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Abstract

Karst rocky desertification occurs after vegetation deteriorates as a result of intensive
land use, which leads to severe water loss and soil erosion and exposes basement
rocks, creating a rocky landscape. The karst rocky desertification is found in humid ar-
eas in Southwest China, the region most seriously affected by rocky desertification in
the world. In order to promote ecological restoration and help peasants out of poverty,
the Chinese government carried out the first phase of a rocky desertification control
project from 2006 to 2015, which initially contained the expansion of rocky desertifica-
tion. Currently, the Chinese government is prepared to implement the second phase
of the rocky desertification control project, and therefore it is essential to summarize
the lessons learned over the last ten years of the first phase. In this paper, we ana-
lyze the driving social and economic factors behind rocky desertification, summarize
the scientific research on rocky desertification in the region, and finally identify the
main problems facing rocky desertification control. In addition, we put forward several
policy suggestions that take into account the perspective of local peasants, the sci-
entific research, and China’s economic development and urbanization process. These
suggestions include: promoting the non-agriculturalization of household livelihoods, im-
proving ecological compensation, strengthening the evaluation of rocky desertification
control and dynamic monitoring, and strengthening research on key ecological function
recovery technologies and supporting technologies.

1 Introduction

Karst rocky desertification (RD) is used to characterize the process that transforms
a karst area covered by vegetation and soil into a bare rocky landscape almost de-
void of soil and vegetation in the fragile karst ecosystems in tropical and subtropical
regions (Yuan, 1997; Wang et al., 2004a). In general, water loss and soil erosion take
place when surface vegetation is destroyed, leading to land desertification (Barbero-

3272

Jaded uoissnasiq

Jaded uoissnasiq

| Jaded uoissnosiq |

Jaded uoissnasiq

SED
7,3271-3292, 2015

Rocky desertifica-
tion control in Karst
areas in Southwest

China

J. Y. Zhang et al.

Title Page
Abstract Introduction
Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

©)
do


http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/7/3271/2015/sed-7-3271-2015-print.pdf
http://www.solid-earth-discuss.net/7/3271/2015/sed-7-3271-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

Sierra et al., 2015; Torres et al., 2015; Cerda and Lavee, 1999). Degraded land surface
vegetation can gradually be restored and water loss and soil erosion can be reduced
with timely management, leading to ecological recovery (Lovich and Bainbridge, 1999;
Vieira et al., 2015). Unfortunately, this has not occurred in the karst areas of Southwest
China. Because of vegetation deterioration caused by unreasonable human activities,
water loss and soil erosion have already taken place. This has caused bedrock to be
exposed and has initiated a process similar to desertification (Fig. 1).

Once this process begins it is very difficult to reverse, and for this reason it has been
called “the earth’s cancer” by the Chinese media. Karst rocky desertification occurs
mainly in Southwest China with an area of 107.16 x 10*km? and includes parts of
Guihzou Province, Yunnan Province, Sichuan Province, Guangxi Province, Guangdong
Province, Hunan Province, Hubei Province, and Chonggqing City (Table 1). In addition to
China, rocky desertification has also occurred in other regions in the world, such as the
European Mediterranean region, North America, Southeast Asia, and some Caribbean
island countries (Ford and Williams, 2007; Jiang et al., 2014; Sunkar, 2008; Williams,
2011; Symeonakis et al., 2014).

Currently, the desertification control research in the world mainly focus on arid and
semi-arid areas (Cerda et al., 2009; Cerda and Lavee, 1999; Bisaro et al., 2014; De
Pina Tavares et al., 2014; Escadafal et al., 2015; Fleskens and Stringer, 2014), but
research on karst rocky desertification control are relatively scarce. However, the pro-
cesses and control of karst rocky desertification are significantly different from deserti-
fication. The process of karst rocky desertification is nearly irreversible in a short time,
such as the time scale of a decade, and so it could be argued that the damage resulting
from rocky desertification is permanent. Rocky desertification has severely affected the
local ecology, hydrology, and soils at various scales and is consequently responsible
for droughts, floods, landslides, land subsidence, and other geological hazards. Rocky
desertification not only degrades the ecological environment but also affects agricul-
tural and forestry production, seriously hindering sustainable development of the local
socio-economy. The expansion of rocky desertification has put more strain on people’s
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lives in these areas when they are already living below the poverty line (Yang et al.,
2014).

In order to curb rocky desertification, promote ecological restoration, and help peas-
ants out of poverty, the Chinese government has carried out the first phase of a rocky
desertification control demonstration project between 2006 and 2015, which initially
contained the expansion of rocky desertification (Bai et al., 2013). Although the area of
rocky desertification has decreased by 96 x 10* ha, the control work faces serious fu-
ture challenges. As of 2012, there is still a rocky desertification area of 1200.02 x 10*ha
and a potential rocky desertification (PRD) area of 1331.8 x 10*ha (the State Forestry
Administration of the People’s Republic of China, 2012). The rocky desertification area
is likely to continue to expand in the face of unreasonable human activities. The Chi-
nese government is currently prepared to implement the second phase of the rocky
desertification control project, so it is essential to summarize what has been learned
from the first phase of the project. In this paper, we analyze the driving social and eco-
nomic factors behind rocky desertification, summarize the scientific research on rocky
desertification in the region, and finally identify the main problems facing rocky deser-
tification control. In addition, we put forward several policy suggestions in the future
rocky desertification control.

2 The relationship among rocky desertification, natural processes and human
activities

Rocky desertification in Southwest China owes its formation to the special geological
and ecological environment of the region. Since it lies in a subtropical climate zone,
it is warm and humid. Moreover, karstification is strong, which forms the interlinking
structure between the surface and the underground, allowing surface water to easily
leak. The stability of the vegetation system is poor, the soil layer is shallow and broken,
and the soil formation rates are extremely slow. A similar analysis of 133 samples in
Guizhou Province showed that to form 1cm of soil it would take 4 to 8.5 thousand
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years (Su, 2002). The adhesive force between the overlying soil and the underlying
bedrock is extremely low (Su and Zhu, 2000) and is prone to soil erosion and rocky
desertification caused by heavy rainfall. Therefore, even with less human interference,
rocky desertification would still occur in some areas. For example, Xu Xiake, a Chinese
ancient geographer, described that “there are mountains almost without any soil cover
when entering Guizhou Province, especially in Guiyang City” in the chapter “Guizhou
Travel Dairy” from his book “Xiake Xu Travel Notes”in 1638 (Jiang et al., 2014).

Aside from geological and ecological factors, excessive human interference, espe-
cially intensive land use, is the main trigger for large-scale rocky desertification (Xu and
Zhang, 2014; Jiang et al., 2014; Li et al., 2009; Yan and Cai, 2015; Yang et al., 2011;
Ni et al., 2015). The vegetation has been seriously degraded by large-scale human
activities since 1950, with initiatives such as the “Great Leap Forward”, the “Work for
Food Program”, and others (Jiang et al., 2014; Wang et al., 2004b). In addition, karst
areas are overpopulated and socio-economically backward. For example, the popula-
tion growth rate of Guizhou Province was 12.58 %. from 1978 to 2013 (The National
Bureau of Statistics of China, 2015). This tension between people and land caused by
overpopulation and land scarcity is severe (Fig. 2 and Table 2). It has forced peasants
to reclaim wasteland and cultivate on steep slopes, which has become common in the
karst areas of Southwest China (Fig. 2). Yet, steep slopes are precisely the places
most at risk for rocky desertification (Jiang et al., 2009). It is thus fair to conclude that
backward economic development is the main cause of rocky desertification in the re-
gion (Bai et al., 2013), that is to say the excessive human interference due to backward
economic development is the main cause of rocky desertification.

With increasing population and limited non-agricultural employment, labor in this re-
gion continues to be invested in cultivating limited land in order to increase land pro-
duction, which has caused a decrease in labor’s marginal benefit and agricultural in-
volution. With the continuous development of agricultural involution, the phenomena
of over-exploitation, overgrazing, deforestation, and steep slope reclamation become
increasingly serious, resulting in the degradation of the ecological environment, and
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finally triggering rocky desertification. In other words, the area has fallen into a vicious
cycle of poverty and environmental degradation at different scales (Fig. 3).

3 The challenges rocky desertification control confronted

Rocky desertification control is carried out through the participation of the government,
peasants, enterprises, and scientific researchers. It is a continuous process of coor-
dinating various multistakeholders for a common goal. Existing rocky desertification
control practices are mainly driven by the government and the role of peasants is
not significant. The achievement of rocky desertification control was hindered because
various multistakeholders, such as the government, peasants, and enterprises, were
overly concerned with their own interests. Furthermore, policies which aimed to achieve
a common goal, such as the standards of planting density set by the government, were
not effectively implemented because they lacked effective mechanisms to coordinate
multistakeholder interests. The construction of governance models was dominated by
the government administration, research institutions, and enterprises. Although some
good comprehensive benefits were achieved, some governance models were made
without considering the current national economic situation. Economic development
led to the outflow of the rural labor force and some governance models were overly de-
pendent on external input, which could not be a sustainable development solution since
it lacked supporting industries separate from national input (Zhang et al., 2014). More-
over, in the process of formulating rocky desertification governance models, peasants
were mainly involved as builders and participants, but were excluded from any inde-
pendent development of rocky desertification control. Furthermore, some governance
models of rocky desertification control did not consider peasants’ conditions and needs
(Cai and Zhang, 2009), and therefore destroyed any incentive for peasant compliance,
especially for those located out of the control demonstration area that were devoid of
capital, technology, and other support.
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The fundamental purpose of rock desertification control is to maintain the limited soil
and water resources, restore the vegetation and ecological environment, promote eco-
nomic development, and help peasants out of poverty. With the development of China’s
economy, peasants’ standards of living have greatly improved. Where once they as-
pired to merely feed and clothe themselves, they now aspire to earn greater income.
For this reason, economic benefits have become decisive factors for their produc-
tion activities. At present, peasants’ income from rocky desertification control mainly
comes from planting cash crops and from subsidies for converting farmland to for-
est and grassland. However, peasants are likely to give up the management of desertifi-
cation control when they receive insufficient income due to fluctuations in market prices
(which easily affect benefits given from planting cash crops), low subsidies, and short
compensation times. Therefore, the socio-economic factors that cause rocky desertifi-
cation have not been eliminated. Meanwhile, the mechanisms and degree of impact of
rocky desertification control on peasants’ income are unclear due to a lack of quantita-
tive research. Research results of similar ecological restoration projects, such as Slop-
ing Land Conversion Program (SLCP), showed that the SLCP’s direct impact on the
income of participant households was insignificant. Instead, the increase of household
income can be mainly attributed to the significant acceleration of the non-agricultural
labor force (Li et al., 2011; Yin et al., 2014; Lin and Yao, 2014). Likewise, rocky deser-
tification control has reduced the demand for agricultural labour and has promoted the
transfer of agricultural surplus labor to non-agricultural employment (Xiao et al., 2012),
which may have indirectly contributed to an increase in household income.

Control technologies are an extremely important part of rocky desertification control
projects because they directly affect their effectiveness and peasants’ willingness to
participate in rocky desertification control. Although existing rocky desertification con-
trol technologies have achieved better vegetation restoration results (Bai et al., 2013),
the vegetation system has not stabilized and is still prone to degradation (Zhang et al.,
2015). There have been few studies conducted on the selection and breeding of re-
covery plants, collocation of plant species, and ecological adaptation of plants to rocky
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desertification control technologies. Accordingly, control practices have tended to rely
heavily on experience. For instance, restoration vegetation has been mainly composed
of afforestation even though dense grasses significantly reduce soil erosion at lower
costs and are widely available in a variety of natural environments (Peng et al., 2013);
yet, grasses have not been widely promoted. Further research is also needed on the
ecological effects of alien plants as well as the control effects of water use and supply
technologies.

Most restoration projects have focused on vegetation recovery as a means of as-
sessing the effectiveness of restoration (Young, 2000; Ruiz-Jaén and Aide, 2005), ig-
noring the recovery capacity of the ecosystem and its resilience to perturbation. At
present, the assessment of rocky desertification control and restoration has focused
on the economic benefits of governance models and technologies, as well as changes
in soil erosion and the physicochemical properties of the soil (Tang et al., 2013; Xie
et al., 2015), overlooking an assessment of governance efficiency. Moreover, there has
been considerable arbitrariness in establishing evaluation systems and applying eval-
uation methods, which may consequently have led to the great range of evaluation
results in the same area (Zhang et al., 2014). There is also a lack of quantitative data
for evaluating ecosystem restoration after control measures have been implemented,
such as to what extent the ecosystem should be maintained and managed, what kind
of governance policies should be used in follow-up management, and how the health
of the restored ecosystem should be monitored. This has caused the management and
maintenance of rocky desertification control to fall behind.

In short, rocky desertification control is not only a scientific issue, but also a house-
hold livelihood issue (Wang and Li, 2007), which should be addressed with governance
methods and technologies, as well as design of policies and public participation. Such
an approach is imperative for future rocky desertification control initiatives.
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4 Future improvements of rocky desertification control
4.1 To promote the non-agriculturalization of household livelihoods

The rural labor force outflow caused by China’s rapid economic development made
an important contribution to the recovery of the ecological environment (Wang et al.,
2011). For example, in Guangxi Province in Southwest China, the growth rate of rocky
desertification area dramatically decreased during the period of rapid economic devel-
opment (Liu et al., 2008). There is a clear trend of the rural labor force turning away
from agriculture with sustainable industrialization and rapid urbanization (Li, 2008).
Currently, there has been a halt in the expansion of cultivated land, along with large-
scale de-intensification and abandonment of cultivated land (Ge et al., 2012), which has
helped to restore the local ecological environment. The Chinese government has set
developing economic zones in the midlands of Guizhou and Yunnan Province in 2014.
We should therefore seize the opportunity to further promote the non-agricultural mi-
gration of household livelihoods and accelerate the non-agricultural outflow of the rural
labor force, while focusing on improving local non-agricultural employment and relo-
cating people for non-agricultural work. It is also the key to break the vicious cycle of
poverty and environmental degradation at different scales.

4.2 To improve ecological compensation policies and establish coordination
mechanisms of multistakeholders in rocky desertification control

The household livelihood concerns of peasants have changed from maintaining liveli-
hood security to pursuing higher profits. However, with more and more attention being
paid to the effects of rocky desertification control on improving local ecosystem ser-
vices, the private goods function of rocky desertification control is decreasing while its
function as a public goods is increasing. Therefore, the biggest beneficiaries of rocky
desertification control are the users of the products, not just the peasants. But as the
implementers of rocky desertification control, peasants’ prime consideration is their
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own utility maximization which is not equal to the overall utility maximization. There-
fore, the evaluation standards for utility maximization of rocky desertification control
should be made on the basis of all users of the products, not just the peasants. In
order to achieve the goal of utility maximization of rocky desertification control, eco-
logical compensation should be provided for peasant participants and appropriately
increased according to socio-economic development and inflation. In order to achieve
the sustainability of the joint action of various multistakeholders, to clarify the needs of
various participants, and to move away from sole government management, a rational
coordination mechanism must be established to coordinate the interests of various par-
ticipants. In order to coordinate the interests of various multistakeholders and achieve
the economic, social, and ecological benefits of rocky desertification control, we should
attempt to establish a management mechanism based on integrated ecosystem man-
agement methods.

4.3 To improve system and methods for evaluating the effectiveness of rocky
desertification control and strengthen monitoring and dynamic evaluation

A thorough evaluation system is the foundation of implementing ecological compensa-
tion and assessing the efficiency of rocky desertification control. Towards the end of im-
proving the evaluation system, it should be noted that what crucially keeps ecosystems
running sustainably are vegetation structure, biodiversity, and ecosystem processes, all
of which are essential components of the long-term survival of an ecosystem (Dorren
et al., 2004). Furthermore, some recovery indicators based on key ecosystem functions
should be established to achieve the recovery of ecosystem functions, such as the de-
gree of biodiversity, the structure and complexity of trophic levels, and particularly litter
production and turnover. According to the different degrees of rocky desertification and
control objectives in different types of karst geomorphology, we should correspondingly
select appropriate reference ecosystems for evaluation and set up a relatively com-
plete evaluation system. In the construction of the evaluation index system, except for
directly considering economic benefits, we should also consider the different impacts
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of rocky desertification control on ecological security and ecological service functions,
so as to establish reasonable ecological compensation standards and follow-up gov-
ernance policies. It should be noted that economic values are not natural attributes of
the ecosystem but are closely associated with the number of beneficiaries and their
socio-economic background. That also implies that, in general, the balance of ecosys-
tem values in a certain region can only be extrapolated to those in similar regions;
otherwise, adjustments must be made. In addition, ecosystem restoration is a slow and
dynamic process, and there are significant uncertainties for ecosystem development
in the recovery process (Bark et al., 2013). Thus, dynamic monitoring of rocky deser-
tification control is conducive to identifying the problems and taking timely corrective
measures.

4.4 To strengthen research on key recovery technologies of ecological service
function and supporting technologies

The special geological and ecological environment poses a great challenge to the
restoration of degraded ecosystems in karst areas (Gillieson et al., 1996). With regard
to research on ecological service function recovery technologies in degraded ecosys-
tems in karst areas, we should focus on specific experimental verification techniques of
ecological restoration based on different types of geography and climate zones. Since
it is difficult to spontaneously recover the structure and functions of a degraded karst
ecosystem (such as the storage capacity of epikarst, land productivity, and the natural
resilience of vegetation), we should also focus on studying the vital supporting tech-
nologies of rocky desertification control, such as storage technology for surface water
resources, exploitation and utilization technologies for underground water resources,
the selection and breeding of special economic and ecological recovery plants, and
optimal configuration technologies and models of adaptive plant communities. Further-
more, karst ecosystems are fragile and very sensitive to changes in the surrounding
environment. Climate change has severely affected some aspects of karst ecosystems,
such as water resources (Lodiciga et al., 2000), and this is an essential security con-
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impact of global climate change on karst ecosystems and rocky desertification control.

5 Conclusions

Soil and water conservation in karst ecosystems is one of the fundamental goals of
rocky desertification control and is the foundation of local, social, and economic de-
velopment, especially for peasants. In the process of vigorously implementing rocky
desertification control, we must pay close attention to the following two facts: first, the
environmental consequences of the same human activities in the karst area of South-
west China are far greater than in similar climate zones because of its special geo-
logical and ecological environment; second, the resilience of karst ecosystems is far
lower than in similar climate zones, and so it is very difficult for the ecological system
to recover from destruction caused by unreasonable human activities. Thus, in order
to improve rocky desertification control, we should focus more on eliminating the an-
thropic factors causing rocky desertification in institutions, policies and economy, and
on strengthening preventative measures for ecological degradation. In particular, we
must deviate from the existing administrative department framework, which has been
divided according to ecosystem elements (e.g. the Forestry Bureau is responsible for
forests and the Water Resource Bureau is responsible for water loss and soil erosion),
and create policy frameworks that reflect administrative divisions. More importantly, we
should formulate regulations and policies according to ecosystem integrity and geo-
graphical regions in order to improve this ubiquitous phenomenon, since governance
management of rocky desertification control so far has not been that successful.
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author in his field investigation.
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Table 2. The current state of socio-economic development and rocky desertification (RD) in the
main karst provinces in Southwest China in 2012.
District RD Per capita Per capita Economic The pro- The ratio of
area cultivated GDP/RMB  growth portion of dependence
/10*ha  land in rate/ % primary in- upon foreign
rural/ha dustry /% trade/ %
Guizhou 302.4 0.079 19608 13.6 13 7.62
Yunnan 284 0.107 22263 13 16 15.9
Guangxi 192.6 0.091 27952 11.3 16.7 15.76
China 1200.2 0.156 38354 7.7 10.1 50.57
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