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Summary

Changes in land use have affected the environniece fumanity started to cultivate land.
In particular, the clearances of forests, expansiosubsistence agriculture, and increas-
ingly intensive farmland production have fundambéyntahaped the Earth’s surface. The
consequences for the environment range from chgrnigmatmospheric composition to the
modification and loss of ecosystems. Recently, mstation and agricultural emissions
from livestock, soil, and nutrient management asponsible for nearly one quarter of the
yearly green-house-gas (GHG) emissions. The chandearth system functioning in turn
have pivotal effects on livelihoods of people whepend directly or indirectly on ecosys-
tems and the services offered by them. Foresteslystems play a particularly important
role, as they provide crucial food, feed, and fitmrhumanity, and many people rely on
forested areas to secure their livelihoods. Moredegests store massive amounts of car-
bon and sequester carbon dioxide from the atmospheough photosynthesis. However,
forest cover has been decreasing in many countiiegn mainly by agricultural expan-
sion and logging to secure timber. While foreststicme to decline in many countries, in-
dustrialized and emerging economies in particuarehrecently experienced increases in
forested area. China, which was able to reduceregfition and increase its overall forest
cover, is one of these countries. This work aimmtoease the understanding of the prox-
imate causes and underlying drivers of these fam®atr changes in China. Strict en-
forcement of forest protection and massive affatest campaigns have contributed to a
significant increase in China’s forest cover siaceund 1995. At the same time, demo-
graphic changes in rural areas due to changegmdection patterns and the emigration
of younger population segments have substantidigcted land use strategies. By using
household survey data and participatory approadhedract the salient proximate causes
and underlying drivers that influence the decisiohsarm households to plant trees on
former cropland. This is approached with Bayesiatworks, which allow the incorpora-

tion of causal relationships in data analysis aad combine qualitative stakeholder
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knowledge with quantitative data. The structuretlod network is defined with expert

knowledge and in-depth discussions with land uaetswas calibrated and validated with
data from a survey of 509 rural households in tytamod areas of Yunnan province in

Southwest China. The results substantiate theentie of land endowments, labor availa-
bility, and forest policies on switching from crapd to tree planting. State forest policies
have constituted the main underlying driver to fibvest transition in the past, but private
afforestation activities increasingly dominate #gpansion of tree cover. Farmers plant
trees for private incentives mainly to cash in le@ improved economic opportunities pro-
vided by tree crops, but tree planting also com&# an important strategy to adjust to

growing labor scarcities.

Further, the recognition of the importance of fesder local livelihoods, biodiversity, and

the climate system have initiated a growing intemresinderstanding the factors that drive
forest-cover change. Forest transitions, the chémge net deforestation to net reforesta-
tion, may follow different pathways depending ocamplex interplay of driving forces.

However, most studies on forest transitions foaushe national rather than the local level.
To better understand regional diversity in the patys to the forest transition, case studies
in ten villages were conducted to clarify the coaxphteractions among various pathways
of forest transitions, derive insights into the eriging drivers that shaped the forest transi-

tions, and determine the importance of changesivers over time.

In sum, | demonstrate that China’s recent for@stdition was caused by a range of interre-
lated pathways that were mediated by local circantsts. The degradation of forest eco-
system services caused by rampant deforestatioioagst degradation created a scarcity
of forest products and triggered state-initiatetbratation efforts, particularly in the

1990s, which continue to be important. More reggm@tonomic development concomitant
with smallholder intensification spurred reforestaf while the importance of state forest
policy declined. The complexity of local land udeanges demonstrates the difficulty of
identifying distinct transition pathways and cdlls a more diverse approach that recog-

nizes the interdependence of local processes.



Zusammenfassung

Seit dem die Menschheit Landwirtschaft betreibtbdm Landnutzungsanderungen die
Umwelt beeinflusst und geéndert. Besonders dasiRgdezer Walder, die Expansion der
Subsistenzlandwirtschaft und die immer intensivetribbenen landwirtschaftlichen Pro-
duktion haben die Erdoberflache grundlegend venénB®ee Folgen fir die Umwelt rei-

chen hierbei von Anderungen in der ZusammensetdengAtmosphéare bis zu der Ver-

nichtung ganzer Okosysteme. Gegenwartig sind Ahlimgjz Emissionen aus der Tierhal-
tung und Landwirtschaft fur annahernd ein Viertel dreibhausgasemissionen verant-
wortlich. Diese Einfliisse auf die 6kologischen Istéufe Uben gleichzeitig Einflisse auf
die Lebensumstande der Menschen aus, die direktiodieekt von bestimmten Okosys-

temen oder deren Nutzung abhangig sind. Hierbeiapidie Wald-Okosysteme durch das
Bereitstellen von Nahrung, Futter und BaumateidslLabensgrundlage fir eine Grofl3zahl
von Menschen eine herausragende Rolle. Zudem speitMalder groRe Mengen an Koh-
lenstoff und binden atmospharisches Kohlendioxitklulie Fotosynthese. Trotzdem ging
in der Vergangenheit in vielen Landern die Waldlokdeg als Folge der Ausweitung der
Landwirtschaft und des Holzeinschlags zuriick. Wiadhrie vielen Landern dieser Ruck-

gang anhielt, nimmt in manchen industrialisierteémdlern und aufstrebenden Volkswirt-
schaften gegenwartig die Waldbedeckung wieder mesEdieser Lander, welches es ge-

schafft hat den Riickgang zu stoppen und die Walddlavieder zu vergrofRern, ist China.

Ziel dieser Arbeit ist es, das Wissen zu den umthigiren Ursachen und den zugrunde lie-
genden Grunden fur die erfolgreiche Wiederbewaldungrweitern. Ein wichtiger Aspekt
fur die erfolgreiche chinesische Wiederbewaldung das strikte Durchsetzten von
SchutzmalRnahmen und massive Aufforstungsprograneihd 395. Zeitglich auftretende
demographische Entwicklungen und emigrierende juBgedlkerungsteile haben die
Landnutzungsstrategien in den landlichen Gebieteimas grundlegend verandert. Durch
die Kombination von Daten einer umfassenden Hatsbeftagung und qualitativer For-

schungsansétze zeigt die vorliegende Arbeit diektkn und indirekten Faktoren, welche
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die Entscheidung von Landnutzern beeinflussen audwirtschaftlich genutzten Flachen
Baume zu pflanzen. Diese Entscheidung wird mitreilBayes’sches Netzwerk modelliert,
welches es erlaubt, ursachlich Zusammenhangenria®nanalyse und qualitative In-
formationen betroffener Akteure mit quantitativeatén in der Analyse zu kombinieren.
Die Struktur diesen Netzwerkes wurde auf Basis Egpertenwissen und Interviews mit
Landnutzern gebildet, und anschlieRend mit Datem 5@ untersuchtet Haushalten aus
zwei Gebieten im Hochland Yunnans, Sudwestchinbdiea und kalibriert. Die Ergeb-
nisse bestatigen den Einfluss des verfligbaren lsarabr verfiigbaren Arbeitskraft und
Aufforstungspolitik auf den Landnutzungswechsel Vaokerland zu agroforstlicher oder
rein forstlichen Nutzung. In der Vergangenheit éalie staatliche Aufforstungspolitik den
grédten Einfluss auf Landnutzungsentscheidungesedidrt. Jedoch hat die Bedeutung
privater, nicht geforderter Aufforstung zugenomnuenal ist gegenwartig wichtigste Ursa-
che fur den Landnutzungswechsel. Die Landwirtenziém die Baume hauptsachlich auf-
grund der neuen wirtschaftlichen Mdéglichkeiten, et ihnen eine finanzielle Einkom-
mensmoglichkeit bietet. Zudem stellt der WechsélFRaiichte tragender Baume eine wich-

tige Strategie dar, mit welcher dem zunehmenderifgkraftemangel begegnet wird.

Die Wahrnehmung der Bedeutung von Waldern als Lsipeimdlage menschlichen Da-
seins, fur die Biodiversitat und das weltweite Kdirnat das Bestreben verstarkt, die welt-
weiten Anderungen in der Waldbedeckung zu verstelda ,Forest transition, das

Wechseln einer zurtiickgehenden Waldbedeckung inwieder zunehmende Waldbede-
ckung, folgt in ihrer Entwicklung unterschiedlich&ferlaufen, deren Muster von einer
Verknupfung und Abfolge urséachlichen Faktoren alghdbiese Muster wurden in der

Vergangenheit hauptsachlich auf der nationalen &lmmtrachtet und beschrieben, wobei
lokale Entwicklungen vernachlassigt wurden. Um mdigionale Unterschiede in den Ent-
wicklungsmustern zu verstehen, wurden zehn DdéfterFallstudien untersucht. Die hie-

raus erhaltenen Ergebnisse zeigen die engen Zusamamge zwischen den einzelnen
Entwicklungsmustern, die Grinde fur die Auspragdeg einzelnen Muster und belegen

die Bedeutung der sich &ndernden Rahmenbedingungen.

Zusammenfassend zeigt diese Arbeit, dass die ZumalenWalder in China durch eine
Reihe miteinander verbundener Entwicklungsschuttéd -muster begrindet liegt, welche
in ihrer Auspréagung von lokalen Bedingungen bestimmerden. Als Folge der staatlichen

Abholzung kam es zu einem Ruckgang der 6kologiséhenstleistungen der Walder, in
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Form rasanter Entwaldung und Degradierung der sdrdhden Walder. Die Folgen des
massiven Holzeinschlages l6sten umfangreiche AstiiogsmalRnahmen in den 1990er
Jahren aus, deren Bedeutung noch heute anhaltn®@age treten jedoch diese staatli-

chen Anreize fur die Wiederbewaldung in den Hintengl, wahrend Anderungen in den
wirtschaftlichen Rahmenbedingungen und kleinbacieeli IntensivierungsmalRinahmen
Hauptursache fiir die Wiederbewaldung sind. Die Klexigit lokaler Landnutzungswech-

sel zeigt die Schwierigkeiten bei der Identifikatieinzelner unterschiedlicher und klar ab-
grenzbarer Entwicklungsmuster und begrindet hietbriBedarf fur weitgefasste und in-
terdisziplindre Forschungsansatze, welche die Adpgériten und Zusammenhange der

lokalen Prozesse berticksichtigen.
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1 Introduction

Changes in land use and therefore in ecosystenes dféected the environment since hu-
manity started to cultivate land (Turner Il, Lamkand Reenberg 2007, Rudel 1998).
Those changes include clearing forests, practigulgsistence agriculture, intensifying
farmland production, and expanding inhabited plaedsch together have fundamentally
shaped the world’s surface (Foley et al. 2005). dimaronmental side effects of past land
use changes range from changing the atmospheripagition to the modification and loss
of ecosystems. The Intergovernmental Panel on @irGdange (IPCC) estimates the an-
nual greenhouse-gas (GHG) emissions from agri@allproduction in 2000 — 2010 at 5.0 —
5.8 GtCQeq / yr while annual GHG flux from land use anddarse change activities ac-
counted for approximately 4.3 — 5.5 Gtéeq@ / yr. Deforestation and agricultural emissions
from livestock, soil, and nutrient management aexeby responsible for nearly one quar-
ter of the yearly anthropogenic GHG emissions (Brattal. 2014). Land use changes af-
fect regional climates through changes in surfasrgy and water cycles, and anthropo-
genic inputs from fertilizers and other pollutahts/e widespread impacts on water quality
(Kalnay and Cai 2003). Moreover, land use and laswl changes are the main sources for
the degradation of soils and marine ecosystemsbélrand EIl-Kholy 1992) and have
caused massive biodiversity decline through the tmanodification of habitats (Pimm and
Raven 2000). In sum, land use and land-cover clsasigiestantially affected Earth system
functioning (Lambin et al. 2001), and the changethé Earth system in turn have pivotal
effects on livelihoods of people who depend diseotl indirectly on the ecosystems and
the services offered by them.

The number of publications covering the topicsapid use and land use change, land cover
change, and forest-cover change prove that thesestare emerging as important research
areas, combining diverse scientific disciplines anethodologies (Mtller and Munroe
2014). Geographers, environmental scientists, Eagmks ecologists, and agricultural econ-
omists are seeking answers to the question of dinats land-cover and land use change
(Burgi, Hersperger and Schneeberger 2005, Geist Llambin 2001, Kaimowitz and
Angelsen 1998). Many factors have been identifedeing important for land use change.
Kates, Turner, and Clark (1990) pointed out thabties of human-environment relation-
ships have to include the relations among the migiiorces of human-induced change,

processes, and activities among them, as well amhibehavior and organization. There-
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fore, the web of driving forces forms a complexteys of dependencies, interactions, and
feedback. To understand such a complex systermédsssary to explore the relationships

and connections between people and their enviroh(Bémgi et al. 2005).

A detailed division of the drivers, as by Brandtipilahl, and Reenberg (1999) or Lambin
and Meyfroidt (2010), is useful. They separateddheers into socioeconomic, political,
technological, and cultural driving forces. Socim@amic drivers are often caused by eco-
nomic causal chains Market economies, with reglgreahd globally interlinked connec-
tions, have a strong influence on forms of land ars& are often the strongest determinant
of land use decisions. The effects of the marketefo are mediated by another set of fac-
tors (Lambin et al. 2001). Adding the basic neddseople, which are the strongest factors
affecting landowners and their land use decisioakeas this group of factors the most im-
portant driver. Political drivers, translated inws and programs, vary broadly. This
ranges from crop quotas to taxes or global agretsrtenmitigate greenhouse gas emis-
sions. Another kind of government intervention tiate-initiated payments for ecosystem
services (PES), which honor an environmentally beiaé behavior with a monetary or in-

kind compensation.

Infrastructural innovations and developments, sashrailways and highways, are sub-
sumed as technological drivers, which often hag&r@ng impact on the many factors in-
fluencing land use decisions by altering marketeas@and affecting job opportunities out-
side the farm. The access to information, defingd\ailability of telephone lines or inter-

net, is closely related to this category.

Natural drivers can be separated into two categofibe first are place-specific endow-
ments that shape the location of land use charajeshilefined by soil characteristics, cli-
mate, topography, and natural disturbances (GetgstLambin 2002). These site factors are
typically stable in the short term but might chamnge longer perspective. The second cat-
egory are fast-acting natural disturbances, indgdandslides, fires, or hurricanes, which
can affect the land use substantially, while sloadying disturbances such as soil degrada-
tion, salinization of agricultural land, or climatbanges are similarly strong but may per-

mit a gradual adaptation to changing circumsta(Bésgi et al. 2005).

Finally, culture is also a very important albeirweomplex factor. Natural and cultural
drivers affect each other; often the recent langisda a consequence of long lasting land
use patterns that are typical for the prevailinfjurea and natural conditions. However, as

cultural values change, existing land use pattadapt to these appreciations. On the other
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hand, cultural values are also able to prevent gdmanf they contradict cultural habits
(Nassauer 1995, Blirgi et al. 2005).

It is particularly important to understand changegorested ecosystems because forests
provide crucial food, feed, and fiber for humanapd many people rely on forested areas
to secure their livelihoods (Sunderlin et al. 2008preover, forests store massive amounts
of carbon and sequester carbon dioxide from theogpimere through photosynthesis
(Malhi and Grace 2000). However, forest cover hesnbdecreasing in many countries,
driven mainly by agricultural expansion and loggiagecure timber (Chomitz 2007, Geist
and Lambin 2002). While forests continue to decimenany countries, industrialized and
emerging economies in particular have recently egpeed increases in forested area
(Lambin and Meyfroidt 2010). A better understandaighe drivers underlying deforesta-
tion and reforestation is important to assessyikaiure trajectories of forest-cover change

and to steer forest use onto sustainable pathways.

1.1 Forest transition — pathways and local variety

A forest transition describes the process in whightrend of decreasing forest area (de-
forestation) changes to expanding forest arear@sfation) (Mather 1992). The classic cy-

cle begins with low deforestation in early stagd®ewlittle pressure on forest resources is
exerted by humans (Figure 1). In later stages,rdsfation starts to accelerate in so-called
agricultural frontier areas where expansion of lasd is the dominant strategy to satisfy
consumption needs (Angelsen 2007). Later, defdrestdas often been shown to de-

crease, arguably because agricultural expansios, @ugulation growth rates slow down,

or changing political climates protect forest rases. Due to this combination of deceler-

ating rates of deforestation and accelerating ratesfforestation, the total area of forest

starts to recover (Mather 1992). At this pointime, when the forest area changes from
net deforestation to net reforestation, the turrpegt of the forest transition is reached

(Figure 1) (Rudel et al. 2005). However, typicaigtural forests are depleted and replant-
ed, with managed forests replacing the pristinedbm the course of the forest transition

(Mather 1992), and societies increasingly rely esources from secondary forests to satis-
fy their consumption needs. Such secondary fodts lack original, pristine biodiversi-

ty and provide fewer ecosystem services, suchrb®eatorage and sequestration.



Deforestation Reforestation

Max —

Forest cover

Min —

. Turning Point

Time

Figure 1: The forest transition: Forest regrowth ater a period of forest decline
Source: Adpated from Mather (1992)

The sequence of deforestation followed by lateoresftation has been observed in many
countries over the course of time. For exampleedbtransitions have been documented in
several European countries such as Scotland (Ma20@), France (Mather, Fairbairn and
Needle 1999), and Switzerland (Mather and Fairb20@0). More recently and for quite
similar reasons, forest transitions have also ldxerved in some tropical countries such
as Costa Rica (Calvo-Alvarado et al. 2009), Vietn@meyfroidt and Lambin 2009), and
China (Mather 2007, Xu et al. 2007).

Most of these studies focus on country-level diatd,within-country variation of changes
in forest cover can be substantial. For example tithing of the turning point of changes
from deforestation to reforestation varies subsiptacross the former Soviet Union,
with some regions turning in the late™&ntury while others have not yet experienced the
turning point (Kuemmerle et al. 2015). In all okf® cases decreasing population growth,
urbanization following industrialization, and growji agricultural productivity, as well as
the decrease in deforestation and eventually tbee@se in forest cover, have been men-

tioned as driving factors.
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While empirical studies prove the occurrence oés$brtransitions in countries in Europe,
North America, and recently in tropical countri@ssimilarity in the patterns of forest-
cover change does not automatically imply thatdheses and reasons for the observed
transitions are the same (Lambin and Meyfroidt 20Rudel describes the transition,
which took place in several European countrieshoidh America (Lambin and Meyfroidt
2010), as follows: During the first phase incregdliabor shortages in cities and parallel
increasing wages pull workers out of agriculturd eeduce the profitability of agricultural
enterprises. As a consequence, remote and lels faatts of agricultural land get aban-
doned and revert slowly back to forest. As thaahiabor force shortage is caused by the

economic development, this sequence of eventdlesidhe economic development path.

A different situation occurs when a limited availdy of forest products spurs increases in
prices of forest products. Because of the highesremd increased profitability, landowners
plant trees instead of perennial crops. In thiectse scarcity of forest causes the limited
availability of forest products in a sequence thatalled the forest scarcity pathway to the
forest transition. This development is enforcedopblitical activities supporting reforesta-
tion to increase the provision of ecosystem sesyiseich as water mitigation or erosion
control. These developments are subsumed in tlestf@carcity pathway (Lambin and
Meyfroidt 2010, Rudel 2009).

Recent case studies have revealed three other ¢§peaest transition paths. The state for-
est pathway describes cases in which nationaltfpaiies are the main cause for the for-
est transition. The implementation of such poliaesy be triggered by scarce forests or
limited provision of ecosystem services providedfbsests, but the underlying reasons
comes from outside the forestry sector. In suckesdise transition is a side effect of the
political willingness to modernize the economy dadd use, the integration of marginal
social groups, or the attempt to create a “morergrgicture of a country (Lambin and

Meyfroidt 2010, Rudel 2009).

The recently increasing integration of nationalresmaies into global markets has lessened
the importance of national boundaries by increastiage of commodities, labor, and capi-
tal flows (Kastner et al. 2012). In comparison istdrical forest transitions, modern econ-
omies are strongly integrated into global marketcttires and are affected by globaliza-
tion. As a consequence of the globalization, preegsuch as neo-liberal market reforms,
labor migration, the implementation of internatiboanservation ideas, and growing tour-

ism are taking place and affect national societies policies, and thereby the national for-
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est cover (Geist and Lambin 2002, Lambin and Megfr2010). However, as the increas-
ing possibility and opportunity to migrate globakyables migrants sending back remit-
tances, affects the decision to migrate directhe of the core arguments of the economic
pathway, and a clear differentiation between trhese pathways does not seem possible.
Another factor showing how global markets affectioral forests is the displacement of
deforestation. The global timber trade allows caoestto decrease their own timber har-
vestings and to increase the import of timber fiathner countries (Laurance 2008, Mayer
et al. 2005).

A fifth pathway is characterized by an expandirgetcover on agricultural land and or-
chards in the form of agroforestry systems or fasthards. Such landscape mosaics are
characterized by agricultural lands intersectedrbgs, which create a continuity between
planted and natural forests. The reasons for plgritees are often to reduce vulnerability
to economic and environmental shocks and diversdgme sources and agricultural labor
demand (Ediger 2006, Meyfroidt and Lambin 2009tSagro-forests can be seen as land
use intensification, as an initial increase of itspn the form of labor and capital is neces-
sary. At later stages the labor demand might bdlemnihan in agriculture. The motivation
for farmers to plant trees is not driven by forgsdrcity but by innovations in land use sys-
tems and changing availability of household assetéch makes the difference between
this path and the forest scarcity pathway (Lamipich lsleyfroidt 2010).

The pathway framework is useful for categorizingmparing, and understanding the pro-
cesses underlying the forest transition as it liodkanges in forest area to the underlying
causes, but this should not hide the fact thatdhma and timing of the transition vary from
case to case. As the causes for the deforestatoat deast partly specific to localities, so
also are those of the forest transition (Mather2)9Because of the national focus of many
empirical studies (see, e.g., Farley 2010, Matld@73), national statics are utilized to ex-
plain the forest transition which neglects locahw@cteristics (Klooster 2003, Perz 2007).
By the use of data aggregated on the national lepeicial local developments or anoma-
lies are neglected as their importance on natitaval becomes blurred. However, focus-
ing on the local scale can better highlight the yniateractions of different processes and
their impacts on forest cover, including througbeditangling the effect of the implementa-
tion of national policies, land use conflicts, adidferent socioeconomic endowments.
Moreover, spatial characteristics remain cleargjble and do not average out as they do at

the aggregated level. For example, forest cover dejine in a region and recover in a
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neighboring region (Perz 2007), or local naturalemments may result in different land

use strategies and in spatially varying reforestapiatterns (Klooster 2003). Therefore im-
proved knowledge of forest-cover change at locatll®ffers the opportunities to under-

stand the impact of interacting and simultaneowosigoing processes on the forest transi-
tion (Farley 2010, Klooster 2003).

1.2 Research questions and methodical approach

The overarching goal guiding the research presentéus dissertation is to shed light on
the drivers that shape the forest transition in vamprovince, China. The research is fo-
cused on the local level in order to understandutigerlying drivers for land use decisions
of farmers and their processes, how these varysaantiages and regions, and what drives
the observed changes. The empirical work was basethta collected in field work at the

village level in Yulong and Longyang.

The research is presented in two parts. The fiast (Chapter 4) uses a predominantly
quantitative approach and household survey dataatetl in the field to analyze the fac-

tors that shape land use decisions of householasrdsearch questions of Chapter 4 are:

- What are the main drivers that influence dleeisionof farmers to plant trees on former
cropland?
- Which drivers are the most influential in explamimow farmers decide on theea

planted with trees?

The guantitative approach offers the advantageoofparing a large number variables for
a representative cross-section of cases. The oetecoeasures the importance of several
factors in the decision of converting agricultulahd and joining state-led afforestation

programs. It sheds light on the variables affectimgdecision to join an afforestation pro-

gram, as well as the circumstances that affecatba that is converted.

Chapter 5 scales out the information and knowlegigeed in Chapter 4 to the village lev-
el and shows the complex interactions among thferdifit pathways of forest transition.
The qualitative analysis of the ten case studwagék derives insights about the underlying
drivers that shaped the forest transitions acribssualy villages and over a time horizon of

50 years. The key research questions in this chapge

- What differences can be observed between theasss?



- How did the main drivers of the forest transitdrange over time?
- What parallel driving forces can be observechmdifferent villages?

The results show that the pathways of forest ttemsare not predetermined but change
over space and time. In particular it is shown hbg/main underlying drivers vary among
the villages and how changes in political, econgmaied social framework conditions

shape subsequent forest-cover changes.

1.3 Structure of this dissertation

This dissertation includes five thematic chapt@fser this introduction, | will assess his-
toric changes in Chinese forest cover in Chaptaff2r a description of the study region
and data collection in Chapter 3, followed by twsearch chapters that present the analy-
sis of primary data for Yunnan province. | will thdiscuss the results of these chapters in

Chapter 6, followed by final conclusions.

The two research chapters have been published enrpeiewed international journals

listed in the Web of Science of Thomson Reuters:

Chapter 4: Frayer, J., Sun, Z., Mller, D., MunmeK., Xu, J., 2014. Analyzing the driv-
ers of tree planting in Yunnan, China, with BayasmetworksLand Use Policy36: 248-
258. doi:10.1016/j.landusepol.2013.08.005

Chapter 5: Frayer, J., Mlller, D., Sun, Z., MunrDe, Xu, J., 2014. Processes Underlying
50 Years of Local Forest-Cover Change in Yunnan,n&rorests5(12): 3257-
3273. http://dx.doi.org/10.3390/f5123257



2 The forest transition in China

In the past China’s forests went through periodsdefiorestation and forest recovery.
Based on historic developments nearly no primaryratisturbed forest remains. The last
times China experienced massive deforestation therperiods of the Great Leap Forward
from 1958 to 1961 and the Cultural Revolution frd®66 to 1976 (Zhang et al. 2000,
Song and Zhang 2010). Management and natural regjereshaped the remaining forest
over decades. Only in remote areas did naturasfasmain undisturbed. Following offi-
cial Chinese data on forest cover, total forestecam 1949 was 8.6%. During this time,
timber was an important resource, the price of whwas not set by its scarcity but by the
government. The amount of timber harvested waspbammpensated by forest regrowth
in the form of plantations. As a result the foreestources were almost depleted and the
structure of the forests was altered significarigng (2010) characterized three stages of
the Chinese forest development: stage |, the ulessthge; stage Il, the recovery stage;
and stage lll, the stage of expansion. Stage éctfIthe first years of forest exploitation
described above. Stage Il, started in the ear8049is characterized by the harvesting of
timber plantations, which allowed the natural fotesrecover and resulted in a slow forest
cover increase. At the same time the Chinese gowvamhstarted its first ecological pro-
grams aimed at environmental protection and impidate the “Three Fixes Policy,”
which transferred the responsibility and benefit$ooest management to local communi-
ties and rural households, thereby increasing thesipilities and incentives for private
households to engage in afforestation (Xu and J0@P). Consequently the forest de-
crease slowed down and forest cover started teaser, resulting in a change from net de-
forestation to net reforestation. According to datan national forest inventories, con-
ducted every five years in China, the lowest poifrfiorest cover was 12% in 1981 (Song
and Zhang 2010)he reversal of forest decline to forest coverease was not a result of
market forces as in other countries. It was indumgdovernments’ efforts to mitigate the

increasing ecological impacts as consequence e$falepletion. The expansion stage (lll)
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started in the late 1990s and is shaped by thallyamicreasing forest cover as conse-
guence of massive investments in forest recovedytha implementation of six forest-

related policies.

The Chinese government implemented policies aintethtural restoration beginning at
the end of the 1970s, but due to poor site and pesghration and poor care of planted
seedlings, the programs clearly failed (Yin and 2010). The programs implemented in
the 1990s, with their financial investments anchar@rgeted by the programs, represent a
chapter of new quality in Chinese forestry. Thelementation of the programs was a di-
rect reaction to historical dry outs of the Yell®wer and floods of the Yangtze River,
both of which clearly proved the failure of effottsfight ecological problems of the his-
toric timber exploitation.Therefore the State Forest Administration (SFA)npoted its
first program, the Natural Forest Protection Prog@FPP), in 1998 to protect natural
forests, followed by the Sloping Land ConversiongPam (SLCP) in 1999. Together with
the Desertification Combat Program around Beijing Jianjin (DCBT), the Shelterbelt
Network Development Program, the Wildlife Conseisratand Nature Reserve Program,
and the Industrial Timber Plantation Program, th@egrams were named as the “Six Pri-
ority Forestry Programs” of ecological restoratard resource expansion. The name "For-
estry Programs” does not refer to a clear forashtation of all programs but because they
all are managed by the SFA. In detail, the six ot are:

1. The National Forest Protection Program (NFPP):

After a pilot phase the program was officially labhed in 2000 and had the goals of reduc-
ing annual timber harvest from natural forest fr82m3 in 1997 to 12ms3 by 2003; conserv-
ing nearly 90 million ha of natural forest and egetating an additional area of 8.7 million
ha by 2010. As a side effect, many workers in thdeér supply chain were retired, laid

off, or displaced to forestation and forest managr@n(Liu et al. 2008).

2. The Sloping Land Conversion Program (SLCP):

The SLCP had a pilot phase of two years, after whitievas implemented in two phases.
The first period from 2001 to 2005 intended to gmttrol over fragile ecological situations
region by retiring and converting over 11 millioma lof sloping farmland and deserted
fields. During the second phase from 2006 to 201i@dditional 7 million ha were affor-

ested and re-vegetated.
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Farmers participating in the program received campgon, including financial and grain

subsidies and free seedlings, depending on theidraf two to eight years from the

compensation from the forest category into whighl#md was converted. This included (1)
ecological forest, primarily providing ecologicalnictions and services; (1) commercial
forests, producing timber, fruits, or nuts; and)(lrass cover. By 2010 the vegetation
cover was expanded to 86.7 million ha and the deriaf compensation were extended
(Yin and Yin 2010)

3. The Desertification Combat Program around Beijind @ianjin (DCBT):

After numerous sandstorms in northern China, th& 8&veloped a project to inhibit the
encroachment of desertification and to improve rih&ural environment around Beijing.
The main objective of the DCBT was to treat mom@ntiiO million ha desertified land, of
which half was to re-vegetate between the impleatent in 2001 and 2010. This included
the conversion of cropland to forest, grasslandalbéitation, selective banning of open
grazing, integrated watershed management, and gicaloresettlements (Yin and Yin
2010).

4. The Shelterbelt Network Development Program (SNDP)

Covering the huge “Three Norths” (i.e., the NortBty&orth, and Northeast) and both the
Yangtze River and Zhujiang River basin, the SNDR daveloped to engage public agen-
cies and civil society in shelterbelt developmemdl anaintenance. The program was in-
tended to develop a shelterbelt 700 km wide an@I8n long, often called “The Great

Green Wall.” The aim of the shelterbelt was to gate wind erosion and landslides and to
protect grassland. Due to its limited financialastments of 70 billion yuan from 2001 to

2010, the program needed local support in the formvestments and labor contributions
(Yin and Yin 2010).

5. The Wildlife Conservation and Nature Reserve Rang(WCNR):

The WCNR aimed to expand nature reserves and eelmenwildlife protection. Therefore
the number of reserves was increased to 1800 i 20dl will further increase to 2000 in
2030. Moreover, the management of critical areas agsigned to the central government,
where the control of smaller areas was managetéynunicipal and county governments.
The total investment will reach a sum of 135 billiguan in the total planning time of 30
years (Yin and Yin 2010).

6. Industrial Timber Plantation Program (ITPP):
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The ITPP is a major market-driven program aimeth@teasing the domestic timber sup-
ply. To encourage private investments in timbengatons, as much as 70% of invest-
ments come from loans subsidized by the Nationaledpment Bank, including tax in-

centives. The target area is 13 million ha by 2848 the total investment by the govern-

ment amount 71.8 billion yuan (Yin and Yin 2010).

In addition to these national programs, a numbeegional programs that supported and
encouraged farmers to voluntarily plant trees apland were initiated by local govern-

ments and implemented at local scales (Ediger areh@006). Partially these programs
were co-financed by private companies, such asvéleut processing industry in Yunnan.

By providing free seedlings and support, this paogtincreases the availability of walnuts

in the future. However, privately initiated treeapling on cropland has become more
common in recent years. Recently the implementatioime Collective Forest Tenure re-

form has increased the incentives for private plaating by providing secure land rights

for forest land. As a result of state and privaiéatives, forest area has increased on for-
mer cropland, with multiple impacts on householdrexnies and the environment (Ediger
and Chen 2006).

The exact point at which the Chinese forest traorsd from deforestation to reforestation
is difficult to pinpoint. Actually the transition ight have happened later than the data re-
vealed because measurement methods, and even fihiéiae of “forest,” were incon-
sistent across the seven national inventories.ofii@al definition of “forest” in China in
was changed from a minimum of 30% canopy cover(® 2n 1994 (Zhang and Song
2006). Thus, reported forest cover artificiallyieased in later inventories (Wilson 2006,
Zhang 2000). In 2010, forest cover in China reac2@d% according to official statistics
(China Statistical Bureau 2010), and a furtherease in forest cover is still a policy prior-
ity. The Chinese government is aiming to achieverast cover of 23% in 2020 and 26%
in 2050 (SFA 2009).

Despite the reported success of a rapidly incrgakirest area, the ecological quality of
the Chinese forest transition is questionable. wsfftation efforts have not been overly
successful in recovering the ecological functiohshatural forest cover (Xu and Ribot
2004, Xu 2011). The tree choice was often limiteok reflecting the natural vegetation.
Further, the limited species composition of plarf@sts might increase the provision of
ecological services compared to the prior land bsg,it remains clearly behind natural

forests.
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3 Study region and data collection

3.1 Study region

The province Yunnan is located in southwestern &land borders Myanmar, Laos, and
Vietnam. Located in the eastern part of the Himadayt is dominated by deep river val-
leys and steep slopes. This results in a wide rahgédferent landscapes and climatic con-
ditions, from tropical forest in the southwest &rmpanent glaciers on the high mountain
peaks in the northwest, where the Yangtze, Salwerath, Mekong Rivers flow. As a con-

sequence of this diverse landscape and biophysicalitions, Yunnan is widely hailed as

a global biodiversity hotspot (Conservation Intéioraal 2007).

Yunnan is home to 25 ethnic minorities (out of thal 56 minorities in China) that make
up 38% of the Yunnan'’s total population. Land use kvelihoods vary from agro-pastoral
practices by Tibetans, to upland agriculture byavid Naxi, to shifting cultivation and

paddy rice by the Dai, Hani, and Jinuo in the Sdiih et al. 2007). Since over 20% of
Yunnan’s population, or approximately 10.2 millipaople, lives under the poverty line at

one dollar per day, Yunnan is one of China’s mastepty-stricken provinces (Hu 2012).

The high reliance on agriculture, the forest coaed the cultural variety and its landscape
make Yunnan an ideal showcase for exploring thears for forest-cover change. The

importance of agriculture guarantees a certaineskegf comparability to other rural areas

in China that also rely on agriculture. As natiof@kst-related policies arguably play an

important role in the forest transition it is imfaonmt, that all relevant forest-related policies

are implemented, as they are in Yunnan (Liu eR@08). Finally, cultural and landscape

variety result in a large range of land use stiategs both cultural factors and different

natural endowments lead to different land useexjias. These different land use strategies
are especially important for the comparison of csdies, as they depict the range of pos-
sible reactions to changes in factors affectingsieas on land use.

Within Yunnan, two study sites were selected, Ygl@ounty and Longyang Disrict. In

both cases villages were selected based on thekeindistance. Two groups of samples
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were generated in each site, one located clodeetmarket center and one a distance from
the center of more than eight hours traveling tomear (see also Table 1).

Table 1: Sampled households

Nr. of sampled Nr. of sampled
County Township
villages households
Lashi 3 163
Yulong
Baoshan 2 130
Yangliu 3 67
Longyang
Wama 2 149

Yulong County is part of Lijiang prefecture, locat® northwestern Yunnan, and has an
area of 6,392 kfm The total population in 2002 was 207,983 peogknsity 31.5/kr).
The main ethnic minorities are, besides the Harnontgj, Naxi, Bai, Yi, Tibetan, and
Pumi (Figure 2). 21% of the population was represby the Naxi, who have their main
territory there. The average annual temperatur&2i6°C, the average precipitation is
953.9 mm, and the average frost-free period isdZ84. The whole prefecture has a broad
range of topography (Figure 3). The highest elevais the Yulong Mountain (5596 m)
and the lowest elevation is the valley of the StgldRiver (1015 m) (Lijiang Statistical
Bureau 2005).



Figure 2: Ethnic composition of Lijiang
(Source: Lijiang Statistical Yearbook)

Figure 3: Terraces and tree-planting in Yulong
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Longyang Countys located in the center of Baoshan County. Itste&vasborder are the
Gaoligongshan Mountains. The landscape is definethe Gaoligongshan and Nushan
Mountains, which stretch across the province froontmto south, and further by the
Lancang, Nu, and Dayingjian Rivers (upper reactheflrrawaddy River). The forest cov-
erage in 2005 was 38% (Baoshan Statistical Bur886)2 Baoshan produces around 7.7%
of Yunnan’s leaf tobacco yield. Tobacco is a gelheimnportant product, as it provides

around half of Yunnan Province’s fiscal revenuegshkt al. 2010)

The major food crops are rice, wheat, corn, anchdeand the major cash crops are sugar
cane, coffee, tobacco, and tea (Figure 4). The mfayestry products are walnuts and
chestnuts (Figure 5). In 2005 the total populati@s 853,800 people (density 170Amof
which 86% were registered as agricultural popuhatithe main ethnic minorities are the
Bai, Yi, and Dai (Figure 6). The climate, summatizes subtropical monsoon climate, var-
ies broadly. The average temperature ranges fro@° Q4o 21.3°C, the period of frost-
free days range from 238 to 336 days, and the ammeeipitation ranges from 1463 mil-
limeters to 2095 millimeters (Baoshan Statisticaldau 2005). Influenced by the Indian
monsoon, wet and dry seasons are usually cleastindi, precipitation is mainly concen-
trated in May-October, and rainfall is highly irtdgr. From January to April, almost all
farmers suffer from water shortages due to deangasiinfall and increasing competition
and demand for water resources from villagers gvirpstream. Afforestation, the con-
struction of small-scale irrigation systems, and thtroduction of new crop types are
common responses for many communities in the mowoua areas to water stress and

hazards in the context of climate change (Su, di&m 2009).



Figure 4: Typical land use pattern in Baoshan
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Figure 5: Combination of agro-forest and cropland

Figure 6: Ethnic minorities in Longyang
(Source: Baoshan Statistical Yearbook)
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3.2 Data collection

The data this work is based on were collected dumvo field surveys in 2009 and 2010.
The first survey aimed to collect detailed datadenision processes at the household level.
For this purpose a questionnaire was designed iogveocial, economic, and financial
characteristics, as well as land endowments, exipees with implemented forest-related
policies, and future expectations. Data from 509detolds were collected, offering in-

formation on more than 150 variables per household.

The study region and villages that were chosementivo regions were similar enough to
allow a comparison of the results but also offdéiedent situations to gain some breadth in
the data. Therefore it was necessary that botlomsgielied on agriculture, had similar nat-
ural endowments, and implemented the same forkdgedepolicies. The regions were sep-
arated a second time by their distance to markate® on expert interviews, it is assumed
that market distance is a crucial shaping factorldad use decisions and household in-
come when considering both the breadth and thehdeptiata. Using a large number of

cases, a breadth base for the statistical analyassbuilt. The additional usage of case
studies offers very useful and enlightening infatioraon specific topics. With this com-

bination of breadth and deep information, it issgible to justify findings of the data anal-

ysis and offer explanations for unexpected outcofHesmer and Thaggersen 2006).
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3.3 Bayesian network

A Bayesian network (BN) is used to analyze decisimaking on the household level. A
BN is a statistical tool that relies on Bayesiaieiance to deduce the influence of explana-
tory variables on an outcome variable of intergstélculating conditional dependencies
within the network (Heckerman, Mamdani and Wellni&@95b, Pearl 2009). Such net-
works are particularly suited for modelling the idemn-making, as they allow the inclu-
sion of causal and hierarchical dependencies, dsasmghe combination of quantitative
and qualitative data (Newton et al. 2006, TicehuTsirtis and Merritt 2011, Marcot et al.
2001). It allows interaction between variables andaccounting for nonlinearity in rela-
tionships, as well as an integration of stakehaldethe process of building and validating
the model (Sun and Miiller 2013) .

A BN is built of two parts or layers: The first antsible part is a directed acyclic graph
(DAG), which defines the structure of a BN by reganating hierarchy and interdependence
among the nodes, depicting the variables that @ameected with directed arrows. The se-
cond layer is built by conditional probability takl(CPTs), also known as parameters of a
BN. The data within the tables define the probabilistributions of nodes conditioned
upon the values of their parent nodes. The CPT bifeearchical following node, also
known as a child node, and thus contains the condit probability of being in a specific
state, given the states of its parent node. Whaoda has no parent, the CPT is simply its
prior probability distribution (Jensen 2002, Pe20D9). The conditional probability of a

variable is also known as the belief for this stdtéhe variable (Charniak 1991).

The structure of the network is based on a liteeataview and expert knowledge. The re-
sulting network is populated with the qualitativéormation attained from expert inter-

views, village-level group discussions, and datanfia large household survey.
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3.4 Participatory approaches

Qualitative methods typically refer to a range afadcollection and analysis techniques
that employ purposive sampling, participant obsgomaand semi-structured, open-ended
interviews. In opposition to quantitative methoithe sampling is directed by the search for
contrast to clarify the analysis by achieving atimmpm number of identifications of
emergent categories. Thus, particular samplesedeetsed to identify and illustrate specific
phenomena (Glaser and Strauss 1967). These maifiedmodel cases and examples that
allow understanding of individual definitions anerpeptions. The aim is to capture and
understand individual definitions, descriptionsd ameanings of events. Qualitative tech-
niques allow for an in-depth analysis of socialjtmal, and economic processes (Dudwick
et al. 2006).

The open-ended questioning and focus group dismusshat were used in this research
are particularly appropriate in community settibggllow respondents to identify and ar-
ticulate their priorities and concerns free frommaa@chers’ restrictions and assumptions.
One of the key issues related to qualitative resesrwhose voices and opinions are heard
and communicated to outsiders as a consequenbe aésearch (Chambers 1997). In a
village community, different groups may have ovepiag or contrasting experiences of
social norms, networks, and management process#siiwg help of qualitative methods
researchers can explore the different views of lggneous as well as very diverse groups
of people in order to help reveal the variety afspectives within a community. Further-
more, the integration of non-scientific knowledgalues, and preferences through social
discourse will improve the quality of research Iirgg access to practical knowledge and
experience and to a wider range of perspective®ptidns (van Asselt Marjolein and
Rijkens-Klomp 2002).



23

4 Analyzing the drivers of tree planting in Yunnarmi@a,

with Bayesian networks

Jens Frayér Daniel Miller'?, Zhanli Sunt, Darla K. Munro€® and Jianchu X{ (2014)
Land Use PolicyYolume 36, Pages 248-258

http://www.sciencedirect.com/science/article/pi280837713001555

1 Leibniz Institute of Agricultural Development ifransition Economies (IAMO), The-
odor-Lieser-Str. 2, 06120 Halle (Saale), Germany

2 Geography Department, Humboldt-Universitat zuliBetnter den Linden 6, 10099
Berlin, Germany

3 Department of Geography, Ohio State Universi§36 Derby Hall, 154 N. Oval
Mall, Columbus, OH 43210, USA

4 World Agroforestry Centre, East Asia Node, #32nhei Road, Heilongtan, Kun-
ming 650201, Yunnan, China



24

Abstract

Strict enforcement of forest protection and massifferestation campaigns have contrib-
uted to a significant increase in China’s forestezaduring the last 20 years. At the same
time, demographic changes in rural areas due toggsain reproduction patterns and the
emigration of younger population segments havectdteland use strategies. We identified
proximate causes and underlying drivers that imiteethe decisions of farm households to
plant trees on former cropland with Bayesian neke@¢BNs). BNs allow the incorporation
of causal relationships in data analysis and cambaoe qualitative stakeholder knowledge
with quantitative data. We defined the structuréhef network with expert knowledge and
in-depth discussions with land users. The netwaalk walibrated and validated with data
from a survey of 509 rural households in two uplanglas of Yunnan province in South-
west China. The results substantiate the influeidand endowments, labor availability
and forest policies for switching from croplandttee planting. State forest policies have
constituted the main underlying driver to the forteansition in the past, but private affor-
estation activities increasingly dominate the exgo@mof tree cover. Farmers plant trees on
private incentives mainly to cash in on the impeeEonomic opportunities provided by
tree crops, but tree planting also constitutesngportant strategy to adjust to growing la-
bor scarcities.

Keywords: Payments for ecosystem services; forest transit®IoCP; afforestation;

land use change; Bayesian belief network; China.



25

5 Processes underlying 50 years of local forest-cover

change in Yunnan, China

Jens Frayér Daniel Miller'?, Zhanli Sunt, Darla K. Munro€® and Jianchu X{ (2014)
Forests2014 Volume5, Pages 3257-3273

http://mwww.mdpi.com/1999-4907/5/12/3257

1 Leibniz Institute of Agricultural Development ifransition Economies (IAMO), The-
odor-Lieser-Str. 2, 06120 Halle (Saale), Germany

2 Geography Department, Humboldt-Universitat zuliBetJnter den Linden 6, 10099
Berlin, Germany

3 Department of Geography, Ohio State University36 Derby Hall, 154 N. Oval
Mall, Columbus, OH 43210, USA

4 World Agroforestry Centre, East Asia Node, #32nhei Road, Heilongtan, Kun-
ming 650201, Yunnan, China



26

Abstract

Recognition of the importance of forests for lokatlihoods, biodiversity and the climate
system has spurred a growing interest in understgritie factors that drive forest-cover
change. Forest transitions, the change from netréstation to net reforestation, may fol-
low different pathways depending on a complex pitar of driving forces. However, most
studies on forest transitions focus on the natidexal rather than the local level. Here,
case studies from ten villages in Yunnan, China,wsed to clarify the complex interac-
tions among various pathways of forest transitiaiesive insights on the underlying driv-
ers that shaped the forest transitions, and detertiie importance of changes in drivers
over time. The results demonstrate that China’enmeéorest transition was caused by a
range of interrelated pathways that were mediayelddal circumstances. The degradation
of forest ecosystem services caused by rampantedtftion and forest degradation creat-
ed a scarcity of forest products and triggerecestatiated afforestation efforts, particular-
ly in the 1990s, which continue to be important. roecently, economic development
concomitant with smallholder intensification spurreforestation, while the importance of
state forest policy declined. The complexity ofdbland use changes demonstrates the dif-
ficulty of identifying distinct transition pathwaymd calls for a more diverse approach that
recognizes the interdependence of local processes.

Keywords: Forest transition; reforestation; agroforestayid use change; China.
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6 Synthesis

This work offers detailed information on the reaséor the forest regrowth in Yunnan by
combining the outcome of the Bayesian network gadhered information on the reasons
farmers converted cropland to forest and the catalé comparison of the forest transition
pathways of ten villages. Existing literature prevke importance of the Chinese forest-
related policies for forest regrowth in China. Byalyzing detailed information of more
than 500 households, this work provides furthedence that the participation of rural
households in afforestation programs is a very mamb reason for the afforestation. It ad-
ditionally shows that the decision to afforest déinel resulting area converted to forest de-
pends on a number of underlying reasons and haseqaaences for subsequent decisions

on land use.

The quantitative analysis shows that participatrothe SLCP and other afforestation pro-
grams is without doubt the main reason for thegase of the forest cover by a conversion
of cropland to forest. Hereby the SLCP plays twpantant roles. First, the compensation
offered by the program was the main financial inisenfor the conversion and therefore
its main cause. Secondly, the SLCP and other foedstied policies triggered a land use
change, as they showed the advantages of plaméag to farmers who did not yet partici-
pate in one of the programs. The decision to cdrorepland is influenced by many varia-
bles, such as household endowments, financial bagkd, and cultural and social factors.
The framework for the decision-making is also Maleaas market access and policies vary
locally. During the process of building the Bayesreetwork a number of variables were
tested, and due to their insignificant effects tinaye removed from the model (see also
Fehler! Verweisquelle konnte nicht gefunden werde. The reasons for joining an af-
forestation program, however, are various. Ethyidlte area of cropland, education, and
area of marginal land have substantial influenaeshe decision to join such a program.

Given the variety of reasons and the uniquenessdf household, the knowledge that so-
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cial background and land endowments affect thesd®eimaking helps to explain the for-

est-cover change.

The household survey also proves that taking adgandf emerging economic opportuni-
ties from tree crops has obviously become a viabk preferred strategy for the genera-
tion of cash income and for dealing with increasangfarm labor shortages and the result-
ing vulnerability of aged households to income gagssilting from reduced labor availabil-
ity. Furthermore, it allows households to explomwnincome sources, as the use of
cropland with trees sets labor free, which can tdeed in more effective income oppor-
tunities (cf. 4.5).

This land use adaptation to the scarcity of ruabbl started with a delay of several years
after the first implementation of the first affof&son programs, in which farmers recog-
nized the advantages of tree crops compared tiatigional forms of land use. In the first
years after the implementation of the SLCP, theebenof participation and the land con-
version had to be established successfully. Inxa step, this success was recognized by
peers and trickled down to other famers in theaegMore and more villagers realized the
advantages of the land conversion and either fatbweighboring households by joining
one of the state-initiated forestry programs omesenverted cropland by planting trees as
private initiatives. This process proceeded withrging intensity over time and space. As
shown, the availability of cash crops or land sitgislows down the rate of cropland con-
version to a minimum. In places where availablel lsesources can be used more efficient-
ly by other cash crops or where land resources@arce, the conversion from cropland to
forests is limited to the demanded state quota@tahd that cannot be used in other ways.
Moreover, in some areas such a loss of croplanddiinarease the vulnerability to famine
or would endanger the subsistence production. Qislyotree plantations or agroforestry
systems offers advantages compared to traditi@mal Use. These advantages are the re-
duced labor demand in care and harvest, highemiacopportunities, an income source
from land use for aged households, and a kind ténsive land use, which prevents the

land from reallocation.

The spatial and temporal variety of drivers of {pé@nting mentioned above was also
shown in the result of the qualitative analysishaf forest cover trajectories of ten villages
made in Chapter 5. Besides the local differencésciwcan be attributed mainly to locally

different natural and social endowments, which lteisuindividual frameworks of deci-
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sion-making, the temporal variety of driving forcesremarkable. The forest scarcity
pathway, in which China is categorized due the inigmze of reforestation policies, was
without doubt the pathway China took until the ¢@000s, which led to the forest transi-
tion. However, this conclusion ignores the impottaof the other driving forces of forest
regrowth, subsumed in the remaining forest tramsipathways and their changing im-
portance over time. Before the forest scarcityteglgolicies, the management of China’s
state forest played the pivotal role in the develept of the forest cover in China, alt-
hough the importance of forests as economic ressuiar the state gradually decreased.
This decline can mainly be attributed to the loggoan that was imposed and enacted by
the NFPP in 1998 and the associated harvest reductistate forest land (Yin et al. 2005).
In parallel, the forest scarcity pathway becamedibi@inant driver of forest-cover changes
from the late 1990s, when the escalating scarditypm@st products and forest ecosystem

services spurred the implementation of the logtpawg and the SLCP.

In addition, the importance of these governmengrms in terms of land area and the
number of farmers affected has changed over tiraelining since the mid-2000s. The
successful implementation of the SLCP and othegnaros made the advantages of agro-
forestry and planting tree crops visible and splipevate plantations of trees without
compensation as land use options to existing laed@arms. This response of smallholders
to emerging economic opportunities in tree croppmgsubsumed in the smallholder-
intensification pathway, which gained an increasmpgortance. This changing importance
of the pathways over time is depicted in Figurenhjch illustrates this change by as-
sessing the importance of each factor over tinteenstudy region. This picture underlines
the simultaneity of pathways of the forest cover@ase. Even in times when one factor
dominates the forest regrowth, there are otheofackvith minor relevance at play that
may contribute to some regrowth. The smallholdésigification pathway, for example, is
currently the most important pathway in the studg.sHowever, in places in Yunnan
where tree crops are not a suitable alternativettertraditional agriculture, the state-
driven afforestation programs might be still theirdriver for land conversion. As the
changing framework conditions, such as politiceemed land regulations, market devel-
opments, and land use innovations cause a constamhging background for the deci-

sion-making of land users, though, this might cleaimgthe future. Possible changes in the-
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se conditions might transform the decision-makingland use in the future and thereby

possibly change the relative importance of the\patts.
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Figure 7: Relative importance of forest transitionpathways in Yunnan
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7 Conclusion

Due to both large-scale government afforestaticogm@ms and widespread private tree
planting activities, the conversion of croplandree cover is an important land use change
in Yunnan. To get a comprehensive picture of tlasaeas for this land use change, | com-
bined qualitative and quantitative methods. The woation of such distinct analytical ap-
proaches can offer more information and thus couate important insights into the ongo-

ing debates on land use change.

By combining qualitative and quantitative data talsize local land use decisions in 17
villages and the forest transition in ten villages’unnan province, this work uses the ad-
vantages of both methodical approaches. The Bayesi@vork, which integrates the qual-
itative knowledge of stakeholders and the quantgasurvey data, allows conclusions to
be drawn by using statistical methods and theultiegy outcomes. Due to the participa-
tory validation of the model, these outcomes offeealistic view to the proximate causes
and underlying drivers of the decision to planesr®n former cropland. The case study of
ten forest transition curves on the village leviebwss different forest cover trajectories
over recent decades. A qualitative analysis ofdlmgves shows that an aggregation or
conclusion of local developments into one nati@ggregation often fails and consequent-

ly represents only a simplified picture of recephamics.

The modeling results of the Bayesian network demmatesthe importance of government
programs for the increase in the extent of treatplg on former farmland. Besides this
state-driven conversion, the land conversion ofgte accounts with little or no external
support is illustrated in the model. Main causestlie activities were the expectations of
high economic returns from trees, the househokekpaonse to the reduced availability of
farm labor, and more secure forest tenure. This@oac expectation and the land use re-
sulting from it are crucial for the forest-traneiti pathway, which is a result of the main
driver of land use change towards tree crops. Asvahin Chapter 4, the process of deci-

sion-making is influenced by economic consideratiofhe household’s main income
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source and endowments are important factors infingnthe land conversion. These fac-
tors also find expression in the recent local fotemsition pathways. As show in Chapter
5, these economic considerations are recently tam meason for land users’ changing
land use. The state support in the form of compgersavas one of the most important rea-
sons for households to convert cropland, as the8ag network showed. However, as the
zenith of the SLCP as the main state program airfandorest regrowth is exceeded and
no payments for new conversion are paid, the infteeof the programs on land use deci-

sion-making will likely decrease.

The process of the decision-making to plant treesropland, however, is driven by inter-
related causal chains and can hardly concludesingle explanation. The interplay of sev-
eral causal explanatory frameworks suggests tleatigority of households follow a mix-
ture of forest-transition pathways. This mixturefofest-transition pathways or, in other
words, the changing set of drivers is supportethkyoutcomes of the case-study analysis.
The comparison of ten different localities showat tine forest transition took place at very
similar points in time but that the trajectory a&he drivers of forest-cover change after the
transition have changed and vary substantially. [bhal forest transitions are contingent

on the interactions of many factors, and they akhilpath dependency

The results underline the importance of state mdi@s a key driver of forest-cover in-
creases after periods of forest scarcity in theD$%hd 1990s. After halting the forest de-
crease and paving the road for a net forest-cow@ease, the state forest programs were
the initial trigger for the large-scale increasdrge cover beginning around the year 2000.
Their impacts on local landscapes were modulatelddai biophysical, cultural, and soci-
oeconomic conditions, as well as the program castevhich defined plot selection and
the area devoted to conversion. The scope and gif¢leese directly targeted environmen-
tal policy reforms are arguably unprecedented. sk illustrates how the impact of
state policies is influenced by other contextuatdes that often unfold over time. The re-
cently implemented land use adjustments of smalltrsl are motivated by the improved
economic opportunities and the changing relativailalility of agricultural production
factors, especially the rural labor scarcity caudgdmigration. Farmers increasingly
changed land use away from traditional productimdes and to planting trees on former
croplands. These developments are quite diffenemh fthe standard economic develop-

ment pathway, which stresses migration as the meaison for rural labor shortages, which
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cause reforestation on abandoned croplands. Instih@y villages, only very limited

amounts of cropland were abandoned; farmers sutestitcapital-intensive production for
labor-intensive production while maintaining cométéand inputs to maximize the eco-
nomic return of the scarcest factor of productiad aptimize their land use to the given

situation.

As shown by modelling the decision-making in larsé and recapturing recent and histor-
ic forest-cover changes, the decision to change lee, and in this case the resulting for-
est-cover change, is a very complex process. Theugscombinations and interrelation-

ships of explanatory processes, the shifts in igiforces over time, and the associated

spatial variations should be emphasized and fughplored.

Understanding this intermixed process of land-ckatrgjectories is vital for informing

land use policy and for an efficient targeting ofvgrnment afforestation programs. This
understanding is important because an increasirapanof trees in the landscape support
local development by providing considerable longatencome and by balancing house-
hold labor allocation. A better understanding o timderlying causes of the tree cover

transition in Yunnan can thus help guide land useyp.
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9 Appendix

Table A2: Descriptive statistics of the variables

Variable States Initial probability Mean Standard deviation

Total area planted trees 0 mu 8.22% 3.67 1.7
Oto3 mu 15.3%
More than 3 mu 76.4%

Participation forestry program Yes 81.6%
No 18.4%

Asset value ¥0 77.9% 217 490
¥0 to ¥1000 11.5%
More than ¥1000 10.6%

Crop income Less than ¥100 53% 235 390
¥100 to ¥500 10.2%
More than ¥500 36.5%

Cropland Less than 6 mu 15.9% 13 7
6to 15 mu 39.9%
More than 15 mu 44.2%

Labor force Less than 3 36.95% 2.97 11
3to4 30.65%
More than 4 33.34%

Marginal land 0 mu 70.7% 0.928 1.7
Oto3 mu 13%
More than 3 mu 16.3%

Private afforestation 0Omu 46.7% 1.72 2
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Oto3 mu 22.4%
More than 3 mu 30.8%
SLCP 0 mu 25.4% 3.61 3.1
Oto3 mu 23.1%
3to6 mu 19.9%
More than 6mu 31.6%
Total income Less than ¥1000 8.56% 5060 2800
¥1000 to ¥5000 31.5%
More than ¥5000 60.0%
Walnut program 0 mu 84.2% 0.592 15
Oto3 mu 3.94%
More than 3 mu 11.8%
Education llliterate 2.95%
Primary school 28.3%
Middle school 46.0%
High school 14.1%
College above 8.64%
Ethnicity Han 11%
Yi 38.7%
Naxi 44.4%
Other 5.89%
Major income source Agriculture 33.6%
Animal husbandry  24.7%
Forest NTFP 5.41%
Off farm 23.5%
Other 12.8%

Table A3: Changing importance of income sources
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2000 2009 2015
Agriculture 34.1% 11.8% 9.7%
Livestock 26.4% 18.7% 15.9%
Off-farm work 24.3% 47.1% 42.5%
Forestry, NTFP 4.7% 16.4% 23.4%
Other 10.3% 5.9% 8.3%

Source: Own survey data

NTFP: Non-timber forest products
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