has been extensively documented (e.g., Liu & Yin, 2004). Likewise,
forestland makes a very small contribution to income. While the share of forestry
income (including subsidies of PFPs) has also increased from 0.9% in 1999 to 1.9%
in 2006 nationwide, it remains a fairly tiny component of household income (CNSB,
2007). Clearly, how to increase farmland and forestland productivity is a challenge
to continued income growth and livelihood improvement.

Also as expected, household size has a positive impact on income, which is a
reflection of the fact that the original land devolution was based partially on house-
hold size. The larger the household, the more land it got. Of course, the larger
the household, the more laborers it has as well. But because of land fragmenta-
tion caused by how the household responsibility system was implemented a quar-
ter century ago, it is unsurprising to find that the average sizes of farmland and
forestland per plot are negatively correlated with household income. Similar evi-
dence is also reported by Chen and Brown (2001). This indicates a strong need to
address the question of how to consolidate land uses and improve their efficiency
and productivity. While the Chinese government has been making efforts along this
direction as part of its strategy of rural development, our results reinforce their
importance.
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Chapter 13
Agricultural Productivity Changes Induced
by the Sloping Land Conversion Program:
An Analysis of Wuqi County in the Loess
Plateau Region

Shunbo Yao, Hua Li, and Guangquan Liu

Abstract The goal of this chapter is to exam the agricultural productivity change
induced by the Sloping Land Conversion Program (SLCP), using the Malmquist
index method and household data collected from Wuqi. We find that during the
period of 1998–2004, the total factor productivity (TFP) grew by 15.8%. While
numerous households suffered a TFP decline, the majority of them experienced
a large gain. By decomposing the TFP, we further show that its increase is due
exclusively to the improvement of technical efficiency, rather than to technological
change. To validate these findings and put them in perspective, we also estimated
the TFP change with county-level aggregate data. It is revealed that driven by tech-
nological change and scale efficiency, the TFP grew slightly during the period of
1992–1998; because of the tremendous cropland reduction and production mode
shift caused by implementing the SLCP, the TFP declined substantially during
the first 3 years of the program; due to continued improvement of technical effi-
ciency, however, its growth accelerated later. Altogether, our evidence consistently
shows that implementing the SLCP has contributed to the agricultural TFP growth
in the longer term, and that the efficiency improvement has resulted mainly from
the increased public expenditures for extension services and diffusion of technical
knowledge. Wuqi’s experience proves that it is possible to achieve environmental
conservation and productivity increase simultaneously, even facing a huge cropland
reduction and production mode alternation.
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13.1 Introduction

In 1999, the Chinese government initiated the Sloping Land Conversion, or Grain
for Green, Program (hereafter, SLCP) to retire and rehabilitate farmland that has
been degraded primarily as a result of soil erosion, induced by water runoffs and
wind damages (Yin, Xu, Li, & Liu, 2005). As the largest ecological restoration pro-
gram in the developing world, the SLCP aims to reverse the environmental deterio-
ration while transforming the structure of the rural economy and improving farmers’
livelihoods in western China (SFA, 2003). Even though there have been studies of
its socioeconomic impacts, few have analyzed the changes in agricultural produc-
tivity induced by implementing the SLCP. The objective of this chapter is to fill this
void in the literature.

Several articles have provided a clear and complete description of the SLCP
in terms of its geographic coverage, technical measures, participation subsidies,
and implementation effectiveness (e.g., Yin & Yin, 2008; Bennett, 2007; Xu, Yin,
Li, & Liu, 2006). Moreover, many scholars have investigated its impacts on income,
employment, cost efficacy, and food supply. Using household survey data, Uchida,
Xu, Xu, and Rozelle (2005) found that 40% of the plots enrolled in the program
had a yield lower than the level of compensation, implying that there was a signifi-
cant degree of over compensation. Based on the purchase power parity, they further
demonstrated that the average compensation is 50% higher than the budgetary out-
lay of the Conservation Reserve Program (CRP) in the US. These results indicate
that the Chinese government might be able to generate fiscal savings if the payments
could be made to more accurately reflect the variation in the opportunity costs of
different plots.

Using similar difference-in-differences models and household surveys, Xu, Tao,
and Xu, (2004) showed that over the period of 1999–2003, the growth rates in aver-
age income varied across regions, but the overall impact of the SLCP on partici-
pants’ income is statistically insignificant. In contrast, based on panel data and a
fixed-effect model, Liu and Zhang (2006) detected a positive impact of converting
farmland to forestland on household income in the vicinity of Beijing and Tian-
jin. According to their estimation, household income would be 17.4% higher if the
sample village had introduced the program 1 year earlier. Using quartile regressions,
Zhang, Swanson, and Kontoleon (2005) confirmed that the SLCP is making a sig-
nificantly positive impact on the incomes of poor farmers. In another study, Xu, Yin,
and Zhou (2007) illustrated that the SLCP has contributed to the social transforma-
tion of the traditional rural society by enabling the workers freed up from farming
to seek off-farm jobs in or outside of the locale.

Additionally, scholars have examined the potential effect of the program on food
security. Using a multi-objective programming model, Feng, Yang, Zhang, Zhang,
and Li (2005) simulated the impact of the SLCP on China’s grain supply in the upper
reaches of the Yangtze River and the Yellow River. They found that this impact
was in the range of 2–3%, suggesting that the SLCP might not have a major effect
on China’s grain supply. But the impact in certain local areas can be significant.
Under modified assumptions regarding farmers’ production behavior, such as their
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response to price changes, Xu et al. (2006) revealed that the SLCP has an even
smaller effect on China’s grain production and little influence on prices or food
imports. These results thus suggest that implementing the SLCP has not led to a
decline of the agricultural production that is in proportion to the farmland reduction.
Nevertheless, it remains unclear whether and to what extent implementing the SLCP
has potentially affected agricultural production. Therefore, this study is motivated
to address these questions empirically.

Of course, as a result of retiring degraded croplands and converting them into for-
est and grass coverage, the land base for farming is reduced and the production mode
is altered. However, the reduction of farmland and the alteration of production mode
should not inevitably lead to a proportionate decline of the agricultural production if
a combination of different components of productivity – technical efficiency, tech-
nological change, and scale economy (Färe & Grosskopf, 1992) – can offset the
negative effects caused by implementing the SLCP. If the agricultural productivity
has indeed been adversely impacted, then it will have undesirable consequences to
food security, farmer income, and rural development (Lin, 1992; Liu, 2003), which
will in turn call into question the sustainability of the SLCP and other related efforts
of environmental conservation. Otherwise, if implementing the program has sig-
nificantly improved the agricultural productivity, or at least it has not resulted in a
decline of the agricultural productivity, then its design and execution are validated
– environmental improvement and economic growth can be accomplished simulta-
neously. Further, it is known that even if there has been a significant increase in the
aggregate agricultural productivity along with implementing the SLCP, the different
productivity components may have witnessed a variation in their individual paths of
change. It is also anticipated that not all of the sample units (rural households in this
case) have experienced a uniform pattern of performance shift.

In this chapter, we use the Malmquist index method and Wuqi county in Shaanxi
as a study site to estimate the changes in agricultural productivity and its compo-
nents induced by implementing the SLCP. Our primary data feature a large sample
of rural households in 1998, before the SLCP was initiated, and in 2004, when the
local land conversion was virtually completed. It is found that in contrast to its ear-
lier slow rate of growth, the total factor productivity (TFP) accelerated during the
period of 1998–2004. Also, although numerous households suffered a TFP decline,
a majority of them experienced a TFP gain. By decomposing, we further show that
the TFP increase is due exclusively to the improvement of technical efficiency, rather
than to technological change. Compared to their levels in 1998, technical efficiency
improved by 51.9%, whereas technological change declined by 23.8%.

The existence of technological regress indicates that implementing the SLCP
indeed caused a shock to the existing technology and a transformation of the produc-
tion mode. However, farmers could increase their productivity by improving their
efficiency of input use, with extension services and information diffusion provided
by local public agencies. Thus, it is possible to achieve environmental improvement
and productivity increase at the same time, even facing cropland reduction and pro-
duction mode alternation. The chapter is organized as follows. Before presenting our
empirical results, we will discuss our method and data used for measuring the TFP
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change. Finally, we will make some closing remarks and discuss the implications of
our work.

13.2 Method

Productivity is traditionally measured in terms of a single input factor, such as labor
productivity and land productivity. In reality, however, all productive factors – labor,
land, capital, and others – are utilized simultaneously, and substitution exists among
them. As such, TFP – a productivity measure involving all factors of production – is
preferred over a partial-factor productivity measure (Coelli, Rao, & Battese, 1998).
Simply put, the TFP of a firm is the ratio of the outputs that it produces to the inputs
that it uses. As already noted, TFP includes three components: technical efficiency,
scale economy, and technological change.

There have been numerous TFP studies. Some analyzed the efficiency and pro-
ductivity change of large agricultural enterprises during their transition to a market
economy (e.g., Lissitsa & Odening, 2005), while others investigated the sources of
sectoral growth in an economy (e.g., Gopinath & Roe, 1997). In the Chinese con-
text, most of the studies examined productivity growth over different periods of its
modern history (e.g., Yi, Fan, & Li, 2003), over different regions (e.g., Xu, 2005),
or the composition of different productivity components (e.g., Zhang & Shi, 2003;
Huang & Rozelle, 1996). Despite its policy relevance and urgent need, however,
little has been done to explore the gross and compositional productivity shifts in
agriculture, induced by implementing the SLCP. This is surprising in view of the
broad geographic scope of the program and its extensive conversion of croplands.

The Malmquist index (MI) method is a nonparametric measurement of produc-
tivity, and it is defined using distance functions, which allow one to describe a
multiple-input, multiple-output production technology without the need to specify
a behavioral objective (i.e., cost minimization or profit maximization). Further, dis-
tance functions are distinguished by orientation. An input distance function defines
the maximal proportional contraction of the input vector (x1 . . . xN), given an output
vector (y1 . . . yM). An output distance function considers a maximal expansion of
the output vector, given the input vector.

Assume that there are K firms (households in this case), the output distance func-
tion at period t is defined as:

Do (xt,yt) = inf {θ (xt,yt/θ) ∈ It,θ ≥ 0} (13.1)

where θ is a scalar, xtε RN+ and ytε RM+ are the input and output vectors at period t,
and It is the production possibility set, representing the set of all outputs, yt, that can
be produced with input vector, xt. The subset of It that features the maximum outputs
produced from a given combination of inputs is called the production frontier. As
shown in Fig. 13.1, the movement of a firm’s production in relation to the frontier
over time is called efficiency change, the movement of the frontier itself is called
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technological change, and the change in scale of operation is called scale economy
(Coelli et al., 1998; Managi et al., 2004).

The MI measures the TFP change between two data points by calculating the
ratio of the distances of each data point relative to a common technology. Because
the reference technology can be that of period s (the base period) or t (the current
period), there are two alternative productivity indices – one based on the base period
technology (Ms) and the other on the current period technology (Mt). Often, empir-
ical analyses take the geometric mean of the two to obtain a more stable result
MI

(
ys, xs, yt, xt

) = [Ms × Mt]1/2 (Färe & Primont, 1995). The output-oriented
Malmquist TFP index between period s and period t is then given by

MI(ys, xs, yt, xt) = [Ms × Mt]
1/2 =

[
d s

o (xt, yt)

d s
o (xs, ys)

× dt
o(xt, yt)

dt
o(xs, ys)

]1/2

(13.2)

where ds
o(yt,xt) is the distance from period t observation to period s technology. A

value of MI greater than one will indicate positive TFP growth from period s to
period t, whereas a value less than one indicates a TFP decline. Note that the first
TFP index in the brackets is evaluated with respect to period s technology and the
second with respect to period t technology.

No technical inefficiency is incorporated into Equation (13.2). In case there exists
technical inefficiency, the above equation becomes:

MI(ys, xs, yt, xt) = d t
o(yt, xt)

d t
o(ys, xs)

×
[

d s
o (xt, yt)

d s
o (xs, ys)

× d t
o(xt, yt)

d t
o(xs, ys)

]1/2

(13.3)

where the ratio outside the brackets measures the change in the output-oriented tech-
nical efficiency (TE) between period s and period t. If the TE change is greater than
one, then it suggests an efficiency improvement; otherwise, it indicates an efficiency
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deterioration. Also, the TE term can be further decomposed into “pure” efficiency
and scale efficiency (Coelli et al., 1998). Given the potential variability of opera-
tion scales, this decomposition is warranted if possible. The whole term inside the
brackets reflects technological change (TC). A TC value greater than one means a
technological progress; otherwise, it indicates a technological regress.

To estimate the MI, our first task is to obtain the four distance measures by solv-
ing the following linear programming problems:

[
d1

o (yt, xt)
]−1 = max

φ, λ
φ, s.t. − ϕyitλ + Ytλ ≥ 0, Xitλ − Xtλ ≥ 0, λ ≥ 0,

(13.4)

[
ds

o (ys, xs)
]−1 = max

φ, λ
φ, s. t. − ϕyisλ + Ysλ ≥ 0, Xisλ − Xsλ ≥ 0, λ ≥ 0,

(13.5)

[
dt

o (ys, xs)
]−1 = max

φ, λ
φ, s. t. − ϕyisλ + Ytλ ≥ 0, Xisλ − Xtλ ≥ 0, λ ≥ 0,

(13.6)
and
[
ds

o (yt, xt)
]−1 = max

φ, λ
φ, s. t. − ϕyitλ + Ysλ ≥ 0, Xitλ − Xsλ ≥ 0, λ ≥ 0,

(13.7)

It should be noted that in order to determine whether implementing the SLCP has
contributed to agricultural productivity growth, a counterfactual must be established
to detect what would have happened if the program had not been initiated. Because
most of the households in Wuqi were enrolled in the program, we do not have a suf-
ficient number of non-participating households to build this baseline. Also, because
the earliest year of our household survey is 1998 – right before the program was
launched, we do not have adequate sample information to identify what might be
the multi-year TFP growth trend prior to that time as well. The only available option
is thus to estimate the county’s TFP over an extended period based on the aggregate
data compiled by its Statistics Bureau. While this may not be ideal, it should still
provide a plausible baseline nonetheless.

13.2.1 Data

As indicated, our primary dataset for evaluating the agricultural productivity
changes induced by implementing the SLCP came from household surveys in Wuqi
county of northern Shaanxi (Fig. 13.2). Wuqi is typical of the Loess Plateau region,
where the landform is full of hills and gullies of yellow soil. In this arid region,
agriculture is largely rain-fed. Due to the lack of precipitation, however, crop yields
were abysmally low historically. Prior to 1998, the cultivated area in Wuqi reached
123,700 ha, of which only four percent had a yield above 2,250 kg/ha. To increase
income, 17% of the households also raised goats, whose population was as high
as 280,000. As a consequence of extensive farming and open grazing, the ground
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Fig. 13.2 Location of the Study Site

vegetation was heavily degraded, worsening the erosion of the soft silty soil found
there. By the end of 1998, 3,696 km2 of the county’s 3,791.5 km2 suffered ero-
sion, with 153,000 tons of topsoil washed downstream per square kilometer (Wuqi
Statistics Bureau, 2003).

In responding to this environmental disaster, Wuqi pioneered retiring croplands
on steep slopes and converting them to forest and grass coverage on a massive scale,
beginning in 1999. Croplands were reduced to 10,000 ha (Wuqi Statistics Bureau,
2003), and farmers were encouraged to adopt new farming practices and improved
seeds. With financial and technical assistance provided by the local public agencies,
in addition to the subsidies made by the central government, land use became more
intensive. Meanwhile, the traditional open herding practice was banned; goats, often
introduced, improved breeds, were required to be kept in pens. As a result, agricul-
tural production did not suffer a huge decline (Table 13.1); indeed, crop yields per
ha increased markedly. Even though the cropland holding per household dropped

Table 13.1 Arable Land and Crop Yield in Wuqi Farm Households

Corn Potato Minor crops

Year

Average
arable land
(ha/family)

Average
sown area
(ha/family)

Yield
(kg/ha)

Average
sown area
(ha/family)

Yield
(kg/ha)

Average
sown area
(ha/family)

Yield
(kg/ha)

1998 3.40 0.17 3,350.55 0.83 8,076.15 2.40 1,160.4
2004 0.76 0.09 4,421.55 0.33 9,974.25 0.34 1,390.2

Notes: The data were from authors’ surveys in August 2005; Minor crops refer to millet, buck-
wheat, and beans.
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from 3.40 ha in 1998 to 0.76 ha in 2004, for instance, the yields of corn and potato
increased from 3,356 to 4,422 kg/ha and 8,076 to 9,974 kg/ha, respectively.

Furthermore, the retired cropland soon became green, which can even be detected
from satellite images. The county’s vegetation cover grew from 19.2% in 1998 to
62.9% in 2006 (Wuqi SLCP Office, 2007). For this reason, Wuqi’s land retirement
and conservation initiatives have attracted national attention, and thus Wuqi has
been designated as an SLCP demonstration site and soil and water conservation
model by the national agencies.

Therefore, scrutinizing Wuqi’s implementation of the SLCP and the induced
changes in its economy and environment is of great relevance to better understand-
ing the effectiveness of the program in the entire Loess Plateau region. For that
purpose, the period between 1998 and 2004 was representative, because it is one in
which the local households witnessed a major shift in their agricultural production,
with almost all of them quickly enrolled in the ecological restoration program and
its targets virtually completed by 2004.

We conducted our household surveys in 2005, with a total of 1,621 households in
12 townships being randomly interviewed. Having removed those households with
incomplete or inaccurate information, 1,340 were left for this study. The output
and input variables of the sample households are given in Tables 13.2 and 13.3.
Output variables include the output value of crop production and the output value
of livestock product, which were aggregated using their 1990 constant prices. Crop
production refers to the production of corn, potatoes, and other minor crops (e.g.,
millet, buckwheat, and beans), and livestock production refers to the production of
goats and pigs. Input variables include cultivated land, labor for farming and animal
husbandry, fertilizers (the sum of N, P, K, and composite fertilizers), manure, crop
coversheets, seeds, feedstock, and fodder.

While the land, labor, and fertilizer variables are defined straightforwardly, the
manure, crop coversheet, feedstock, and fodder variables warrant a brief explana-
tion. One study suggests that the nutrient content of manure is roughly 2.2%, and
its rate of use is 75% (Chen, 2006). The amount of manure is thus defined as a
product of the physical weight and 0.0165. Crop coversheets are the total weight
of the plastic sheets (kg) used for enhancing topsoil moisture and temperature once

Table 13.2 Agricultural Outputs of Sample Households in 1998 and 2004. Unit: kg/household,
head/household

Year Variable Corn Potato Minor crops Goat Pig

1998 Mean 928 3,580 2,625 19.67 0.84
Maximum 10,400 70,000 3,700 150 300
Minimum 10 0 0 0 0

2004 Mean 705 2,851 537 6.08 7.97
Maximum 18,750 15,000 4,500 250 4,700
Minimum 40 75 0 0 0

Note: The data were from authors’ surveys in August 2005.
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Table 13.3 Agricultural Inputs of Sample Households in 1998 and 2004. Unit: day, piece, hour,
kg/household

Year Variable
Labor
use

Fertilizer
use Manure

Crop cover
sheets

Improved
seeds

Feed
stock Fodder

1998 Mean 722 1,346 9,220 0 0 733 627
Max 2,640 7,350 45,000 0 0 5,000 25,000
Min 300 0 0 0 0 0 0

2004 Mean 543 795 3,554 7 1.1 713 4,208
Max 1,080 5,810 30,500 60 107.0 6,500 50,000
Min 200 80 10 0 0 0 0

Note: The data were from authors’ surveys in August 2005.

seeds or seedlings are planted. Feedstock is the total weight of corn and other grains
used to feed goats and pigs, and fodder is the total weight of collected grasses and
crop straws. To validate our findings and put them in perspective, we also esti-
mated Wuqi’s agricultural TFP with the county-level aggregate statistical data for
the period of 1991–2004, the output and input variables of which are similar to those
defined in our household surveys.

Tables 13.2 and 13.3 also list the summary output and input statistics of the sam-
ple households, including their mean and minimum and maximum values. Table
13.2 shows that with a significant reduction of arable land induced by the SLCP, an
average household’s annual corn and potato outputs were reduced by only 24.03%
and 20.36%, respectively, in 2004, compared to those in 1998. In contrast, its total
output of other minor crops decreased by 79.54% in 2004, compared to that in 1998.
Likewise, goats raised per household in 2004 were 77.99% lower than those in 1998.
The number of pigs raised per household was 84.81% higher in 2004 than that in
1998.

Accordingly, with the substantial decrease of arable land resulted from imple-
menting the SLCP, the fertilizer use rate was reduced by 40.94% in 2004 than that
in 1998, and the application of manure decreased by 22.84%. Farmers had rarely
used cropland coversheets and improved seeds before the program was introduced,
but these inputs were extensively used by 2004. In 2004, feedstock per household
was reduced by 2.73%, in comparison to that in 1998, while fodder consumption
increased by 571.13%.

13.3 Results

As shown in Table 13.4, the agricultural TFP in Wuqi grew 15.8% during the period
of 1998–2004, leading to an annual growth rate of almost 2.5%. This demonstrates
that implementing the SLCP may have contributed to the overall agricultural pro-
ductivity growth. More specifically, the technical efficiency improved by 51.9%,
whereas the technological change declined by 23.8%. The substantial improvement
in technical efficiency is fully attributable to “pure” efficiency enhancement. This
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Table 13.4 The Growth of
Agricultural TFP and Its
Components in Wuqi During
1998–2004, Estimated with
Household Survey Data

TFP TC TE PE SE

1.158 0.7623 1.519 1.556 0.9762

Note: The software used for estimation is TFPIP (Version 1.0,
developed by Tim Coelli, Centre for Efficiency and Productivity
Analysis, University of New England, Australia).

is so even with a slight decrease in scale efficiency. In 2004, “pure” efficiency was
155.6% of its level in 1998, whereas scale efficiency dropped to 97.6% of its level
in 1998. These findings suggest that productive factors were utilized a lot more effi-
ciently, triggered by the retirement and conversion of cropland.

To validate our findings and put them in perspective, we also estimated Wuqi’s
agricultural TFP and its components, as promised, with the county-level aggregate
statistics for the period of 1991–2004. Table 13.5 reports that the TFP grew slowly
before the SLCP was initiated, and then it declined during the first 3 years of the pro-
gram implementation (1999–2001); however, its growth accelerated tremendously
in the last 3 years of our data coverage (2002–2004). Obviously, these outcomes
corroborate our results derived from the household survey data. They also illustrate
that the slow TFP growth prior to launching the SLCP is attributable to both techno-
logical change and scale economy. Thereafter, however, the production experienced
such a great shock by the SLCP that the basic conditions of agricultural scale and
technology must be reconfigured. As a consequence, the TFP declined in the fol-
lowing 3 years. Fortunately, technical efficiency kept improving, which has served
to mitigate the TFP decline first and then to accelerate its growth more recently.

Table 13.5 The Growth of Agricultural TFP and Its Components in Wuqi During 1991–2004,
Estimated with County-Level Aggregate Statistics

Year TE TC PE SE TFP

1991 0.9595 1.0413 0.9748 0.9843 0.9991
1992 0.9593 1.0511 0.9741 0.9848 1.0083
1993 0.9763 1.0513 0.9647 1.0120 1.0264
1994 0.9677 1.0611 0.9443 1.0248 1.0268
1995 0.9634 1.0413 0.9048 1.0648 1.0032
1996 0.9937 1.0355 0.9064 1.0963 1.0290
1997 1.0422 1.0455 0.9963 1.0461 1.0897
1998 0.9975 1.0152 0.9463 1.0541 1.0127
1999 0.9537 0.9453 1.1180 0.8530 0.9015
2000 1.0739 0.8955 1.4280 0.7520 0.9616
2001 1.1237 0.8864 1.5083 0.7450 0.9960
2002 1.2827 0.8965 1.5180 0.8450 1.1499
2003 1.3787 0.8498 1.5386 0.8961 1.1717
2004 1.5110 0.7920 1.5889 0.9510 1.1967

Note: The software used for estimation is TFPIP (Version 1.0, developed by Tim Coelli, Centre
for Efficiency and Productivity Analysis, University of New England, Australia).
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These remarkably consistent findings have lent us confidence in our estimation and
decomposition of Wuqi’s agricultural TFP changes over time, and in their relation-
ship with the cropland retirement and conversion program.

Listed in Table 13.6, the distribution of household TFP growth is of interest as
well. A great deal of performance variation exists among the households. There were
196 households whose TFP decline was more than 50%, 292 with a TFP decline in
the range of 15–50%, and 122 with a TFP decline less than 15%. Meanwhile, 300
households had a TFP growth less than 50%, and 142 had a TFP growth in the range
of 50–100%, 152 in the range of 100–200%, and 136 in the range of greater than
200%. Overall, 54.5% of the 1,340 households experienced a TFP growth, which
more than offset the TFP decline experienced by other households.

With respect to technological change, 454 households experienced a decline of
greater than 50%, 489 declined by 15–50%, and 110 by less than 15%; however, 155
experienced a gain of less than 50%, 51 grew by 50–100%, and 81 grew by greater
than 100%. Put differently, more than 78% of the households suffered a decline in
technological change. Altogether, 344 households suffered a decline in technical
efficiency, of which 104 had a drop of more than 50%, 166 dropped by 15–50%,
and 74 declined by less than 15%. Meanwhile, 255 households had a growth rate
of less than 50%, 233 had a growth rate in the range of 50–100%, 248 were in
the range of 100–200%, and 270 grew more than 200%. As a result, 74.3% of the
1,340 households improved their technical efficiency. Similarly, 234 households had
a “pure” efficiency gain of less than 50%, 199 had a gain in the range of 50–100%,
and 518 had a gain in the range of greater than 100%. On the other hand, 111 had a
decline of at least 50%, 179 had a decline of 15–50%, and 99 had a decline of less
than 15%. Twenty-two households had an SE decline of more than 50%, 98 had a
decline between 15 and 50%, and 631 had a decline below 15%; 525 households
had an SE increase of less than 50%, and 64 had an SE increase of over 50%.

Table 13.6 The Distribution of TFP Growth of Individual Households During 1998–2004

TFP TC TE PE SE

Growth rate No. % No. % No. % No. % No. %

≤50% 196 14.63 454 33.88 104 7.76 111 8.28 22 1.64
(–50%,
–15%]

292 21.79 489 36.49 166 12.39 179 13.36 98 7.31

(–15%, 0] 122 9.10 110 8.21 74 5.52 99 7.39 631 47.09
(0,50%] 300 22.39 155 11.57 255 19.03 234 17.46 525 39.18
(50%, 100%] 142 10.60 51 3.81 223 16.64 199 14.85 24 1.79
(100%,
200%]

152 11.34 46 3.43 248 18.51 242 18.06 19 1.42

≥200% 136 10.15 35 2.61 270 20.15 276 20.60 21 1.57
Sum 1,340 100.0 1,340 100 1,340 100 1,340 100 1,340 100

Note: TFP = total factor productivity, TC = technological change, TE = technical efficiency,
PE = “pure” efficiency, and SE = scale efficiency.
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13.4 Conclusions and Discussion

Using the Malmquist index method and household survey data collected from Wuqi
county of northern Shaanxi, we have assessed the TFP change in agriculture, trig-
gered by implementing the SLCP. It is found that the overall TFP grew by 15.8%
during the period of 1998–2004; and our alternative estimation with aggregate statis-
tics indicates even a faster average TFP growth for the same period. Meanwhile,
it reveals that the TFP growth was slow prior to the time when the SLCP was
launched (1991–1998). While implementing the program depressed the agricultural
TFP significantly during the first 3 years, it boosted the TFP growth thereafter at
an unprecedented pace. Altogether, our evidence strongly suggests that implement-
ing the SLCP has contributed to the overall agricultural productivity growth in the
longer term.

By decomposing the TFP, our analyses further show that the recent TFP increase
is due exclusively to the significant improvement of technical efficiency, instead
of technological progress. Compared to their levels in 1998, technical efficiency
improved by 51.9%, whereas technological change dropped by 23.8%. The coexis-
tence of efficiency enhancement and decline in technological change indicates that
implementing the SLCP did cause a change of production mode and thus a tech-
nological shock, but a majority of farmers could maintain and even increase their
productivity by improving their technical efficiency. Additionally, our work indi-
cates that the main reason why the technical efficiency became higher is that the
“pure” efficiency was greatly boosted thanks to much better allocation of produc-
tion factors, following the initiation of the SLCP. This is so despite the reduced scale
efficiency.

The above findings carry significant intellectual merit and policy relevance. First,
they demonstrate that it is possible to achieve environmental improvement and pro-
ductivity increase at the same time, even facing a huge cropland reduction and pro-
duction mode alternation. To that end, one crucial step is to improve the technical
efficiency continuously. Second, while it has rarely been pursued in the realm of
China’s farmland rehabilitation, this type of micro econometric study of agricultural
productivity sheds significant new light in terms of how the production structure and
process have been affected and what can be done to mitigate the negative impacts
of ecological restoration and to promote productivity growth.

Nevertheless, the question remains why and how the production factor alloca-
tion could have become more efficient over recent years. Our field observations led
us to think that it has much to do with the successful efforts of extension services
and knowledge dissemination in, for example, introducing new varieties of crop and
goat, concentrating on the fewer types of crops with higher yields, improving the
breeding and feeding practices, and expanding the use of cropland coversheets. And
these steps were induced by the SLCP and assisted by the local public agencies. To
test these hypotheses, we conducted a simple regression, in which the dependent
variable is the estimated TFP scores of individual households whereas the indepen-
dent variables include the ratio of the area of converted sloping cropland to total
area of cropland, and the growth rates of the expenditure for extension services and
diffusion of technical knowledge as well as labor and capital use per ha.
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Table 13.7 Regression
Results of the TFP Drivers
During 1998–2004

Variable Coefficient

Constant 2.55∗∗
Growth rate of labor use per ha 0.21∗∗
Growth rate of capital use per ha 0.16∗∗
Ratio of the converted sloping

cropland to total cropland area
0.49∗∗∗

Growth rate of the expenditure for
extension services and
knowledge diffusion per ha

0.92∗∗∗

F 31.88
R2 0.86

Note: The software used is Eviews 5.0.
∗∗∗ indicates significance at 5% and ∗∗ at 10%.

As shown in Table 13.7, these factors all have the expected, positive effect on the
TFP. Especially, the coefficients of the growth rate of the expenditure for extension
services and knowledge diffusion and the ratio of the area of converted sloping
cropland to total area of cropland are highly significant and large in magnitude.
These results confirm that cropland reduction should not be inevitably associated
with a TFP reduction, and that the extension services and diffusion of technical
knowledge have played a vital role in promoting TFP growth. As such, these efforts
should be strengthened in the future. It should also be pointed out that while the
majority of the surveyed households experienced a TFP gain, a number of them
suffered a TFP decline. This implies that the local government agencies must pursue
more effective targeting in not only land conversion, but also production assistance
and poverty reduction (Chen, 2006).

At the same time, a reconfiguration of the production technology and thus its
frontier should have been expected, given the huge reduction of cropland and native
goats, and the major restructuring of farming and animal husbandry. In this context,
the measured decline in technological change is understandable; this longer-term
issue requires coordinated and persistent efforts to tackle. As to the slight decline
of scale efficiency, it is reasonable given that farmland was reduced, open grassing
of large flocks was banned, and enclosed pen-feeding limited the scale of animal
production. Also, the emergence of a dynamic energy industry absorbed a certain
amount of rural labor, restraining the scale of agricultural production (Wuqi Statis-
tics Bureau, 2003).

Finally, it should be made clear that because this study is based on data from
Wuqi and for the period of 1998–2004, caution needs to be taken in applying the
findings to another area or a longer period of time. In the future, this type of work
should be pursued for other regions and/or periods, and the other factors affecting
TFP, such as changes in natural and social conditions, should be considered in order
to measure the program performance more thoroughly.
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Chapter 14
Measuring the Aggregate Socioeconomic
Impacts of China’s Natural Forest
Protection Program

Yueqin Shen, Xianchun Liao, and Runsheng Yin

Abstract China has been implementing one of the world’s largest ecological reha-
bilitation projects, the Natural Forest Protection Program (NFPP), to improve its
fragile and precarious environmental conditions. This chapter measures the socioe-
conomic impacts of the NFPP using input–output (I–O) models. We find that the
NFPP will expand the annual output of the forest sectors by 5.8 billion Yuan and
the whole economy by 8.9 billion Yuan by 2010. Employment will increase by 0.84
million in the forest sectors and by 0.93 million in the whole economy. Associated
with the enormous expansion of forest protection and management are huge con-
tributions to mitigating water runoff, soil erosion, flooding, and biodiversity loss.
The investments and adjustments are thus worthwhile, if the program is properly
implemented. The challenges are to transform loggers into tree planters and forest
managers and to ensure that the financial and institutional commitments by the local
and national governments will be materialized.

Keywords Natural Forest Protection Program · Input–output analysis ·
Socioeconomic impact · Environmental protection

14.1 Introduction

China has been implementing one of the world’s largest ecological rehabilitation
projects, the Natural Forest Protection Program (NFPP), to improve its fragile and
precarious ecosystem conditions. Zhang et al. (2000) reported on the NFPP and dis-
cussed policy measures for its implementation. Loucks et al. (2001) argued that the
NFPP could strengthen the pandas’ future in China’s forests by enhancing protec-
tion and restoration of corridors among remaining forest fragments and increasing
habitat preservation. Zhang et al. (1997); Zhao and Shao (2002) noted the logging
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restrictions induced by the NFPP and their potential economic and environmental
impacts. While the NFPP has drawn broad attention, little has been done to measure
its potential environmental and economic impacts. The goal of this chapter is to
tackle this important issue using an input–output (I–O) analysis based on the recent
Chinese national statistics.

Population growth, economic development, and policy failures have resulted in
severe environmental problems in China, such as loss of biodiversity, desertification,
and soil erosion (World Bank, 1994; Fullen & Mitchell, 1994; Zhang et al., 2000).
While the country has made efforts to combat these problems (SFA, 2000), they
have not been very effective, and the macro ecological conditions have worsened.
In particular, the 1998 floods along the Yangtze River and waterways in the northeast
devastated large parts of China, leading to the loss of more than 3,000 human lives
and US $12 billion in property damage and output reduction (Lu et al., 2002; Liang,
1998). It has been accepted that the floods were caused mainly by deforestation and
farming on steep slopes (Lu et al., 2002; Xu, Yin, Li, & Liu, 2006). In response, the
government has, among other things, initiated the NFPP to protect and expand its
forest resources throughout this decade.1

While the primary objective of the NFPP is to protect the existing forests, it also
aims to expand their coverage through natural regeneration and artificial planting
in order to mitigate the occurrence and influence of natural disasters (Zhang et al.,
2000). To achieve these objectives, bans of commercial logging are imposed in the
southwest, harvests are substantially reduced in the northeast and other regions, and
forestation and vegetation activities are carried out.

According to the government plan, the protection and management of over 95
million ha of forestland will be greatly strengthened.2 In addition, 0.5 million ha of
bare or degraded land will be afforested every year, and 1.4 million ha of mountains
and hillsides will be closed for natural regeneration. Forest cover in the targeted
areas will increase from the current 17.5–26.8% by 2010 (SFA, 2000). Table 14.1
summarizes the proposed activities of forest protection, management, and expan-
sion during 1998–2010. The Chinese government hopes that the NFPP and other
initiatives will not only greatly improve the domestic ecological conditions but also
significantly contribute to the regional and even global environmental protection.

Altogether, the NFPP covers 17 provinces and autonomous regions, including
414 counties or forest bureaus in the upper reaches of the Yangtze River (from the
Three Gorges Dam upward) and 358 counties or forest bureaus in the middle and
upper reaches of the Yellow River (from the Xiaolangdi Dam upward). In addition,
it encompasses 84 state forest bureaus, twelve provincial forest enterprises, and one
county in the northeast; four provincial forest enterprises and seven county-level
forest farms in Hainan; and two state forest bureaus, 25 counties, and four county-
level forest farms in Xinjiang (SFA, 2000).

1The Sloping Land Conversion, or “Grain for Green,” Program is another new initiative of eco-
logical rehabilitation. For more details, see Forest and Grassland Taskforce (2003) and Xu et al.
(2006).
2China has a total forestland of 155 million ha (Xu et al., 2006).
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Table 14.1 Forest Regeneration and Tree Planting Under the NFPP

Area planted or managed Unit (ha) 1998 1999 2000 2005 2010

Total afforestation 1000 290 478 775 549 549
Artificial regeneration 1000 289 441 303 344 344
Aerial seeding by airplane 1000 1 37 152 205 205
Human-facilitated natural regeneration 1000 139 378 259 259 259
Mountain closure 1000 2,433 2,207 816 1,463 1,463
Stand tending 1000 882 1,679 1,281 1,281 1,281

Note: Data sources include the China Forestry Development Report (SFA, 2000–2002) and the
China Forestry Statistics Yearbook (1998–1999).

Given the lack of relevant data, this chapter does not attempt to assess the envi-
ronmental impacts of the NFPP. Rather, it will focus on the NFPP’s socioeconomic
impacts on various forest sectors as well as the whole economy. By socioeconomic
impacts we mean the concomitant changes in employment, wages and salaries, total
output, and value added. In this context, input–output (I–O) analysis is an appro-
priate technique because it emphasizes inter-sectoral linkages of the economy and
can be used to quantify the impacts of either changes of final demands on various
economic sectors, or changes of the output in one sector on the other sectors and
the whole economy. Luckily, we have obtained China’s national I–O table for 1997,
which is a valuable data source to support our analysis. Of the 124 sectors included
in the national I–O table, five are identified as forest sectors: forest management,
logging and hauling, sawmilling and panel production, furniture and solid wood
products, and pulp and paper making.

The socioeconomic impacts of the NFPP on a specific sector or the whole econ-
omy come from two sources – the increased investments in forest protection and
management, and the logging bans and harvest reductions. Notably, these changes
have distinct features. First, impacts induced by the former should be positive,
whereas impacts induced by the latter should be negative. Second, the former are
changes in final demand, while the latter are changes in the output of one sec-
tor. The objective of this study is to quantify the socioeconomic impacts caused
by these different changes. We believe that this study is important and timely for
better understanding the potential ramifications of the NFPP and its more effective
implementation.

Researchers have extensively applied I–O analysis to forestry (Davis et al.,
2000), but few have simultaneously considered the impacts of both changes in final
demands and changes in the outputs of certain sectors. For instance, Munn (1998)
and Wu (2002) used I–O analysis to assess the importance of the forest products
industry in Mississippi and Texas to the state economies. However, they focused
only on the economic impacts of final demand changes, with little consideration of
the impacts of exogenous output changes of one sector on the other sectors. In the
context of the NFPP, both changes in final demands and outputs in the logging and
hauling sector are relevant. As to the recent case studies done by Chinese schol-
ars (e.g., Chen, Xiang, Liu, & Mu, 2001; Liu, 2002; Shen, 2000; Sheng, 2002) in
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examining the impacts of the NFPP, they are descriptive and preliminary, and little
in-depth analysis was conducted. Also, limited attention was given to the linkages
of the economy.

The chapter is organized as follows. First, we articulate the specific impacts of
the NFPP in section two to motivate the development of I–O models in section
three. In section four, a base case (without the NFPP) is first presented, followed by
an analysis of the effects of the policy (with the NFPP). The two scenarios are then
combined to determine the impacts of the NFPP on the forest sectors and the whole
economy. Finally, conclusions are summarized and suggestions for future work are
made in section five.

14.2 Impacts of the NFPP

As noted, the socioeconomic impacts of the NFPP may be induced by the logging
bans and harvest reductions, or by the increased investments in forest protection and
management. Before we use I–O models to quantify them, it is necessary to define
these specific impacts and their sources.

First, the NFPP has significantly reduced timber supply. Roundwood production
from natural forests decreased from 32.1 million m3 in 1997 to 29.3 million m3 in
1998 and further to 22.8 million m3 in 1999. Between 2003 and 2010, roundwood
production from natural forests will be maintained at 12.1 million m3 (SFA, 2000),
implying that the NFPP will cause a reduction of 20 million m3/yr in roundwood
production throughout this decade. Since the NFPP has mainly reduced the sup-
ply of large- and medium-diameter logs (>14 cm), many sawmills have been facing
operation difficulty or even shut down. Furthermore, the enlarged gap between tim-
ber demand and supply has caused timber prices to rise. For example, it is reported
that the log prices in Beijing area increased by 20–30% in 1998 (Studley, 1999).
Partly to fill this gap and partly to meet the growing demand, China has turned
increasingly to the international market. Figure 14.1 shows that the imports of tim-
ber products have increased sharply, following the implementation of the NFPP.3

Because of the logging bans and harvest reductions, the logging, hauling, and
processing equipment and facilities owned by the state, worth almost 15 billion Yuan
(US$ 1.8 billion), have become obsolete and thus been abandoned (Li, 2001). Also,
an additional one billion Yuan/yr (US$ 120 million) of interest payment for bank
loans – an obligation of state forest enterprises – has been accumulated, waiting for
write-off by the central government (SFA, 2000; Xu et al., 2006). Meanwhile, the
NFPP has laid off a large number of workers in the logging, hauling, and processing
sectors, with 0.5 million employees transferred to the forest protection and man-
agement activities (SFA, 2000). As a result, the payments for wages and salaries in
these sectors have dwindled.

3As pointed out by a reviewer, in addition to alleviating the pressures on domestic forests, increased
timber imports enable the maintenance of a larger share of the wood products processing facilities,
which will further swing the balance towards positive net effects of the NFPP.
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Fig. 14.1 China’s Timber Imports Since 1981. (Notes: 1. Data are from China Customs Statistics
(1981–2001). 2. Volumes of Different Products are Converted to Roundwood Equivalence)

In comparison, forest protection and management activities have been expanded
substantially because of the government investments. Table 14.2 shows that the total
expenses in these activities would reach 121 billion Yuan (US$ 14.6 billion) by
2010 – more than 10 billion Yuan a year. In accordance with these structural adjust-
ments, more permanent as well as temporary employees have been added, and the
total payments for wages and salaries in forest protection and management have
increased tremendously.

Similarly, the NFPP has affected the other sectors of the economy. On the one
hand, logging bans and harvest reductions have reduced the total output, employ-
ment, wages and salaries, and value added; on the other, these socioeconomic

Table 14.2 Governmental Financial Support for Implementing the NFPP Since 1998 (Unit: 1000
yuan)

Year
Total
expenditure

Infrastructure
construction

Equipment and
facilities for fire
control, etc.

Afforestation
and forest
management

Compensation
to workers

1998 4,341,260 62,070 57,120 2,158,420 2,063,650
1999 7,605,340 49,360 28,450 4,014,440 3,513,090
2000 9,493,190 61,612∗ 35,512∗ 5,010,932∗ 4,385,133∗
2001–2010∗ 100,000,000 649,018∗ 374,079∗ 52,784,491∗ 46,192,412∗

Notes:
1. Data sources include the China Forestry Development Report (SFA, 2000 2002) and the China
Forestry Statistics Yearbook (1998–1999).
2. An outlay of 100 billion Yuan (US$ 12 billion) has been planned for the period of 2001–2010
(Zhao & Shao, 2002; Xu et al., 2006).
3. Afforestation and forest management include seedling production, mountain closure, stand
tending, artificial and natural generation, and pest control.
∗ indicates that data are estimated based on the allocation made in 1999.
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measures have been expanded due to the increased governmental investments. For
instance, in local communities near the natural forests, farmers, who had attached
themselves to the logging, hauling, and processing activities through direct employ-
ment or indirect services, have been hit hard by the NFPP. Their losses were esti-
mated at 2.3 billion Yuan (US$ 277 million) of sales revenue a year (Yu, Xie, Li,
& Chen, 2002), and their net income was reduced by 18% (Chen et al., 2001). But
farmers have also gained from the new job opportunities of tree planting (and even
forest protection) due to the combined effect of its seasonality and large workload.
As another example, it was estimated that the NFPP reduced the value-added and
employment of railway freight by 223 million Yuan and 14,000 workers, respec-
tively, in 2000 (SFA, 2000).

In short, the forest sectors have extensive interactions with other sectors of the
economy. The implementation of the NFPP results in not only intra-sectoral but
also inter-sectoral impacts due to their interdependency, and these impacts can be
categorized as direct, indirect, and induced effects. The NFPP’s direct effects refer
to the changes in production, employment, wages and salaries, and value-added
caused to the forest sectors. The NFPP’s indirect effects refer to the changes of
economic activities in other sectors, resulting from the forest sectors’ altered pur-
chase of their goods and services. The induced effects of the NFPP come from
changes in consumption of goods and services by the employees in the forest sec-
tors. The total socioeconomic impacts of the NFPP on the forest sectors thus include
all these effects. Here, the overarching questions are: How will the new forestry pro-
gram affect the forest sectors and other sectors? What will be the positive impacts
induced by the government investments and the negative impacts induced by the
logging bans and harvest reductions? By how much will the former be larger than
the latter? We address these questions below.

14.3 I–O Models and Data

Socioeconomic impacts can be measured based on the transaction relationships
embedded in an I–O table. Referring to Table 14.3, the transactions in an I–O table
can be divided into sub-matrices X, Y, and Z. Let X = {xij}, where xij is the amount
of sales from sector i to sector j or the amount of purchases from sector j to sector
i (i, j = 1, 2, . . . , n); Y = {yi}, where yi is the final demand from sector i; and

Table 14.3 A Stylistic Input–Output Table

Purchasing sector (j)

Producing sector (i) (1) (2) (3) (4) (5) Total sales

(1) x11 x12 x13 x14 y1 z1
(2) x21 x22 x23 x24 y2 z2
(3) x31 x32 x33 x34 y3 z3
(4) x41 x42 x43 x44 y4 z4
Total purchases z1 z2 z3 z4
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Z = {zj}, where zj is the total purchase of sector j. By definition, the total output of
each sector is equal to the intermediate demand from other industries and the final
demand; likewise, the total input of each sector is equal to the intermediate inputs
from other industries and the final payment. So, the sales and purchases of a given
sector are equal; that is, zi = zj for i = j.

Further, let A = {aij}, where aij = xij/zj is the portion of total purchases by sector
j from sector i. Then, from X = A × Z and X + Y = Z we know that Y = (I – A) × Z,
where I is an n × n identity matrix. Thus,

Z = (I − A)−1 × Y (14.1)

The above equation links the level of total economic activity Z to final demand Y
by the multiplier matrix (I − A)−1 derived from the I–O table. Note that the column
sums of the multiplier matrix represent the total effects on the outputs of different
sectors of the economy given a unit change in final demand, which are called the
output multipliers.

The multiplier matrix reveals the linkage between sectors in the economy and
presents two types of multipliers: type I and type II. Type I multipliers sums together
direct and indirect impacts while type II multipliers also include induced effects. In
this chapter, type I multipliers are adopted. This is because treating household con-
sumption as endogenous will entail forecasting its future values with its identified
determinants, which is beyond what our data can accommodate at this point of time.
Also, in a developing economy like China’s, where a substantial part of the labor
force does not participate effectively in the production process, it may not be easy
to determine the relation between population size and total output (Hubacek & Sun,
1999). In any case, we expect that the induced effect should be only a small portion
of the total effect.

14.3.1 Response to Final Demand Changes

Depending on the sources of exogenous changes, the policy impacts on certain sec-
tors and/or the whole economy may be assessed in different ways. If the vector of
final demands changes by �Y, Equation (14.1) can be written as

�Z = (I − A)−1 × �Y (14.2)

thus, a vector of total output changes (�Z) can be computed directly. In the current
context, changes in final demands are changes in the government investments in
forest protection and management.

Based on the estimated multipliers, it is possible to derive employment changes
as well. The formula for the employment change in sector j is

�μe =
∑

i

(ei/qi) ∗ INVij�Y (14.3)
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where �μe represents employment change due to the final demand change, ei is the
number of employees in sector i, qi denotes the total output in sector i, and INVij is
an element of multiplier matrix (I − A)−1 (Schaffer, 1999).

Similarly, the wages and salaries change can be obtained from the formula

�μh =
∑

i

(hi/qi)
∗INVij�Y (14.4)

where �μh represents wages and salaries change driven by the final demand change,
and hi is the household income of sector i. INVij and qi are defined the same as
above.

Likewise, the value-added change can be calculated from

�μv =
∑

i

(vi/qi)
∗INVij�Y (14.5)

where �μv represents value-added change derived from the final demand change,
and vi is the value-added of sector i.

14.3.2 Response to Output Changes

In many I–O models, only the final demand is considered exogenous. But a mixed
type of I–O model may be employed, in which final demands for some sectors and
gross outputs for the remaining sectors are specified exogenously (Miller & Blair,
1985). In our case, the output of the logging and hauling sector is determined exoge-
nously. If the output of sector h, Zh, is also exogenously determined, Equation (14.1)
can be modified as follows:

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢
⎣

Z1
.
.
Zh−1
Zh+1
.
.
Zn

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥
⎦

= (I − A∗)−1

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢
⎣

Y1 + a1 hZh

.

.
Yh−1 + ah−1,h Zh

Yh+1 + ah+1,h Zh

.

.
Yn + anhZh

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥
⎦

(14.6)

where A∗ is a new [(n–1) × (n–1)] input coefficient matrix that differs from A above.
Equation (14.6) can be further modified as:
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⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢
⎣

�Z1
.
.
�Zh−1
�Zh+1
.
.
�Zn

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥
⎦

= (I − A∗)−1

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢
⎣

a1 h�Zh

.

.
ah−1,h�Zh

ah+1,h�Zh

.

.
anh�Zk

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥
⎦

(14.7)

Combining Equations (14.3), (14.4) and (14.5) with Equation (14.7), we can
examine the negative impacts of the roundwood output decline caused by the log-
ging bans and harvest reductions on the other forest sectors and the overall econ-
omy as well. For example, the impacts of the logging bans and harvest reductions
on employment in sector h can be measured by:

�μ∗
e =

∑

i

(ei/qi)
∗INV∗∗

ij

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢
⎣

a1 h�Zh

.

.
ah−1,h�Zh

ah+1,h�Z̄h

.

.
anh�Zh

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥
⎦

(14.8)

where �μ∗
e represents employment changes due to the output change in the logging

and hauling sector, eh is the number of employees, qh denotes the total output, and
INV∗

ij is an element of the multiplier matrix (I − A∗)−1.

14.3.3 I–O Data

We used China’s 1997 national I–O table for our analysis (State Statistics Bureau, or
SSB, 1998). Since 1981, the SSB has compiled eight national I–O tables. In collab-
oration with Hong Kong Chinese University, the SSB has recently converted these
tables into a uniform format in constant prices. Of the 124 sectors in the national I–O
tables, five are identified as forest sectors: forest management, logging and hauling,
saw-milling and panel production, furniture and solid wood products, and pulp and
paper making. Three other sectors closely related to the forest sectors – coal mining,
construction, and railway freight – are also identified.

To focus on the sectors of our primary interest and to reduce the involved
workload, an aggregation of other sectors was made. We combined the four agri-
cultural sectors – cropping, fisheries, livestock, and other agricultural production –
into one, and the three printing and cultural sectors – printing and recording media,
cultural goods, and toy production and recreation – into one. Likewise, we com-
bined the ten chemical production-related sectors into one, the six transportation
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equipment-related sectors into one, the sixty other sectors in secondary industry
into one, the ten production sectors in the tertiary industry into one, and the 23 ser-
vice sectors in the tertiary industry into one. As a result, the final table for analysis
contained 15 sectors.

The 1997 data reflect socioeconomic activities just one year before the initiation
of the NFPP, and thus matched our base case nicely. All of the estimated monetary
values are in 1997 Chinese Yuan. Employment data were taken from China’s 1997
Statistics Yearbook and Forestry Yearbook. Other data for the forest sectors were
obtained from the China Forestry Development Reports (SFA, 2000–2002).

Before proceeding to the presentation of our results, a brief discussion of some
data issues are warranted. First, someone may question the way we aggregated the
124 economic sectors into 15 for analysis. Our view is that to make our analysis as
well as presentation practical, it is necessary to cut down the number of sectors we
deal with. There are two approaches to do so. One is to aggregate the 124 sectors
first and then create the inverse matrix of the aggregated sectors and do the neces-
sary calculations. The other is to create the inverse matrix of the 124 sectors and do
the necessary calculations first and then aggregate the calculated results for presen-
tation. Conceptually, the latter is the better approach. But the former was used for
data and computational reasons in this chapter.

In addition, China’s statistics in general and its GDP in particular are suspected
of inconsistency and inaccuracy, due to the changing procedures of data gathering
and local officials’ “obsession” with GDP growth rates – the leading criterion for
evaluating cadre performance (Rawski, 2001). While we acknowledge these prob-
lems and our concern with their influence on data and thus analytic reliability, we
think that their potential effect on our study is small. Primarily, given the way the
multiplier matrix (I − A)−1 is derived, these problems are pretty much offset. Also,
even if the base-year (1997) economic activities had been overstated, say, by 2%, its
direct impact on our aggregate assessment would be very limited.

Moreover, one may argue that the figures of the initial NFPP impacts, reported by
the State Forestry Administration, could be an overestimation of its positive effects
and an underestimation of its negative effects. After extensive field visits and discus-
sions with many scholars, our finding is that, while it is quite likely that the official
estimates are incomplete, it is less likely that they have been intentionally manipu-
lated. In any case, caution is warranted in interpreting our results and drawing policy
implications.

14.4 Results

In this section, we first show the direct and total effects of the forest sectors on the
economy in 1997 as a base case, which is meant to provide a picture of what roles
the forest sectors then played. Next, we present the policy scenario with the NFPP,
including its positive and negative impacts on the forest sectors, and on the whole
economy in terms of total output, employment, wages and salaries, and value-added.
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14.4.1 The Base Case

China’s forest sectors are important to the whole economy (Table 14.4). In 1997, the
country produced 63.9 million m3 of roundwood, 20.1 million m3 of lumber, 16.5
million m3 of wood-based panels, and 44.8 million tons of pulp and paper prod-
ucts (including products made of non-wood fibers). In addition, the forest sectors
produced such value-added products as veneers, woodchips, and furniture products.
Together, these sectors employed 17.1 million workers, and paid 133.0 billion Yuan
in wages and salaries. In addition, they generated outputs worth 580.5 billion Yuan,
of which value-added amounted to 213.4 billion Yuan.

Table 14.4 also shows that in terms of employment, the forest management sector
was ranked first in 1997, accounting for 71.1%. The paper and paperboard sector
was ranked second (13.0%), and the furniture-making sector was ranked the last
(3.2%). As to total output, the paper and paperboard sector was the largest (42.0%),
the sector of furniture making and other wood products ranked second (23.6%),
whereas the logging and hauling sector was the smallest (5.2%). For value-added,
the paper and paperboard sector was the largest (33.6%), the forest management
sector was ranked second (28.4%), while the logging and hauling sector was the
smallest (8.7%).

Table 14.5 summarizes the total effects for the forest sectors. The estimated out-
put effects of the forest sector were 1.55 trillion Yuan in 1997. The output share
of the forest sectors accounted for 8% of gross domestic output, of which the

Table 14.4 The Direct Effects of the Forest Sectors on China’s Economy in 1997

Sector
Number of
employees

Total industry
output (1000 yuan)

Wages and salaries
(1000 yuan)

Value-added
(1000 yuan)

Forest
management

12,152,000 82,587,000 53,458,412 60,538,329

Logging and
hauling

962,858 30,015,155 8,682,428 18,639,838

Sawmilling and
panel production

1,215,919 87,119,576 12,112,873 26,576,558

Production of
furniture and
woodworks

542,720 136,998,635 18,024,779 36,037,235

Paper and
paperboard
production

2,227,609 243,754,236 40,732,149 71,594,631

Total 17,101,105 580,474,602 133,010,641 213,386,591

Notes:
1. Employment data were taken from the China Statistics Yearbook (1997) and the China Forestry
Statistics Yearbook (1997). Based on available information, the authors estimated employees in
the forest sectors. Other data were from the national input–output table (State Statistics Bureau,
1997).
2. All monetary values are in 1997 yuan.
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Table 14.5 Total Economic Impacts of the Forest Sectors on China’s Economy in 1997

Sector
Number of
employees

Total industry
output (1000 yuan)

Wages and salaries
(1000 yuan)

Value-added
(1000 yuan)

Forest
management

14,385,868 134,534,223 66,493,911 72,928,506

Logging and
hauling

2,145,001 56,303,064 15,513,229 13,981,045

Sawmilling and
Panel
production

6,270,840 237,313,725 45,052,224 39,706,736

Production of
furniture and
woodworks

7,688,145 411,954,895 69,320,103 68,522,741

Paper and
paperboard
production

15,365,932 711,274,861 133,028,394 138,678,470

Total 45,855,786 1,551,380,768 329,407,861 333,817,499

Notes:
1. Total economic impacts were estimated by multiplying the multipliers with the direct effects of
the forest sectors.
2. All monetary values are in 1997 yuan.

value-added share of the forest sectors was 4% of the national GDP.4 Also, they
provided 45.9 million jobs, and paid 329.4 billion Yuan in wages and salaries.

14.4.2 The Policy Scenario

The impacts of the NFPP on the forest sectors and on the whole economy are consid-
ered over the period 1998–2010.5 The increased government investments are used
to: (1) support construction projects required for forest management and fire control,
such as house, road, and fire tower building; (2) purchase equipment and vehicles
for fire control and transportation, and (3) increase seed and seedling production,
stand tending, artificial regeneration, pest control, and other activities.

In contrast, the logging bans and harvest reductions have resulted in decreases
in roundwood production, employee lay-offs, wages and salaries cuts, and a decline

4Despite the bottleneck nature of the forest sectors to the Chinese economy, the shares of industry
output and GDP are much higher compared to those, say, for the United States. In addition to
China’s stage of economic development, a main reason is that the country takes the gross value of
the standing forests into account.
5Since we intended to focus on the socioeconomic impacts of the NFPP in this study, we decided
not to consider questions related to changes in timber production and forest management outside of
the NFPP coverage and the increased imports of forest products. Certainly, they can be addressed
in a similar manner.
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of value-added in the logging and hauling sector. The reduced log production has
in turn affected the production in the other forest sectors. Because timber produc-
tion from natural forests would be maintained at a constant level after 2003 (SFA,
2000), no more changes should thus be expected in annual logging and hauling
(�Z̄h = 0).

Tables 14.6, 14.7, 14.8, and 14.9 summarize the impacts of the NFPP on the for-
est sectors. Compared to the 1997 base case, the total output of the forest sectors
was reduced by 1.3 billion Yuan in 1998 due to the logging bans and harvest reduc-
tions. However, the government investments led to an output increase in the forest
sectors by 2.4 billion Yuan in the same year. The net output in the forest sectors thus
gained 1.1 billion Yuan. The annual output of the forest sectors will expand by 5.8
billion Yuan by 2010. In addition, there were 0.04 million laid-off employees, while
the government investments added 0.34 million jobs in the forest sectors in 1998.
The net increase of employment in the forest sectors was 0.3 million. While the
logging and hauling sector has suffered substantial job reductions during the past
several years, the employment of the forest management sector has been expanding.
Notably, these results are very close to the figures reported in the China Forestry
Statistics Yearbook (1998, 1999). The total employment of the forest sectors is pro-
jected to increase by 0.84 million by 2010.

The reduced log production caused a loss of value-added in the forest sectors
by 0.8 billion Yuan in 1998, but the increased investments in forest management
resulted in a value-added gain by 1.7 billion Yuan. The annual value-added in
the forest sectors will increase by 4.2 billion Yuan in 2010, of which wages and
salaries will account for 3.7 billion Yuan. In short, the implementation of the NFPP
will greatly benefit the forest sectors from the increased governmental investments,
although the benefits come with a significant cost to the logging and hauling sector.

Likewise, the NFPP has both positive and negative effects on the whole economy
(Tables 14.6, 14.7, 14.8, and 14.9). Compared to the 1997 base case, the annual
industry output of the whole economy will expand by 8.9 billion Yuan, and the
annual employment will increase by 0.93 million by 2010. Also, the NFPP will
augment the annual value-added by 5.4 billion Yuan, of which wages and salaries
will increase by 4.3 billion Yuan. As a result, implementing the NFPP will benefit
the whole economy as well. For instance, the annual output of the agricultural sector
will expand by 0.3 billion Yuan, and its annual employment will increase by 39,000
by 2010.

14.5 Conclusions and Discussion

Using an I–O analysis, this chapter has assessed the socioeconomic impacts of the
NFPP on the forest sectors and the whole Chinese economy. The advantage of this
approach is its ability to measure both intra-sectoral and inter-sectoral linkages, and
to examine the economic responses to changes in the final demand and/or the out-
put of a certain sector. To sum up, the NFPP will expand the annual output of the



248 Y. Shen et al.

Ta
bl

e
14

.6
O

ut
pu

tC
ha

ng
es

in
th

e
Fo

re
st

Se
ct

or
s

an
d

th
e

W
ho

le
E

co
no

m
y

In
du

ce
d

by
th

e
N

FP
P

(U
ni

t:
10

00
yu

an
)

Se
ct

or
19

98
19

99
20

00
20

05
20

10

Fo
re

st
In

cr
ea

se
2,

32
9,

34
4

4,
33

0,
92

5
5,

40
5,

97
7

5,
69

4,
58

5
5,

69
4,

58
5

M
an

ag
em

en
t

D
ec

re
as

e
15

5,
71

0
36

7,
77

5
50

4,
21

1
0

0
N

et
ch

an
ge

2,
17

3,
63

4
3,

96
3,

15
0

4,
90

1,
76

6
5,

69
4,

58
5

5,
69

4,
58

5
L

og
gi

ng
an

d
In

cr
ea

se
6,

76
5

11
,6

00
14

,4
80

15
,2

53
15

,2
53

ha
ul

in
g

D
ec

re
as

e
1,

08
1,

21
2

2,
55

3,
74

1
3,

50
1,

12
2

0
0

N
et

ch
an

ge
–1

,0
74

,4
47

–2
,5

42
,1

41
–3

,4
86

,6
42

15
,2

53
15

,2
53

Sa
w

m
ill

in
g

an
d

In
cr

ea
se

7,
50

2
11

,9
73

14
,9

45
15

,7
43

15
,7

43
pa

ne
lp

ro
du

ct
io

n
D

ec
re

as
e

3,
97

6
9,

39
1

12
,8

75
0

0
N

et
ch

an
ge

3,
52

6
2,

58
2

2,
07

0
15

,7
43

15
,7

43
Pr

od
uc

tio
n

of
In

cr
ea

se
4,

91
5

8,
04

7
10

,0
45

10
,5

81
10

,5
81

fu
rn

itu
re

an
d

D
ec

re
as

e
2,

38
6

5,
63

7
7,

72
8

0
0

w
oo

dw
or

ks
N

et
ch

an
ge

2,
52

9
2,

41
0

2,
31

7
10

,5
81

10
,5

81
Pa

pe
r

an
d

In
cr

ea
se

22
,6

87
37

,3
52

46
,6

24
49

,1
13

49
,1

13
pa

pe
rb

oa
rd

D
ec

re
as

e
10

,3
56

24
,4

60
33

,5
33

0
0

pr
od

uc
tio

n
N

et
ch

an
ge

12
,3

31
12

,8
92

13
,0

91
49

,1
13

49
,1

13
Su

bt
ot

al
ne

t
ch

an
ge

1,
11

7,
57

3
1,

43
8,

89
3

1,
43

2,
60

2
5,

78
5,

27
5

5,
78

5,
27

5

O
th

er
se

ct
or

s
In

cr
ea

se
1,

49
5,

08
3

2,
36

9,
73

4
2,

95
7,

96
5

3,
11

5,
88

2
3,

11
5,

88
2

D
ec

re
as

e
74

0,
51

6
1,

74
9,

04
4

2,
39

7,
90

0
0

0
N

et
ch

an
ge

75
4,

56
7

62
0,

69
0

56
0,

06
5

3,
11

5,
88

2
3,

11
5,

88
2

To
ta

ln
et

ch
an

ge
1,

87
2,

14
0

2,
05

9,
58

3
1,

99
2,

66
7

8,
90

1,
15

7
8,

90
1,

15
7

N
ot

es
:

1.
T

he
in

cr
ea

se
of

in
du

st
ry

ou
tp

ut
is

in
du

ce
d

by
th

e
go

ve
rn

m
en

t
in

ve
st

m
en

ts
in

fo
re

st
pr

ot
ec

tio
n

an
d

m
an

ag
em

en
t,

w
he

re
as

th
e

de
cr

ea
se

is
in

du
ce

d
by

th
e

lo
gg

in
g

ba
ns

an
d

ha
rv

es
tr

ed
uc

tio
ns

.
2.

Se
e

di
sc

us
si

on
on

pp
.4

–5
fo

r
lo

gg
in

g
ba

ns
an

d
ha

rv
es

t
re

st
ri

ct
io

ns
ov

er
tim

e;
an

d
se

e
Ta

bl
e

14
.2

fo
r

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n,
m

an
ag

em
en

t,
an

d
ex

pa
ns

io
n.

3.
T

he
re

su
lts

ar
e

re
po

rt
ed

in
an

nu
al

ch
an

ge
s

fo
r

co
m

pa
ri

ng
w

ith
th

e
ba

se
ca

se
.



14 Measuring the Aggregate Socioeconomic Impacts of China’s NFPP 249

Ta
bl

e
14

.7
A

nn
ua

lC
ha

ng
es

of
E

m
pl

oy
ee

s
in

th
e

Fo
re

st
Se

ct
or

s
In

du
ce

d
by

th
e

N
FP

P

Se
ct

or
19

98
19

99
20

00
20

05
20

10

Fo
re

st
In

cr
ea

se
34

2,
74

4
63

7,
33

1
79

5,
55

1
83

8,
06

1
83

8,
06

1
m

an
ag

em
en

t
D

ec
re

as
e

22
,9

45
54

,1
94

74
,2

99
0

0
N

et
ch

an
ge

31
9,

79
9

58
3,

13
7

72
1,

25
2

83
8,

06
1

83
8,

06
1

L
og

gi
ng

an
d

ha
ul

in
g

In
cr

ea
se

21
7

37
8

47
4

50
2

50
2

D
ec

re
as

e
15

,9
09

37
5,

76
2

51
5,

16
1

0
0

N
et

ch
an

ge
–1

5,
69

2
–3

75
,3

84
–5

14
,6

87
50

2
50

2
Sa

w
m

ill
in

g
an

d
pa

ne
l

In
cr

ea
se

10
5

17
1

21
4

22
8

22
8

pr
od

uc
tio

n
D

ec
re

as
e

56
13

1
18

0
0

0
N

et
ch

an
ge

49
40

34
22

8
22

8
Pr

od
uc

tio
n

of
fu

rn
itu

re
In

cr
ea

se
19

33
42

45
45

an
d

w
oo

dw
or

ks
D

ec
re

as
e

9
22

31
0

0
N

et
ch

an
ge

10
11

11
45

45
Pa

pe
r

an
d

pa
pe

rb
oa

rd
In

cr
ea

se
20

7
36

2
45

7
49

2
49

2
pr

od
uc

tio
n

D
ec

re
as

e
95

22
4

30
7

0
0

N
et

ch
an

ge
11

2
13

8
15

0
49

2
49

2
Su

bt
ot

al
ne

tc
ha

ng
e

30
4,

27
8

20
7,

94
2

20
6,

76
0

83
9,

32
8

83
9,

32
8

O
th

er
se

ct
or

s
In

cr
ea

se
40

,5
44

69
,8

43
88

,0
75

94
,7

18
94

,7
18

D
ec

re
as

e
18

,2
44

43
,0

90
59

,0
75

0
0

N
et

ch
an

ge
22

,3
00

26
,7

53
29

,0
00

94
,7

18
94

,7
18

To
ta

ln
et

ch
an

ge
32

6,
57

8
23

4,
69

5
23

5,
76

0
93

4,
04

6
93

4,
04

6

N
ot

es
:

1.
T

he
po

si
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

go
ve

rn
m

en
t

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n
an

d
m

an
ag

em
en

t,
w

he
re

as
th

e
ne

ga
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

lo
gg

in
g

ba
ns

an
d

ha
rv

es
t

re
du

ct
io

ns
.T

he
po

si
tiv

e
ef

fe
ct

s
ar

e
un

de
re

st
im

at
ed

du
e

to
th

e
la

ck
of

co
ns

um
pt

io
n

da
ta

fo
r

lo
gg

er
s,

w
ho

ar
e

co
m

pe
ns

at
ed

by
th

e
N

FP
P.

A
ft

er
20

03
,t

he
ne

ga
tiv

e
ef

fe
ct

s
in

du
ce

d
by

th
e

lo
gg

in
g

ba
ns

an
d

ha
rv

es
tr

ed
uc

tio
ns

w
ill

be
ze

ro
.

2.
Se

e
di

sc
us

si
on

on
pp

.4
–5

fo
r

lo
gg

in
g

ba
ns

an
d

ha
rv

es
t

re
st

ri
ct

io
ns

ov
er

tim
e;

an
d

se
e

Ta
bl

e
14

.2
fo

r
in

ve
st

m
en

ts
in

fo
re

st
pr

ot
ec

tio
n,

m
an

ag
em

en
t,

an
d

ex
pa

ns
io

n.
3.

T
he

re
su

lts
ar

e
re

po
rt

ed
in

an
nu

al
ch

an
ge

s
fo

r
co

m
pa

ri
ng

w
ith

th
e

ba
se

ca
se

.



250 Y. Shen et al.

Ta
bl

e
14

.8
A

nn
ua

lC
ha

ng
es

of
W

ag
es

an
d

Sa
la

ri
es

in
th

e
Fo

re
st

Se
ct

or
s

In
du

ce
d

by
th

e
N

FP
P

(U
ni

t:
10

00
yu

an
)

Se
ct

or
19

98
19

99
20

00
20

05
20

10

Fo
re

st
In

cr
ea

se
1,

50
7,

78
0

2,
80

3,
40

0
3,

49
9,

27
9

3,
68

6,
09

4
3,

68
6,

09
4

m
an

ag
em

en
t

D
ec

re
as

e
10

0,
93

8
23

8,
40

8
32

6,
85

2
0

0
N

et
ch

an
ge

1,
40

6,
84

2
2,

56
4,

99
2

3,
17

2,
42

7
3,

68
6,

09
4

3,
68

6,
09

4
L

og
gi

ng
an

d
In

cr
ea

se
1,

95
7

3,
35

6
4,

18
9

4,
41

2
4,

41
2

ha
ul

in
g

D
ec

re
as

e
25

3,
86

8
98

3,
26

7
1,

34
8,

03
7

0
0

N
et

ch
an

ge
–2

51
,9

11
–9

79
,9

11
–1

,3
43

,8
48

4,
41

2
4,

41
2

Sa
w

m
ill

in
g

an
d

In
cr

ea
se

1,
04

3
1,

66
5

2,
07

8
2,

18
9

2,
18

9
pa

ne
lp

ro
du

ct
io

n
D

ec
re

as
e

55
4

1,
30

8
1,

79
3

0
0

N
et

ch
an

ge
48

9
35

7
28

5
2,

18
9

2,
18

9
Pr

od
uc

tio
n

of
In

cr
ea

se
64

7
1,

05
9

1,
32

2
1,

39
2

1,
39

2
fu

rn
itu

re
an

d
D

ec
re

as
e

31
4

74
3

1,
01

8
0

0
w

oo
dw

or
ks

N
et

ch
an

ge
33

3
31

6
30

4
1,

39
2

1,
39

2
Pa

pe
r

an
d

In
cr

ea
se

3,
79

1
6,

24
2

7,
79

1
8,

20
7

8,
20

7
pa

pe
rb

oa
rd

D
ec

re
as

e
1,

73
3

4,
09

3
5,

61
2

0
0

pr
od

uc
tio

n
N

et
ch

an
ge

2,
05

8
2,

14
9

2,
17

9
8,

20
7

8,
20

7
Su

bt
ot

al
ne

tc
ha

ng
e

1,
15

7,
81

1
1,

58
7,

90
3

1,
83

1,
34

7
3,

70
2,

29
4

3,
70

2,
29

4
O

th
er

se
ct

or
s

In
cr

ea
se

28
4,

28
2

45
7,

27
9

57
0,

78
7

60
1,

26
0

60
1,

26
0

D
ec

re
as

e
13

3,
49

8
31

5,
31

2
43

2,
28

6
0

0
N

et
ch

an
ge

15
0,

78
4

14
1,

96
7

13
8,

50
1

60
1,

26
0

60
1,

26
0

To
ta

ln
et

ch
an

ge
1,

30
8,

59
5

1,
72

9,
87

0
1,

96
9,

84
8

4,
30

3,
55

4
4,

30
3,

55
4

N
ot

es
:

1.
T

he
po

si
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

go
ve

rn
m

en
t

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n
an

d
m

an
ag

em
en

t,
w

he
re

as
th

e
ne

ga
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

lo
gg

in
g

ba
ns

an
d

ha
rv

es
tr

ed
uc

tio
ns

.
2.

Se
e

di
sc

us
si

on
on

pp
.4

–5
fo

r
lo

gg
in

g
ba

ns
an

d
ha

rv
es

t
re

st
ri

ct
io

ns
ov

er
tim

e;
an

d
se

e
Ta

bl
e

14
.2

fo
r

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n,
m

an
ag

em
en

t,
an

d
ex

pa
ns

io
n.

3.
T

he
re

su
lts

ar
e

re
po

rt
ed

in
an

nu
al

ch
an

ge
s

fo
r

co
m

pa
ri

ng
w

ith
th

e
ba

se
ca

se
4.

A
ll

m
on

et
ar

y
va

lu
es

ar
e

in
19

97
C

hi
ne

se
yu

an
.



14 Measuring the Aggregate Socioeconomic Impacts of China’s NFPP 251

Ta
bl

e
14

.9
C

ha
ng

es
of

V
al

ue
-A

dd
ed

in
th

e
Fo

re
st

Se
ct

or
s

In
du

ce
d

by
th

e
N

FP
P

(U
ni

t:
10

00
yu

an
)

Se
ct

or
19

98
19

99
20

00
20

05
20

10

Fo
re

st
In

cr
ea

se
1,

70
7,

46
7

3,
17

4,
67

6
3,

96
2,

71
6

4,
17

4,
27

2
4,

17
4,

27
2

m
an

ag
em

en
t

D
ec

re
as

e
11

4,
30

6
26

9,
98

2
37

0,
13

9
0

0
N

et
ch

an
ge

1,
59

3,
16

1
2,

90
4,

69
4

3,
59

2,
57

7
4,

17
4,

27
2

4,
17

4,
27

2
L

og
gi

ng
an

d
In

cr
ea

se
4,

20
1

7,
20

4
8,

99
2

9,
47

2
9,

47
2

ha
ul

in
g

D
ec

re
as

e
67

1,
44

8
1,

58
5,

90
9

2,
17

4,
24

6
0

0
N

et
ch

an
ge

–6
67

,2
47

–1
,5

78
,7

05
–2

,1
65

,2
54

9,
47

2
9,

47
2

Sa
w

m
ill

in
g

an
d

In
cr

ea
se

2,
28

9
3,

65
2

4,
55

9
4,

80
3

4,
80

3
Pa

ne
lP

ro
du

ct
io

n
D

ec
re

as
e

1,
21

5
2,

86
9

3,
93

3
0

0
N

et
ch

an
ge

1,
07

4
78

3
62

6
4,

80
3

4,
80

3
Fu

rn
itu

re
an

d
so

lid
In

cr
ea

se
1,

29
3

2,
11

7
2,

64
2

2,
78

3
2,

78
3

w
oo

d
pr

od
uc

ts
D

ec
re

as
e

62
9

1,
48

5
2,

03
6

0
0

N
et

ch
an

ge
66

4
63

2
60

6
2,

78
3

2,
78

3
Pa

pe
r

an
d

In
cr

ea
se

6,
66

4
10

,9
71

13
,6

94
14

,4
25

14
,4

25
pa

pe
rb

oa
rd

D
ec

re
as

e
3,

04
6

7,
19

5
9,

86
4

0
0

pr
od

uc
ts

N
et

ch
an

ge
3,

61
8

3,
77

6
3,

83
0

14
,4

25
14

,4
25

Su
bt

ot
al

ne
tc

ha
ng

e
93

1,
27

0
1,

33
1,

18
0

1,
43

2,
38

5
4,

20
5,

75
5

4,
20

5,
75

5
O

th
er

se
ct

or
s

In
cr

ea
se

55
5,

69
7

89
3,

63
0

1,
11

5,
45

2
1,

17
5,

00
3

1,
17

5,
00

3
D

ec
re

as
e

27
3,

01
3

64
4,

83
6

88
4,

05
6

0
0

N
et

ch
an

ge
28

2,
68

4
24

8,
79

4
23

1,
39

6
1,

17
5,

00
3

1,
17

5,
00

3

To
ta

ln
et

ch
an

ge
1,

21
3,

95
4

1,
57

9,
97

4
1,

66
3,

78
1

5,
38

0,
75

8
5,

38
0,

75
8

N
ot

es
:

1.
T

he
po

si
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

go
ve

rn
m

en
t

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n
an

d
m

an
ag

em
en

t,
w

he
re

as
th

e
ne

ga
tiv

e
ef

fe
ct

s
ar

e
in

du
ce

d
by

th
e

lo
gg

in
g

ba
ns

an
d

ha
rv

es
tr

ed
uc

tio
ns

.
2.

Se
e

di
sc

us
si

on
on

pp
.4

–5
fo

r
lo

gg
in

g
ba

ns
an

d
ha

rv
es

t
re

st
ri

ct
io

ns
ov

er
tim

e;
an

d
se

e
Ta

bl
e

14
.2

fo
r

in
ve

st
m

en
ts

in
fo

re
st

pr
ot

ec
tio

n,
m

an
ag

em
en

t,
an

d
ex

pa
ns

io
n.

3.
T

he
re

su
lts

ar
e

re
po

rt
ed

in
an

nu
al

ch
an

ge
s

fo
r

co
m

pa
ri

ng
w

ith
th

e
ba

se
ca

se
.

4.
A

ll
m

on
et

ar
y

va
lu

es
ar

e
in

19
97

yu
an

.



252 Y. Shen et al.

five forest sectors – forest management, logging and hauling, sawmilling and panel
production, furniture and solid wood products, and paper and paperboard making –
by 5.8 billion Yuan and the overall economy by 8.9 billion Yuan by 2010. Employ-
ment will increase by 0.84 million in the forest sectors and by 0.93 million in the
whole economy.

Therefore, if properly implemented, the positive impacts of the NFPP would
much more than offset the negative consequences of the logging bans. It is also
clear that the potentially tremendous contributions to mitigating the problems of
water runoff, soil erosion, flooding, and biodiversity loss are associated with the
enormous expansion of forest protection and management. These environmental
impacts should be evaluated as soon as possible.

In short, the NFPP can be a great environmental and economic policy. Further, it
seems worthwhile to make a trade-off between the short-run revenues and jobs from
exploiting the natural forests and the long-run sustainable development. However,
the challenges are to truly transform the loggers into tree planters and forest man-
agers, to ensure the financial and institutional commitments made by the central and
regional governments to be materialized, and to complete the necessary structural
adjustments in an efficient and coherent fashion.

Nevertheless, care should be taken in reaching any definite conclusions from our
findings. In addition to the shortcomings of our data – the 1997 national I–O table
and forestry statistics may not be as consistent or reliable as we wish, the I–O model
used in this study is static and thus restrictive. It assumes fixed input substitution as
well as exogenous determination of the final demand. Further, our estimation was
based on the routine of aggregating the 124 sectors first and then creating the inverse
matrix of the aggregated sectors and carrying out the necessary calculations. We did
not pursue the other alternative – creating the inverse matrix of the 124 sectors
and conducting the involved calculations first and then aggregating the results to a
smaller number of sectors for presentation. Therefore, the assessed policy impacts
may not be very accurate.

There are other approaches, such as the computable general equilibrium (CGE)
and dynamic I–O (D/I–O) models, which can be used to mitigate some of the con-
cerns or relax some of the assumptions. However, adopting those approaches is not
cost free, too. For instance, while a D/I–O model can explicitly distinguish between
investment and consumption demands and make either or both of them endoge-
nously determined (Leontief, 1936; Schaffer, 1999), it requires more data and time
to develop. Also, it may not be easy to forecast the future values of these variables.
As to the CGE model, its advantage of capturing the general equilibrium (rather
than only the partial equilibrium) effects must be weighed against its assumptions
of the existence of such an equilibrium and fixed functional forms and price elastic-
ities, as well as its added needs for data and analytic work (Kaimowitz & Angelson,
1998). It is based on these considerations that we decided to undertake a static I–
O analysis in this study. On balance, we believe that our work has provided some
interesting estimates of the NFPP impacts, which should significantly advance our
understanding of the long-term policy-induced changes in the forest sectors and the
economy.
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Finally, it should be pointed out that our I–O model can be extended along other
meaningful directions as well. For one, they can be expanded into an environmental
I–O (EIO) analysis by augmenting the transaction matrix with additional rows and
columns to represent the material flows or status changes for soil erosion and water
runoff. Then, it will be practical to assess the environmental effects induced by the
NFPP in a unified framework. Additionally, if regional I–O tables are available, an
I–O analysis can be done at the regional level so that close attention can be given
to those regions most affected by the NFPP. Fortunately, we have obtained China’s
first regional I–O table, which was compiled by the SSB in 2003. It will be exciting
to enhance and expand our current assessment by taking its advantage.
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