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a b s t r a c t

Rangelands of the Qinghai-Tibetan plateau (QTP), although sparsely populated and contributing little to
China’s overall economy, play an important environmental role throughout Asia. They contain high
biodiversity values and can also potentially provide China with a source of cultural and geographic
variety in the future. Chinese government reports paint a gloomy picture, considering vast portions of the
QTP degraded and blaming irrational overstocking of livestock as the principal culprit. Global climate
change, population increases, and ‘‘rodent’’ damage are also invoked as causes of rangeland degradation.
In contrast, some Western observers claim that traditional pastoral practices were sustainable, and
identify either previous or more recent state policies as the cause of degradation. Chinese governments at
national and provincial levels have initiated a number of sometimes-conflicting and confusing policies
aimed, at least nominally, at restoring rangeland productivity. On the basis of a comprehensive literature
review, I argue that the extent and magnitude of rangeland degradation on the QTP remains largely
unknown because monitoring programs have been subjective and poorly documented. Further, I argue
that causes of degradation remain uncertain, often because hypotheses have been articulated too vaguely
to test. No phenomena that have been hypothesized as contributing to rangeland degradation on the QTP
currently enjoy unequivocal support. Where over-stocking is clearly causing damage, we lack sufficient
understanding of current socio-ecological systems to identify ultimate and proximate drivers of pasto-
ralist behavior, and thus policy initiatives aimed at sustainability may well fail.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Rangeland degradation is a global concern, affecting not only
pastoralists who rely on healthy rangelands for their survival but
others who suffer from resultant hydrological disturbances, dust
storms, commodity scarcity, and social consequences of uprooted
people. Rangeland health also affects biodiversity directly and
indirectly because all native flora and fauna have adapted to the
long-term evolutionary forces that have shaped these rangeland
environments. Livestock grazing is the dominant form of land use
in arid biomes worldwide, and grazing lands of the Qinghai-Tibetan
plateau (QTP; Fig. 1) in the People’s Republic of China are located in
the source area for most of Asia’s major rivers, upstream and
upwind of upwards of 40% of the world’s human population (Fog-
gin, 2008). Pastoralism is also the dominant land-use in the other
major biomes of western China (e.g., Mongolian Plateau, Tarim, and
Dzungarian Basins), as well as in adjacent Mongolia, Kazakhstan,
All rights reserved.
Kyrgyzstan, and Tajikistan, where land degradation is a similarly
serious issue.

Awareness by Chinese scientists and policy-makers of the
impacts of rangeland degradation on the QTP increased in the late
1990s as several disasters occurred, including Yangtze River floods
that killed thousands of residents downstream and cost billions of
dollars in economic losses, the Yellow River running dry increas-
ingly often, and dust-storms and sand-storms originating in
western rangelands that affected the health and economic well-
being of millions of city-dwellers in China’s east. Although lacking
clear documentation and differing in specifics, Chinese scientific
papers and government policy statements are unanimous in
viewing the QTP as having become increasingly degraded in recent
decades (Yan, 2001; Wang et al., 2005; Zhao and Zhou, 2005). A
frequently repeated statistic is that 90% of China’s grasslands are
degraded to some extent, and that degradation is increasing at
a rate of 200 km2/yr (State Council, 2002).

Causes for rangeland degradation are generally attributed to
a combination of over-stocking of livestock, unscientific livestock
management, historical-cultural impediments to adopting modern
livestock management concepts, global climate change, and
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Fig. 1. The Qinghai-Tibetan Plateau (QTP) in the People’s Republic of China and adjacent countries (irregular shaded line). Shown are the major rivers draining the QTP, international
boundaries, provincial boundaries, and names of places mentioned in the text. Inset: Location of the QTP within China.
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excessive herbivory and soil disturbance from small mammals (Li,
1994; Li and Huang, 1995; Chen, 1996; Wang and Zheng, 1999; Hou
and Shi, 2002; Deng and Liang, 2003; Zhou et al., 2003; Shen et al.,
2004; Zhang et al., 2004). In contrast, Western (and some Chinese)
investigators have tended to question the assumption of wide-scale
rangeland degradation on the QTP, and where they agree it has
occurred, to cast their analysis in terms of rapid changes in socio-
economic systems and alteration of land tenure arrangements
(Goldstein et al., 1990; Miller et al., 1992; Miller, 1999, 2002, 2005;
Williams, 1996, 1997, 2002; Ho, 1998, 2000; Foggin, 2000; Banks,
2001, 2003; Banks et al., 2003; Holzner and Kreichbaum, 2001).
Because most pastoralists are Tibetan, Mongolian, or other non-
Han ethnic minorities whereas political authority rests largely in
the hands of Han Chinese, and because discussion of ethnic tension
remains a sensitive issue in China, dispassionate analysis of ran-
geland degradation has been constrained by its close association
with politically charged issues.

Chinese researchers (e.g., Luosan, 1996; Gu, 2000b; Ling, 2000)
have emphasized technological solutions within the ecological
domain. Suggested remedies for reducing overgrazing involve
concentrating livestock in places where they can be protected from
the elements and provided forage grown off-site, increased fencing to
facilitate rotation of pastures, restructuring herds to increase the
proportion of reproductive females, and manipulating herd size
frequently to reflect seasonal rhythms of vegetation biomass and
nutrient levels (Lobsang,1998; Zhao et al., 2000). Suggested remedies
for rehabilitating degraded rangelands invariably involve killing small
mammals, temporary or permanent removal of livestock, fertiliza-
tion, and/or re-seeding (Zhao and Zhou, 2005; Wang et al., 2006b).

Recent Chinese policy has followed 3 sometime conflicting
approaches: (1) small mammal (usually termed ‘‘rodents’’) eradi-
cation; (2) subsidizing transition from semi-nomadic herding over
large spatial scales to household-level ranching on much smaller
spatial scales; and (3) subsidizing (or even coercing) pastoralists to
sell their herds and abandon livestock raising entirely. Begun as
early as the mid 1950s, efforts to poison small mammals such as the
plateau pika (Ochotona curzoniae, not a rodent at all, but rather
a member of the rabbit family, Lagomorpha) have ebbed and flowed
with funding and interest and achieved variable results. By 1990,
a cumulative total of 208,000 km2 had been subject to such
poisoning, usually carried out by county level agricultural, grazing,
or forestry bureaus (Fan et al., 1999). Despite conclusions of most
scientists that high densities of pikas were more likely a result than
a cause of grassland degradation (Smith and Foggin, 1999; Smith
et al., 2006), poisoning campaigns have continued, most recently in
late 2006 and early 2007, when extensive efforts were expended to
spread Botulinin C toxin over w320,000 km2 of the QTP.

Although given differing names, a number of programs share
the goals of sedentarizing pastoralists and encouraging responsible
rangeland husbandry by clarifying tenure of pasture land tenure on
a family basis, subsidizing construction of permanent winter
homes, fences and livestock shelters, and providing plots for
growing supplemental winter fodder. Government outlays for
these programs (often termed the ‘‘set of four’’ (Wu and Yan, 2002))
have been substantial; during 2003–2006, the central government
reported investing someU7.1 billion (w$1 billion) for fencing alone
(SEPA, 2007). Despite the enthusiasm with which they have been
promoted by government sources, the long-term ecological and
economic viability of these programs remains uncertain (Miller,
2002; Wu and Yan, 2002; Yan et al., 2005; Richard et al., 2006;
Davidson et al., 2008).

In contrast, newer initiatives (‘‘retire livestock, restore
pastures’’) make no attempt to encourage responsible husbandry
through a tighter linking of families with specific tracts of land;
instead, they strive to break that linkage entirely. Under the theory
that only complete elimination of livestock (for periods of 5, 10, or
an undefined number of years) can restore rangeland productivity
(but see Gao et al., 2007a, b for a contrary view), pastoralists have
been provided free housing in township and county seats and
modest 10-year living subsidies in exchange for selling their herds
and ceasing pastoralism (Qinghai Province, 2003; Li, 2004; Yeh,
2005; Perrement, 2006). No training or alternative livelihoods have
been reported being provided to such displaced pastoralists. In
2005 alone, the central government invested some U1.8 billion
(w$226 billion) in this program (SEPA, 2006). However, even if the
‘‘retire livestock, restore pastures’’ program succeeds in reducing
rangeland degradation (which itself is open to question, given that
most rangeland species are adapted to some level of herbivory), it is
likely to carry enormous financial burdens and create considerable
social and cultural dislocation. Although implementation may
encounter obstacles (Levine, 1995; Clarke, 1995; Nyima, 2003; Yan
et al., 2000; Yeh, 2003), its high costs in monetary, social, and
cultural terms may disqualify it from constituting a sustainable
social-economic system (sensu Walker et al., 2006).

2. Extent and magnitude of degradation on the QTP

Estimates of the area variously categorized as degraded
throughout China generally and on the QTP specifically have been
published (Wang, 1993; Gu, 2000a; Berry, 2003; Hu and Zhang,
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2003; Wang et al., 2004; Han et al., 2008), but rarely subjected to
scrutiny or scientific peer review. The State Environmental Protec-
tion Agency (SEPA) estimated that one-third of China’s grasslands
were degraded in 1999 (SEPA, 1999), yet shortly afterward, the
figure that 90% of China’s grasslands were degraded became
frequently cited (State Council, 2002; Deng, 2005; Li et al., 2008c).

Critically however, these nationwide statistics on rangeland
degradation derive from undocumented surveys conducted by
local-level staff of grassland and livestock bureaus, using criteria
originally envisioned for the allocation of pasture land following
de-collectivization (Northern Grassland Resource Survey Office,
1981). These criteria required that all grassland be categorized as
non-degraded, or lightly, moderately, or heavily degraded. Stan-
dards and methods for such classification were subjective, with
only a single quantitative measure (reduction of vegetation
production of 20–30% for light, 20–50% for moderate, and >50% for
heavy degradation; Lu, 2002; Zhang et al., 2004). However, even
this quantification was murky, because neither a baseline from
which to assess reduction, nor field methods to use in measuring it
were provided (although Zhou et al., 2005a provided a useful
description of vegetative correlates of each category). Because
almost any grazing reduces standing biomass relative to an
ungrazed condition, the mere presence of livestock in an area may
have precluded it from being categorized as ‘‘non-degraded’’.

Required to produce such classification over enormous areas,
and provided with few staff and little training, local grassland
bureaus almost certainly classified areas under their jurisdiction
based on superficial and subjective impressions. Thus, attempts
sometimes made to use degradation statistics in further analyses
(e.g., Liu et al., 1999a; Wang and Cheng, 2001; Ma et al., 2004; Li
et al., 2006) or higher-order models (e.g., Deng, 2005) have been
built on a weak foundation.

Attempts to quantify the extent of rangeland degradation more
rigorously than provincial surveys (if on a more limited geographic
scale) have yielded conflicting results. Satellite imagery in southern
Qinghai failed to support Chinese scientists’ claims of range
degradation during the 1980s and 1990s (Perryman, 2001). Gold-
stein and Beall (2002) found no evidence of degradation claimed by
local officials in the western Tibet Autonomous Region (TAR) where
they worked. Holzner and Kreichbaum (2000) estimated 30% of
TAR rangelands to be in an optimal state. Conversely, Bedunah and
Harris (2002) found evidence of substantial rangeland degradation
in a western section of the Qilian Shan despite recent reductions in
livestock numbers and the fact that local government statistics
suggested that pastures were below carrying capacity.

As of 2005, there were an estimated 30 million sheep (including
goats) and 12 million yaks on the QTP (Miller, 2005). Increases in
livestock numbers since 1949 – some gradual, some quite dramatic
– have been published (Cincotta et al., 1992; Sheehy, 2001; Bai et al.,
2002; Deng and Liang, 2003; Hu and Zhang, 2003; Zhang et al.,
2004; Zhao and Zhou, 2005). However, reports disagree on the
timing of increases in livestock number, with some suggesting
peaks in the 1980s and other suggesting continued increases since
that time (Perryman, 2001; Harris and Bedunah, 2001; Bai et al.,
2002; Bedunah and Harris, 2002; Goldstein and Beall, 2002; Zhou
et al., 2005a). Further, temporal dynamics of livestock numbers do
not always accord with the dynamics of the rangeland conditions
they have purportedly caused, even assuming some lag effect.

In any case, analyses based on official livestock statistics should
be viewed with great caution. Because they have a history of being
manipulated at both local (usually under-reported by pastoralists
(Yan et al., 2000), often with the tacit approval of local officials) and
higher government levels (possibly over-reported, in the belief that
higher numbers indicated economic progress and meeting devel-
opment milestones or quotas), livestock numbers cannot
necessarily be assumed to be accurate or even representative. In
particular, livestock numbers reported during the early years of the
People’s Republic may be misleading (Goldstein and Beall, 2002).

Chinese scientists have produced convincing evidence that
some QTP rangelands are sensitive to high livestock densities.
Experiments using controlled stocking rates in small paddocks at
the Chinese Academy of Science’s Haibei Research Station (at
a relatively low elevation of w3200 m) showed that standing
biomass declined with increasing grazing intensity (Wang et al.,
1995). Trends in species composition were also associated with
stocking rates, notably a reduction in the relative abundance of
palatable grasses and a corresponding increase in forbs and
poisonous plants (Zhao et al., 1988; Han et al., 1991; Zhou et al.,
1995b; Zhou et al., 2002). A longer-term study suggested that
grazing intensity had little effect on overall vegetation cover or
species richness, but that palatable grasses (largely Stipa spp.) were
progressively replaced by forbs (e.g., Leontopodium spp.) with
heavy grazing (Zhou et al., 2004). Tellingly, animal weights, at least
in selected areas, are reported to have declined considerably from
the 1960s to the 1990s (Zhou, 2001).

In contrast, other studies found that Kobresia humilis, one of the
most important forage plants in some parts of the QTP, showed no
evident reduction in overall biomass with increased stocking
density (Zhu et al., 1994), or a decrease only at the highest stocking
levels (Li et al., 2001). Studies by Gao et al. (2007a, b) showed
higher soil nutrients in moderately grazed pastures than either
heavily or lightly grazed pastures.

3. Hypotheses of rangeland degradation on QTP

Before assessing the wisdom of strategies to safeguard or
rehabilitate existing rangelands one must first understand the
causes of rangeland degradation. Many analyses of this question
rely on logical shortcuts, selective inclusion of existing data, and/or
underlying prejudices. Although it is likely that there is no single
cause, the presence of multiple, interacting factors does not
preclude dispassionate and skeptical analysis of each. Simply listing
a number of possible (or even probable) causative agents, as many
assessments have, does little to move knowledge forward. Citing
‘‘climate change’’ without specifying or documenting mechanisms
linking highly complex climate phenomena with equally complex
biotic phenomena obscures as much as it illuminates. Lumping
grassland reclamation projects undertaken in the late 1950s
together with high livestock densities managed by Tibetan herders
in the 1990s as undifferentiated ‘‘human factors’’ within a single,
omnibus menu of degradation causes does little to advance
understanding (it’s unlikely that immigrants attempting biologi-
cally implausible agriculture on the QTP during the Great Leap
Forward were responding to similar economic or political incen-
tives as were early 21st century Tibetan herders overgrazing their
pastures with an eye toward the prices offered by livestock traders
arriving from Xinjiang, even if the activities of both resulted in
some sort of rangeland degradation).

Here, I examine claims made in the literature for the causal
agents of recent degradation on QTP rangelands, recasting each as
a hypothesis. In some cases, I’ve interpreted and rephrased various
claims put forward, grouping and abstracting them. For each
hypothesis, I ask whether there is empirical evidence to support the
existence of the phenomenon in question (i.e., is it really
happening?) and whether there is evidence or logic supporting the
phenomenon’s role as a cause of rangeland degradation (i.e., does it
make sense as a contributor). In assessing each, I have supple-
mented published literature with my own observations, obtained
during some 20 years in various rangeland types within northern
portions of the QTP (Harris, 2007).
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I have identified 7 putative drivers of rangeland degradation on
the QTP suggested by published and unpublished literature in
either Chinese or English (two of which I subdivide, producing
a total of 12 hypotheses), which are ascribed differing credibility
and weight by each author. These causes are rarely mentioned in
isolation, but I’ve separated and numbered each here for purposes
of clarity (Table 1). In some cases I was unable to characterize
a claim made by an author because it was too vague. For example,
many authors referred to ‘‘overgrazing’’ or ‘‘overstocking’’ but
without time period or socio-economic association (e.g. Li et al.,
2003a; Wang et al., 2008b), making it difficult to recognize this as
a putative cause.

3.1. Inherently harsh climate and fragile soils

Some Chinese authors have cast the harsh nature of the QTP,
with its limited primary productivity and fragile soils, as a cause of
its own degradation (e.g., Li et al., 2003a; Zhang et al., 2004), as if
this were some newly emerging limitation rather than a well-
known characteristic that has for millennia molded native flora and
fauna as well as human adaptations to them. In characterizing the
QTP as a difficult place for plants and animals to make a living, such
scholars are undoubtedly correct. However, the question to ask is
not whether vegetation types and primary productivity are
intrinsically limited in such an environment, but rather whether
vegetation has changed and/or productivity decreased in recent
decades. That climate and soils differ from those in more temperate
regions of the world is beyond dispute, but I know of no evidence
that intrinsic biological conditions have worsened in recent times.
Thus, the simple fact that life is tough on the QTP cannot logically
be invoked as a cause for rangeland degradation.

3.2. Global climate change

3.2.1. Reduced precipitation
A number of Chinese sources claim the QTP has experienced

a general drying trend in recent decades, negatively affecting ran-
gelands (Luosan, 1996; Yan, 2001; Li et al., 2003b; Yang et al.,
Table 1
Putative causes of rangeland degradation on the Qinghai-Tibetan plateau (QTP), as
abstracted from published and unpublished sources.

Putative cause of rangeland degradation Strength of evidence

1. The QTP is a harsh and cold environment
characterized by fragile soils

Logic lacking

2a. A desiccation trend on the QTP via reduced
precipitation, leading to reduced production

Only in isolated areas

2b. A warming trend on the QTP has led to
reduced or altered production

Generally weak

2c. Receding glaciers have led to rangeland
degradation

Logic lacking

2d. Reduction in depth and extent of
permafrost has led to rangeland gradation

Persuasive in some areas

3. Small mammals destroy rangelands Generally weak
4. Unsustainable conversion of rangelands to

cultivated crops
Persuasive in limited areas

5. ‘‘Backward’’ livestock husbandry practices Too poorly articulated to
assess

6. Privatization and sedentarization (including
fencing)

Persuasive in some areas

7a. Overstocking resulting from livestock
being valued as wealth

Generally weak

7b. Overstocking resulting from population
increase of pastoralists

Logically plausible but
poorly documented

7c. Overstocking as a rational response
to current mixture of socio-economic
incentives

Logically plausible but
poorly documented
2004a; Ye and Dai, 2004; Zhang et al., 2004; Deng, 2005; Zhou
et al., 2005a). But data generally provide no evidence of reduced
precipitation on the QTP over this time period. In most cases,
weather records show no discernible change in precipitation
amounts over the past few decades; in the few places where
changes appear to have occurred, weather records suggest a trend
toward a wetter climate, not a drier one (reviewed in Harris, 2007).

The most thorough, geographically complete, and analytically
exhaustive analyses to date appear to be those of Domrös and
Schäfer (2003), Gemmer et al. (2003), and Chen et al. (2006). The
first two sources display maps of China with almost the entire west
showing no significant change in annual precipitation for 1951–
1999. Domrös and Schäfer (2003), while concerned about future
drying (as well as warming) in China generally, concluded that
although ‘‘precipitation is expected to decrease in most eastern
parts. slight increases in the western parts are projected.’’ Gem-
mer et al. (2003), while cautioning against over interpretation of
data from western China due to small sample sizes, nevertheless
showed more months with positive precipitation trends than
negative trends. In a broader analysis, Hulme et al. (1994)
concluded that data show ‘‘a weak tendency for increasing annual
precipitation over the last 100 years’’ in East Asia as a whole, and
that while ‘‘much of southern and eastern China has experienced
reduced annual precipitation. Northwest China has seen a slight
increase in precipitation.’’

For the Gansu corridor, Chen et al. (2002) presented precipita-
tion trends from twenty-two meteorological stations, none of
which displayed statistically significant declines from the early
1950s to 1999, although three stations (Sunan, Qilian, Gaotai) had
significantly positive trends of precipitation on time. For the QTP,
Gao (1995) showed no significant trend for precipitation at
Wudaoliang. Piao and Fang (2002), based on 670 weather stations
displayed a positive precipitation trend for all of Qinghai and the
TAR during 1982–1999. Du et al. (2004) similarly showed a non-
significant, positive trend in precipitation for the TAR. Chen et al.
(2006) evaluated trends of potential evapotranspiration (PET)
throughout the QTP over the past four decades. Overall trends were
negative (suggesting that conditions were generally becoming less
dry), particularly during spring. Zhang et al. (2007) also reported
positive precipitation trends and negative PET trends in 6 areas of
the northern TAR during 1981–2000. Zhang and Welker (1996) had
earlier conducted small-scale field experiments at the Haibei
Experiment Station in Qinghai suggesting that environmental
conditions similar to those leading to the lower PET documented by
Chen et al. (2006) increased the production and growth period of
alpine grasses. I conclude that there currently is no persuasive
evidence that recent global climate change has led to reduced
precipitation generally on the QTP.

With a few exceptions, reliable weather recording has only
taken place in western China since the early 1950s, so another
possibility to examine is that, while there has been no general
drying trend during the past half-century or so, these years
themselves have been, on the whole, dryer than average on the
scale of a few centuries.

Although it is clear that the environment on the QTP was wetter
about 8000 years ago than in recent times (Gasse et al., 1996) – and
even wetter than that some 30–40,000 years BP (Shi et al., 2001;
Yang et al., 2004a) – tree-ring analyses from sites around the QTP
suggest no drying trend within the past 400–600 years. If anything,
recent times have been wetter than the average climate during the
past few centuries (Wang et al., 1982; Kang et al., 1997; Zhang and
Wu, 1997; Qin et al., 2003; Bräuning and Mantwill, 2004; Sheppard
et al., 2004; Li et al., 2008a; although see Liu et al., 2008 for
a counter-example at a relatively low elevation site on the eastern
fringe of the QTP).
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3.2.2. Climate warming causing desiccation
There is general agreement that the QTP is particularly sensitive

to global climate change (Cheng and Wu, 2007; Wang et al., 2007).
Sources providing statistical evidence of a general warming trend
in western China over the past five decades include Hulme et al.
(1994), Liu and Chen (2000), Shen and Varis (2001), Domrös and
Schäfer (2003), Gemmer et al. (2003), Yu et al. (2003), Du et al.
(2004), Qian and Lin (2004), and Wu and Liu (2004) (although
Frauenfeld et al., 2005 suggested that warming reported on the QTP
has been biased by the low elevation and proximity to urban areas
or those subject to recent land-use changes of most weather
stations). Further, the same tree-ring analyses that provided no
evidence for reduced precipitation in recent centuries do suggest
substantial warming.

However, whether or not desiccation related to warming itself is
a plausible cause of rangeland degradation, as claimed by some
(e.g., Li et al., 2003a; Zhou et al., 2003) is not clear. In assessing the
possible effects of this warming on vegetation, one must consider
the seasonality of the trends (because vegetation is differentially
affected by temperatures during various growth stages, and is least
affected when it is dormant in winter). On the QTP, the majority of
mean annual warming has been caused not by hotter summers but
by milder winters. For example, Liu and Chen (2000) estimated
warming rates of 0.016 �C/year for annual means but 0.032 �C/year
for winter means using 97 stations distributed over the entire QTP
during 1955–1996. Du et al. (2004) reported an annual warming
trend of 0.02 �C/year in summer but 0.13 �C/year in winter for
Qinghai and Tibet, 1978–1999. Domrös and Schäfer (2003)
concluded that ‘‘in winter, increasing trends prevail; strongest
increases (greater than 1.5 �C) can be observed in northwestern and
northeastern parts of China,’’ whereas, ‘‘[in] spring and summer no
uniform trend can be observed..’’ Shen and Varis (2001: 382)
concluded, ‘‘Winters have become distinctly warmer whereas
summers either cooled or became slightly warmer.’’ Frauenfeld
et al. (2005) also showed most warming as occurring in non-
growing seasons. In contrast, local data showing summer as well as
winter warming for Deqin, Yunnan, at the southeastern extreme of
the QTP, were presented by Baker and Moseley (2007).

It is worth considering what effect the relatively small increase
in summer temperatures would have on vegetation growth on the
QTP where growing seasons are short and cold to begin with. Is
such a warming likely to exacerbate desiccation or promote more
vigorous growth? On the QTP, it is possible that warming may
enhance grassland growth. Du et al. (2004) speculated that ‘‘climate
warming may promote vegetation growth on the Tibetan Plateau.’’
Piao and Fang (2002) and Piao et al. (2004, 2006) based on remote
sensing data during the period 1982–1999, documented an
increase of roughly 1 percent annually in net primary productivity
as averaged over all of Qinghai and the TAR. Xu and Liu (2007)
similarly interpreted increases in Normalized Difference Vegetation
Index (NDVI, a surrogate for biomass and productivity) on the QTP
during 1982–2002 as resulting from recent warming. Chu et al.
(2007) found a positive trend in NDVI during 1985–1999 near
Lhasa, whereas Zhang et al. (2007) found inconsistent relationships
between mean temperature and NDVI in the northern TAR. Zhang
and Welker (1996) had earlier found that grasses responded posi-
tively to artificial warming.

In contrast, Klein et al. (2004) demonstrated that losses in
vegetation species richness would likely accompany warming,
although losses were reduced in the presence of simulated grazing
(i.e., clipping). Klein et al. (2007) also reported a decline in above
ground net-productivity, particularly of palatable grass species,
under mean warming of 1.0–2.0 �C during the growing season.
Thus, if global warming increases summer temperatures, in addi-
tion to winter temperatures as has been primarily reported thus far,
it could result in reduced rangeland productivity of QTP. In addition,
climate-vegetation dynamics may also be complex: reductions in
vegetation cover may induce warming and drying rather than vice
versa (Holzner and Kreichbaum, 2001; Du et al., 2004).

3.2.3. Receding glaciers
As with the warming trend, there is little dispute that glaciers on

the QTP are in general decline as a result of recent climate change
(Rikiishi and Nakasato, 2006; Baker and Moseley, 2007; Pu et al.,
2007; Yao et al., 2007; Li et al., 2008b; Xin et al., 2008; Yang et al.,
2008). However, some authors (e.g., Shang and Long, 2005) have
listed glacial retreat as among direct causes of grassland degrada-
tion (in particular, the increase in ‘‘black beach’’, highly eroded
areas in high-elevation, Kobresia-dominated meadows). Although
retreating glaciers will obviously have impacts on hydrology
(particularly for downstream water users), it is unclear how loss of
glaciers per se would affect rangeland conditions, nor has such
a direct mechanism been suggested by these papers. It seems likely
that naming receding glaciers as a cause of vegetation degradation
is actually an attempt to support the claims of other climate-related
hypotheses.

3.2.4. Reduced depth or extent of permafrost
Alterations in the extent and depth of permafrost, which is also

known to have occurred on the QTP (Wang, 1993, 1997; Jin et al.,
2000; Wang et al., 2000; Lin et al., 2004; Wu et al., 2006) may be
related to changes in rangeland productivity (Li and Huang, 1995; Li
et al., 2005; Oelke and Zhang, 2007; Zhang, 2007). The active layer,
which is subject to repeated freezing and thawing, is more
vulnerable to weathering and subsequent reductions of vegetation
than is the permanently frozen layer (Yang et al., 2004b; Zhao et al.,
2004; Li et al., 2008b; Wang et al., 2008a). Thus expansion of the
depth or extent of the active layer could lead to erosion and loss of
productivity, and has been implicated as a factor in retreating lakes
and wetlands (Wang et al., 2006a; Cheng and Wu, 2007; Zhang,
2007).

Data collected and models constructed thus far suggest that
such effects should be observed mostly in the highest, coldest
sedge-dominated meadows (typically pastoral summer ranges;
Wang et al., 2006a), where ‘‘black beach’’, a condition in which the
entire turf layer sloughs off revealing bare mineral soil, has been the
subject of considerable restoration efforts. Overgrazing and bur-
rowing by small mammals are usually blamed for black beach, but
it has also been observed where grazing is light and small mammals
uncommon, suggesting a climatic contribution (D. Miller, USAID,
New Delhi, India, personal communication, 2008).

However, grassland degradation has occurred on lower eleva-
tion winter ranges in addition to typically high-elevation summer
ranges (including areas without permafrost (Jin et al., 2000; Li et al.,
2008b)). Additionally, interpreting correlations between loss of
permafrost and grassland degradation is not straight-forward,
because causation may run in either direction. Although changes in
the dynamics of water and nutrient retention resulting from loss of
permafrost likely affect vegetative composition and productivity,
loss of vegetative cover (whose causes, presumably, lie elsewhere)
may also be a factor in promoting or accelerating permafrost loss
(Wang, 1993; Wang et al., 2008a). Yang et al. (2004b) postulated
dynamics in which human-caused loss of vegetative cover led to
permafrost degradation, which in turn, further exacerbated the
trend of vegetation loss.

Still, the claim that permafrost loss caused by global temperature
increases can induce substantial changes in hydrological dynamics
and thus in vegetation is logical. At least one study has suggested
that the depth of seasonally frozen soil in areas devoid of permafrost
was positively correlated with vegetative biomass (Li et al., 2005).
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Thus, it may yet emerge that loss of permafrost or thinning of
seasonally-frozen soil caused by warming has been a substantial
contributor to rangeland degradation, at least locally, but additional
site-specific and hypothesis-driven research is needed.

3.3. Damage by ‘‘rodents’’

Plateau pikas are known to be important ecosystem engineers
and have disproportionate effects on biodiversity on the QTP
(Smith and Foggin, 1999; Lai and Smith, 2003; Zhang et al., 2003).
Early Chinese work simply blamed plateau pikas for grassland
degradation (e.g., Liu et al., 1980), based on the fact that they
consume vegetation and create burrows in the soil. However,
researchers in Qinghai have increasingly interpreted high pika
abundance as resulting from, rather than causing degraded grass-
lands (Shi, 1983; Liu et al., 1991; Bian et al., 1999; Fan et al., 1999; Liu
et al., 1999b; Zhou et al., 2005b). (Some authors – despite lacking
evidence – have blamed reductions of natural predators for high
pika densities, e.g., Li et al., 2003a). Pech et al. (2007) documented
density-dependent increases in pika abundance following control.

There now seems a consensus that pikas, as well as burrowing or
fossorial rodents such as Plateau zokors (Myospalax baileyi), voles
(Microtus spp.), and jerboas (Allactaga spp.) are naturally-occurring
features of healthy rangelands on the QTP. Pikas evidently remain at
moderate densities when vegetation cover is high, but can increase
to high densities in response to vegetation loss (probably because
survival is enhanced when they can easily detect avian predators). At
these high densities, pikas themselves exert a negative force on
trophic dynamics, encouraging the continuation of a degraded state.
Thus, while definitive studies disentangling cause and effect have
yet to be conducted, it seems likely that pikas (and other ‘‘rodents’’)
are at most a cause of exacerbating rangeland degradation whose
origin lies elsewhere, and probably more accurately, seen as an
indicator than a cause of rangeland degradation on the QTP.

3.4. Unsustainable conversion of rangelands to cultivated crops

Attempts to cultivate land for crops that are suited only for
pastoralism are generally agreed to lead to rangeland degradation,
both because of direct effects on vegetation, soils, and hydrology,
and indirect effects of concentrating an unchanged number of
livestock on a smaller land base. However, according to statistics
complied by Deng (2005, p. 154), cultivated areas on the QTP
currently constitute less than 0.5% of the region’s natural grass-
lands, and about half that proportion of the total landscape. Most
highland agriculture is concentrated around Qinghai Lake and
surrounding basin areas, where elevations are typically only
slightly above 3000 m. Substantial agricultural acreage is also
found in Aba and Ganzi Prefectures of Sichuan, but aside from these
areas, very little agriculture currently take places in the core
pastoral areas of the TAR and southern Qinghai, and where it does,
it is located mainly in the valley bottoms where it has been prac-
ticed for centuries.

However, Deng (2005, p. 160) also points out that, while on
a relative scale the acreages were modest, government-sponsored
programs of ‘‘reclaiming wasteland’’ for crops were particularly
active during or just after the Great Leap Forward, and, to a lesser
degree, continued throughout the collective era. Most of the areas
affected were evidently in Qinghai Province, with others in Hon-
gyuan, Sichuan and Gannan, Gansu. Further, most of these lands
were later abandoned, and it is likely that soil erosion and nutrient
loss prevented them from recovering to become productive grass-
lands later. Many areas ‘‘reclaimed’’ were on winter pastures, and
may have been among the most valuable for livestock. Rangelands
in some areas, for example in the Gonghe Basin in Qinghai’s Hainan
Prefecture, have evidently continued to suffer from ambitious
agricultural expansion (Deng, 2005, p. 173, see also Zeng et al.,
2003, although these latter authors make no mention of historic
reclamation), even after the follies of earlier policies were recog-
nized. Wang et al. (2008b) also identified recent cultivation as
a contributor to grassland degradation in nearby Gannan Prefecture
in Gansu, and Wang et al. (2008c) identified economic forces as
continuing to favor cultivation over grazing in Dulan County,
Qinghai. On a local scale, these (mostly) historic activities have no
doubt contributed to rangeland degradation, whether recognized
at the time or only much later.

Still, it is unclear how much these relatively local areas of
historic misuse have contributed to statistics suggesting degrada-
tion over larger areas. If they are important contributors, they may
be skewing averages in a way that tar purely pastoral areas with the
same brush that paints these areas so darkly. If not, they may
simply be anomalies, locally consequential but not globally
important drivers of rangeland degradation on the QTP.

3.5. ‘‘Backward’’ pastoral production systems

A number of Chinese papers list ‘‘traditional’’ or ‘‘backward’’
practices on the part of pastoralists as a cause of degradation,
without specifying which practices they mean (e.g., Zhou et al.,
2003; Zhang, 2004; Zhou et al., 2005a). In some cases, irrational
herd structures are identified as leading to unnecessarily high
livestock densities (e.g., Zhou, 2001). In other cases, subsistence (as
opposed to market-based) pastoralism is sometimes identified as
a cause of degradation in its own right (Zhang, 2004). In often
denigrating traditional pastoral systems, the assumption is usually
made that higher production of livestock products is a goal
(although Wu and Du, 2007 criticized Chinese researchers’ focus on
productivity at the expense of concern about biodiversity). Chinese
research has emphasized theoretical optimization of herd size and
structure and the need for external inputs (e.g., fertilizing, seeding,
haying), but has generally paid little attention to the ecological,
economic or social sustainability of proposed livestock manage-
ment systems (Gu, 2000b; Zhao et al., 2000; Zhang, 2004).

It seems beyond dispute that prior to adopting some of the
initiatives of the ‘‘set of four’’ policy, pastoral practices used by
Tibetans and other pastoral groups on the QTP were traditional,
largely unchanged from those used for centuries. Even now, after
the partial sedentarization that many have adopted (e.g., living in
houses rather than tents, fencing winter areas, using concrete
warming sheds during spring lambing), livestock husbandry on the
QTP is quite different from that in industrialized economies. It is
also true that herd structures (e.g., male: female ratio) are often not
those designed for maximum offtake.

But authors invoking ‘‘backwardness’’ are generally concerned
about conditions on QTP rangelands that are considered to be
rather recent in origin. If lack of technology or a scientific approach
to animal husbandry per se is problematic, a logical corollary
should be that the degraded conditions of concern now have
existed for as long as pastoralism has been the dominant land use
(unless pastoralists have somehow become more backward or less
scientific in recent decades). To the degree that a subsistence
economy is itself a problem, rangeland trends should have started
trending positively a few decades ago because pastoralists on the
QTP have increasingly become embedded in larger market econo-
mies; truly subsistence pastoralism has declined steadily since the
founding of the PRC. Indeed, if trends away from palatable peren-
nials and toward desertification are no greater now than in the past,
one needs to ask why the system didn’t collapse long ago.

In casting doubt over the simplistic assertion that traditional
semi-nomadic pastoralism has itself degraded QTP rangelands, I
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don’t intend to imply that it is necessarily ecologically sustainable
under any or all conditions (i.e., that it cannot lead to degradation).
As with any cultural-economic system, it may be sustainable under
certain external circumstances and not under others. But it does
appear logical that the mere fact that most rangelands of concern
are considered to have been in much better condition only a few
decades ago is sufficient to conclude that traditional pastoral
systems can be consistent with long-term sustainability, and thus
cannot, of themselves, be identified as a cause of degradation.

3.6. Privatization and/or sedentarization (including fencing)

Research by most Western-based observers has focused on
assumed sustainability and resilience of traditional herding
systems that used large-scale movements to mediate short-term
livestock-pasture imbalances (Goldstein et al., 1990; Miller et al.,
1992; Miller, 1999, 2002; Foggin, 2000; Banks, 2001, 2003; Banks
et al., 2003). Most of these authors have paid less attention to
desires pastoralists may have for the better access to schools or
medical care that Chinese policymakers claim will come with
a household-scale ranching model (Zhao et al., 2000; Yu, 2003;
Zhang, 2004; Lu and Lu, 2004). These Western authors have
focused primarily on the social, cultural and economic effects of
sedentarization. Although limiting flexibility to exploit distant
pastures may cause starvation among livestock (and hardship for
pastoralists) during years of drought or snowstorms, this would not
necessarily lead directly to overstocking or rangeland degradation.

Concentrating livestock near settlements does seem likely to
negatively affect vegetation locally; indeed, one need only visit
winter houses – now used for increasingly lengthy periods – to
observe how vegetation is adversely affected by constant use and
trampling. Fences used to protect pastures from seasonal use or
trespassing livestock often have the effect of increasing the intensity
of use surrounding them. Thus, it stands to reason that a less mobile
herding strategy, absent any other changes, is more likely to inten-
sify pressures on rangelands than to ameliorate them. (Of course, the
objective of such policies did not envision sedentarization as an end-
point, but rather as a means to more clearly demarcate natural
limits, and thus as an incentive to limiting herd size).

But even here, empirical evidence showing that sedentarization
policies have exacerbated rangeland degradation (in contrast to
their nominal justification) is scant. Monitoring rangeland trends in
a way that could provide feedback on the biological effects of
sedentarization programs has simply been insufficient (or too
poorly documented and published) to allow a clear picture.

3.7. Overstocking

3.7.1. Livestock numbers themselves are considered the best
measure of wealth

Among some Chinese authors, an often assumed – although
infrequently articulated or examined – characteristic of traditional
pastoralists is that livestock as viewed as synonymous with wealth
(Miller, 2005 points out that the Tibetan term for yak, nor, can also
be translated as ‘‘wealth’’). Therefore, the logic continues, pasto-
ralists attempt to maximize livestock numbers, even at the expense
of rangelands and soils. Bai et al. (2002) considered that Tibetans’
valuing of livestock as wealth regardless of their effects on vege-
tation was the primary cause of the tremendous increase in live-
stock numbers in Maduo county, Qinghai during the 1960–1980
period (roughly a quadrupling of numbers in two decades’ time).
But Bai et al. (2002) failed to ask why, if Tibetans’ consistently
valued high numbers of livestock, animals were so few in 1960, or
why herds plummeted again after 1980. Rather, the simple asser-
tion was made that the increase was because of irrational Tibetan
values, and the decline was because of rangeland limitations. Might
there have been other factors at work? The question wasn’t asked.

Simpson et al. (1994, p. 79) also accepted the notion that
pastoralists tend to prefer large herds, but rather than leaving it at
that, brought it into economic context: ‘‘It is true that producer
preference in pastoral areas for ownership of large numbers of
livestock seems to be a root problem of low offtake rates and
overgrazing. But. this attitude is no more irrational than an urban
resident obtaining esteem by ownership of material goods such as
a motorcycle or a new television set. Ownership of large numbers of
animals is a rational production risk avoidance mechanism. at the
root are poor transportation systems and vast distances that simply
result in very low prices to producers in remote areas.’’ Others who
have investigated traditional pastoral practices have also noted that
high livestock numbers were often seen as a hedge against density-
independent declines, allowing a better chance for herd re-estab-
lishment following a drought or blizzard that would kill a large
proportion of any sized herd (Goldstein et al., 1990; Wu and Yan,
2002; Miller, 2005).

I am not aware of rigorous surveys of Tibetan, Mongol, or Kazak
pastoralists that could shed light on whether or not a culturally-
embedded preference for high livestock densities typically trumps
other considerations. My own experience supports the literature in
suggesting that pastoralists with many livestock consider them-
selves better off than those with fewer. But it does not necessarily
follow that livestock per se make them wealthier; it seems just as
plausible that higher numbers of livestock result from wealth as
that they are wealth. To the degree that pastoralists operate in the
cash economy, it seems equally plausible that higher numbers of
livestock simply allow for higher sales, allowing more flexibility in
how wealth is stored. Thus, while a cultural desire for high livestock
densities may exist, it seems far from demonstrated that it neces-
sarily leads to overstocking and/or to rangeland degradation.

3.7.2. Population growth among pastoralists
Some authors have identified simple population growth among

pastoralists as causing overstocking and thus rangeland degrada-
tion (e.g., Zhang et al., 2004; Li et al., 2008c). It is beyond dispute
that, subject to less stringent birth-control measures than urban
residents (if any at all), population growth rates among pastoralists
on the QTP have far exceeded those within China generally. Data in
Riley (2004) suggests the growth rate of Tibetans and Kazaks
during 1982–2000 was about double that of Han; see also Fischer
(2008). Deng (2005) compiled provincial records to estimate
a mean population density within pastoral areas of the QTP as
about 2.5/km2 in 2000, although even this figure may be an over-
estimate if it averages county centers together with purely pastoral
areas (Foggin et al., 2006). Estimating the rate of increase among
pastoralists is complicated, however, by methodological issues and
the selection of time periods (Fischer, 2008).

That said, if – as seems logical – the number of livestock (or
amount of wealth they can create indirectly) must remain at
a similar per capita level to maintain an unchanging living stan-
dard, it seems plausible that simple population growth could lead
to chronic overstocking, even if the system were sustainable at
lower human population densities. Again however, empirical data
linking higher livestock densities causally to the number of pasto-
ralists is surprisingly sparse. Zhang et al. (2007), using remote
sensing in the northern portion of the TAR, concluded that in 2 of 6
counties studied, vegetation biomass production, as measured by
NDVI, was negatively correlated with human population during
1981–2001. However, correlations in 4 other counties were not
significant (and 2 were positive). Thus, if local population increases
had led to livestock increases that in turn led to reductions in NDVI,
the effect was, at best, inconsistent.
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A study implicating pastoral population growth as causative
would need to be carefully designed to exclude the many other
competing hypotheses. Simple correlation, as much Chinese work
has employed, will almost certainly lead to conclusions that are
seriously confounded because so many other factors have changed
contemporaneously with the number of pastoralists.

3.7.3. Short-term economic benefits overwhelm long-term interests
The final hypothesis I consider has rarely been articulated

directly in the literature, although a few authors (e.g., Shen et al.,
2004; Zhang et al., 2004) have hinted at it. It may be so obvious and
intuitive that none thought articulating it necessary. If so, I would
differ: clarity in identifying our hypotheses can only help in
determining what is happening.

Briefly, this hypothesis is that nomadic pastoralists are not unlike
most others in responding to the combination of economic and
political incentives: they tend to choose the path they perceive will
bring the most benefit and least pain to themselves and their
families. Prior to imposition of state control, this meant a traditional
semi-nomadic pastoral lifestyle, in which herd sizes were limited by
a combination of natural factors and the needs of their largely-
subsistence lifestyle. During the collectivization period, when
immediate livestock production requiring large numbers of animals
was evidently mandated by policy, they increased their herd sizes
(perhaps to beyond what could be sustained). Shen et al. (2004)
suggested that government policies during the Great Leap encour-
aged high livestock densities; Zhang et al. (2004) cited the Cultural
Revolution period as the beginning of unsustainably high livestock
densities in southern Qinghai. It is difficult to know if these
dynamics were more general, because the authors of Shen et al. and
Zhang et al. are exceptions: most Chinese authors have avoided
linking natural resource management with the politics of the day.

With the dissolution of collectives and the rapid transition to
a market economy in the 1980s, many pastoralists modulated their
herd sizes to those which they perceived would make them the
most money. Cincotta et al. (1992) documented a general herd
increase since decollectivization in northern Qinghai; Zhang et al.
(2004) also implicated the economic reforms of the 1980s as
exacerbating the trend toward high livestock numbers. With the
increased prices available for sheep and goat products (largely
arising from outside the local area) and the increased ease of access
to distant markets (largely in the form of mobile livestock
purchasers from Xinjiang, Gansu, or eastern Qinghai), larger herds
meant larger profits (at least in the short term). Lack of power to
negotiate higher prices meant that only by increasing herd size
could they make a higher profit. Increased interaction with town
life eased the ability to store wealth in ways other than pasture,
thus cushioning any feedback in the form of lower livestock
productivity per capita. Increased interaction with the non-pastoral
sector also provided alternative visions of a better future (e.g.,
schooling for children) than merely the health of the pastoral
allotment. Finally, lack of secure land tenure – the intentions of the
1985 Grassland Law notwithstanding – would have favored these
short-term benefits over a long-term perspective of pasture
sustainability. The 50-year contract most pastoralists entered into
might seem sufficient to provide for a long-term perspective, but
the plethora of government policies and pronouncements and
uneven administration of the Grassland Law’s stipulations may
have conspired to undermine the psychological sense of ownership
that they had intended to provide.

An assumption underlying recent Chinese policy initiatives
toward quasi-privatization and market-based livestock husbandry
is that feedbacks in the system will function to reward conservative,
and punish excessive livestock densities. But there are reasons to
doubt the assumption that feedbacks in the biological realm (e.g.,
declining yield/animal from overstocking) will translate into
incentives in the economic realm, at least over a time horizon
within which pastoralists would recognize the linkage. Studies
conducted by the Chinese Academy of Sciences at Haibei, Qinghai,
demonstrated negative relationships between annual weight gain
of sheep and stocking density (Zhou et al., 1986; Zhou et al., 1995b;
Zhou, 2001); at Dawu, Qinghai, similar studies yielded similar
relationships with yaks (Dong et al., 2005). If pastoralists profit by
producing heavier animals (or by growing them faster rather than
slower), this dynamic could theoretically function in a market-
based setting to limit stocking densities. Zhou et al. (1995a)
attempted to show just this: by calculating weight gain per unit
area as a function of livestock density and then fitting a logistic
model to these data, they concluded – as their underlying model
forced them to – that economically-optimal stocking occurred at
half the theoretical carrying capacity (which likely would have
exerted relatively little pressure on rangelands).

However their data on sheep weight gain/area displayed no
evidence of the parabolic shape assumed by the logistic model; in
fact, it showed no evidence of variation at all. Thus, rather than
supporting the authors’ contention that the optimal stocking rate
occurred at half the carrying capacity (about 2 sheep/ha in their
case), their data suggested no loss in per area productivity to
a pastoralist who stocked at 3 sheep/ha or even greater densities, at
least within the short time-frame of the study. Thus, contrary to the
hopeful conclusions of Zhou et al. (1995a), their data seemed to
suggest that pastoralists making livestock management decisions
based on livestock biomass produced per unit area would rationally
opt to compensate for lighter animals simply by keeping and selling
more of them.

While this final hypothesis appears consistent with many
patterns, it too lacks clear and convincing evidence. We don’t really
know why pastoralists have made the decisions they have, at least
under the current mixture of political-economic incentives.
Research linking incentives to rangeland condition via pastoralists
as intermediaries, has not yet been conducted on the QTP.

4. Summary and research needs

I have identified 12 non-exclusive hypotheses to explain range
degradation on the QTP, and attempted to examine the basis and
evidence available for each (Table 1). Some appear to fail the most
basic tests of logic and should be abandoned. Others seem to lack
supporting evidence, and thus should be viewed skeptically. Yet
others are logically plausible and can claim some support from data
(or at least from anecdotal evidence). In my view however, none has
been explored sufficiently rigorously to confidently assert a causal
linkage.

It seems clear that Chinese policy will not tolerate a return to
traditional nomadic pastoralism over large spatial scales, nor does
this seem feasible given recent integration of livestock production
systems on the QTP with distant markets and with on-going socio-
economic development taking place in pastoral areas. Some kind of
modernized livestock management, even if not what Chinese policy
currently promotes, must ultimately be adopted. But even where it
can be safely assumed that rangeland degradation is serious and
that it has been caused by excessive livestock numbers, there has
been very little rigorous Chinese research into the reasons for
overgrazing and rangeland degradation. Most Chinese biological
research has not asked, much less answered, questions regarding
human motivations among the pastoralists using the rangelands of
the QTP, but this has not kept many authors from suggesting simple
reductions in livestock numbers or dramatic changes in livestock
production systems (e.g., Gu, 2000b; Li et al., 2003a; Ma et al.,
2004). The synthetic approach that is critical to understanding the
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etiology of the rangeland degradation problem and thus to
proposing policies that are both ecologically, economically and
socially sustainable has largely been lacking in China (for excep-
tions, see Wu and Yan, 2002; Yi et al., 2008). Within China, open
inquiry into the problem of grassland degradation on the QTP has
no doubt been constrained by its close association with sensitive
issues bearing on cultural conservation and political control.
However, sustainable rangeland management and economic
development of the QTP will require more nuanced approaches
which start with a more thorough understanding than currently
exists of rangeland vegetation dynamics, how pastoralists’ actions
affect them, and, in turn, how pastoralists respond to social,
economic, and policy incentives.
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Wissenchasften, Vienna.

Davidson, G., Behnke, R.H., Kerven, C., 2008. Implications of rangeland enclosure
policy on the Tibetan plateau. UPDATE Magazine No.2, October 2008. Interna-
tional Human Dimensions Programme on Global Environmental Change, 59–62.

Deng, A., 2005. Research on Ecological Economics of Pastoral Grasslands on the
Qinghai-Tibet Plateau. People’s Publishing House, Beijing, 292 pp. (in Chinese).

Deng, P.H., Liang, H.M., 2003. Causes and control of natural grassland degradation in
the Aba region, Sichuan. Sichuan Livestock and Veterinary Science 7 (in
Chinese).
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Thompson, L.G., 2004. Annual precipitation since 515 BC reconstructed from
living and fossil juniper growth of northeastern Qinghai Province, China.
Climate Dynamics 23, 869–881.

http://www.chinadevelopmentbrief.com/node/573


R.B. Harris / Journal of Arid Environments 74 (2010) 1–12 11
Shi, Y.F., Yu, G., Liu, X.D., Li, B.Y., Yao, T.D., 2001. Reconstruction of the thirty to forty
Ka BP enhanced Indian monsoon climate based on geological records from the
Tibetan Plateau. Palaeogeography, Palaeoclimatology, Palaeoecology 169,
69–83.

Shi, Y.Z., 1983. On the influences of rangeland vegetation on the density of plateau
pika (Ochotona curzoniae). Acta Theriologica Sinica 3, 181–187 (in Chinese).

Simpson, J.R., Cheng, X., Miyazaki, A., 1994. China’s Livestock and Related Agricul-
ture: Projections to 2025. CAB International, Wallingford, UK.

Smith, A.T., Foggin, J.M., 1999. The plateau pika (Ochotona curzoniae) is a keystone
species for biodiversity on the Tibetan Plateau. Animal Conservation 2,
235–240.

Smith, A.T., Zahler, P., Hinds, L.A., 2006. Ineffective and unsustainable poisoning of
native small mammals in temperate Asia: a classic case of the science-policy
divide. In: McNeely, J.A., McCarthy, T.M., Smith, A.T., Olsvig-Whittaker, L.,
Wikramanayake, E.D. (Eds.), Conservation Biology in Asia. Society for Conser-
vation Biology, Asia Section and Resources Himalaya Foundation, Kathmandu,
Nepal, pp. 285–293.

State Council, 2002. Some suggestions regarding strengthening grassland protec-
tion and construction. State Council Circular 19 (in Chinese).

State Environmental Protection Agency Nature Reserve Bureau (SEPA), 1999. Report
on China’s Ecological Problems. China Environmental Sciences Press, Beijing (in
Chinese).

State Environmental Protection Agency Nature Reserve Bureau (SEPA), 2006.
Grasslands. SEPA website, July 27, 2006 (in Chinese).

State Environmental Protection Agency Nature Reserve Bureau (SEPA), 2007. Report
on environmental 2006: Grasslands. SEPA website, June 18, 2007 (in Chinese).

Walker, B.H., Gunderson, L.H., Kinzig, A.P., Folke, C., Carpenter, S.R., Schultz, L., 2006.
A handful of heuristics and some propositions for understanding resilience in
social-ecological systems. Ecology and Society 11 (1), 13. http://www.
ecologyandsociety.org/vol11/iss1/art13 [online].

Wang, G.X., Cheng, G.D., 2001. Characteristics of grassland and ecological changes of
vegetation in the source region of the Yangtze and Yellow Rivers. Journal of
Desert Research 21, 101–107 (in Chinese).

Wang, G.X., Li, Y.S., Wu, Q.B., Wang, Y.B., 2006a. Relationships between permafrost
area on the Qinghai-Tibetan plateau and vegetation, and influence on high, cold
ecosystems. China Science D: Earth Sciences 36, 743–754 (in Chinese).

Wang, G.X., Wang, Y.B., Li, Y.S., Cheng, H.Y., 2007. Influences of alpine ecosystem
responses to climatic change on soil properties on the Qinghai-Tibet Plateau,
China. Catena 70, 506–514.

Wang, G.W., Li, Y.S., Hu, H.C., Wang, Y.B., 2008a. Synergistic effect of vegetation and
air temperature changes on soil water content in alpine frost meadow soil in
the permafrost region of Qinghai-Tibet. Hydrological Processes 22, 3310–3320.

Wang, H., Zhou, X.L., Wan, C.G., Fu, H., Zhang, F., Ren, J.Z., 2008b. Eco-environmental
degradation in the northeastern margin of the Qinghai–Tibetan Plateau and
comprehensive ecological protection planning. Environmental Geology 55,
1135–1147.

Wang, Q.J., Zhou, L., Wang, F.G., 1995. Effect analysis of stocking intensity on the
structure and function of plant community in winter-spring grassland. In:
Alpine Meadow Ecosystem, vol. 4. Science Press, Beijing (in Chinese)353–364.

Wang, S.L., 1993. Preliminary investigations on the relationship between grassland
degradation on the eastern Qinghai-Tibetan plateau and permafrost. Dynamic
Web of Eco-Environmental Research 4, 24–27 (in Chinese).

Wang, S.L., 1997. Study of permafrost degradation on the Qinghai-Xizang plateau.
Advances in Earth Science 12, 164–167 (in Chinese).

Wang, S.L., Jin, H.J., Li, S.X., Zhao, L., 2000. Permafrost degradation on the Qinghai-
Tibet Plateau and its environmental impacts. Permafrost and Periglacial
Processes 11, 43–53.

Wang, X.H., Zheng, D., 1999. Sustainable use of alpine meadow grassland resources
on the Qinghai-Tibetan plateau. Resource Sciences 21, 38–42 (in Chinese).

Wang, X.H., Han, X.Y., Bennett, J., 2004. Sustainable Land Use Change in the North
West Provinces of China. Research Report 1, Australian Centre for International
Agricultural Research (ACIAR) Project: ADP/2002/021, ISSN: 1449-7433. http://
apseg.anu.edu.au/pdf/staff_pdf/bennett/china_land_use (accessed 05.01.05).

Wang, X.H., Zheng, Z.D., Shen, Y.C., 2008c. Land use change and its driving forces on
the Tibetan Plateau during 1990–2000. Catena 72, 56–66.

Wang, W.Y., Wang, Q.J., Wang, H.C., 2006b. The effect of land management on plant
community composition, species diversity, and productivity of alpine Kobresia
meadow. Ecological Research 21, 181–187.

Wang, Y.B., Wang, G.X., Sheng, Y.P., Wang, W.L., 2005. Degradation of the eco-
environmental system in alpine meadow on the Tibetan plateau. Journal of
Glaciology and Geocryrology 27, 634–640 (in Chinese).

Wang, Y.X., Liu, G.Y., Zhang, X., Li, C.F., 1982. Tree rings of Qilian Mountains juniper
trees and their relationship to China’s climate change and glacial advance and
retreat during the past thousand years. Chinese Science Bulletin 21, 1316–1319
(in Chinese).

Williams, D.M., 1996. Grassland enclosures: catalyst of land degradation in Inner
Mongolia. Human Organization 55, 307–313.

Williams, D.M., 1997. The desert discourse of modern China. Modern China 23,
328–355.

Williams, D.M., 2002. Beyond Great Walls: Environment, Identity, and Development
on the Chinese Grasslands of Inner Mongolia. Stanford University Press, Stan-
ford, CA.

Wu, G.L., Du, G.Z., 2007. Discussion on ecological construction and sustainable
development of degraded alpine ecosystem of the Qinghai-Tibetan plateau.
Nature Journal 29, 159–169 (in Chinese).
Wu, N., Yan, Z.L., 2002. Climate variability and social vulnerability on the Tibetan
Plateau: Dilemmas on the road to pastoral reform. Erdkunde 56, 2–14.

Wu, Q.B., Liu, Y.Z., 2004. Ground temperature monitoring and its recent change in
Qinghai-Tibetan Plateau. Cold Regions Science and Technology 38, 85–92.

Wu, Q.B., Lu, Z.J., Liu, Y.Z., 2006. Permafrost changes in the Tibetan Plateau.
Advances in Climate Change Research 2 (Suppl. 1), 77–80.

Xin, L., Cheng, G.D., Jin, H.J., Kang, E.S., Che, T., Jin, R., Wu, L.Z., Nan, Z.T., Wang, J., Shen, Y.P.,
2008. Cryospheric change in China. Global and Planetary Change 62, 210–218.

Xu, W.X., Liu, X.D., 2007. Response of vegetation in the Qinghai-Tibet Plateau to
global warming. Chinese Geographical Science 17, 151–159.

Yan, J.P., 2001. Strategies and Countermeasures of China’s Great Western Develop-
ment Strategy. Science Press, Beijing (in Chinese).

Yan, Z.L., Li, G.R., Wu, N., 2000. A probe into the pastoral production system in
Hongyuan, eastern Qinghai-Tibetan plateau. In: Proceedings of the Third
International Yak Congress, Lhasa. ICIMOD, Kathmandu.

Yan, Z.L., Wu, N., Dorji, Yeshi, Ru, J., 2005. A review of rangeland privatization and its
implications in the Tibetan Plateau, China. Nomadic Peoples 9 (1), 31–51.
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