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Sandy desertification is both an inherently interesting bioscience and geoscience topic and an important topic from the perspec-
tives of the ecological environment and food security. It has therefore increasingly attracted the attention of the public, in addition
to researchers, government officials, and international organizations. This paper reviews the development of knowledge on sandy
desertification, research progress in understanding the physical and biological processes involved in sandy desertification, and the
significance of wind activity in determining the increases and decreases in sandy desertification. Based on this review of current
research on the mechanisms and processes of sandy desertification, combining geological and biological sciences appears likely to
improve our understanding of this complex system, thereby providing a more holistic understanding of sandy desertification at a

range of temporal and spatial scales.
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The severe drought events in western Africa during the
1960s and 1970s caused equally severe land degradation
and food shortages [1], creating a global awareness of the
desertification problem and attracting the attention of
scholars, governments, and international organizations. The
importance of this problem for the global ecological envi-
ronment and for human life led to a flurry of research, ac-
companied by much debate over the concepts, connotations,
and causes of desertification [2-5]. However, in areas that
have become research hotspots, the debate has often fo-
cused on defending certain views or safeguarding certain
interests [6—10].

The concepts of desertification and sandy desertification
were proposed as early as the 1900s [11], but at that time,
no major distinctions were made among the different con-
notations of these terms [12]. For instance, before 1977,
desertification was usually defined using terms such as de-
sert advance, desert creep, and desert expansion [13,14], or
grassland degradation caused by wind erosion and land
productivity degradation caused by drought [15]. However,
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the 1977 Nairobi meeting of the United Nations Conference
on Desertification (UNCD) defined desertification as: “...
the diminution or destruction of the biological potential of
the land, (which) can lead ultimately to desert-like condi-
tions” [16]. Based on these connotations, the United Nations
Environment Programme (UNEP) stated in 1992 that deser-
tification should be defined as “land degradation in arid,
semi-arid and dry sub-humid areas resulting from various
factors including climatic variations and human activities”
[17,18], and compiled the World Atlas of Desertification
[19,20]; most of this document was adopted as the United
Nations Convention to Combat Desertification in Those
Countries Experiencing Serious Drought and/or Desertifi-
cation, Particularly in Africa.

As the concept of desertification evolved, scholars grad-
ually realized that sandy desertification was only one of
several kinds of desertification, and to distinguish it from
other forms of desertification, sandy desertification was
usually defined as “aeolian desertification” [21]. However,
as was the case for the definition of desertification, the defi-
nition of sandy desertification has also evolved through
several stages. For instance, in the early 1980s, Zhu et al.

csb.scichina.com  www.springer.com/scp



2396 Wang XM  Chin Sci Bull

[22] proposed that sandy desertification resulted from a
combination of human activities and changing natural con-
ditions during human history that have led to the develop-
ment of desert-like conditions in non-desert regions. He
subsequently revised the definition to include the destruc-
tion of an ecological balance as a result of excessive human
activities under conditions characterized by high wind ac-
tivity in regions with sandy surface sediments, accompanied
by signs of strengthening wind activity simultaneous with
the appearance of land degradation [23]. In addition, Yang
et al. [24] defined sandy desertification as a series of cli-
mate and geomorphological processes that occur in areas
with sandy surface sediments in arid, semiarid, and some-
times semihumid areas over a range of time scales, with
wind and other factors acting as the major dynamic factors.
Dong et al. [25] proposed that wind activity was the major
cause of desertification during the environmental change
processes that are occurring in non-desert regions.

Wu [26,27] insisted that the exact definition of sandy
desertification required accounting for processes that de-
stroy the ecological balance in arid, semiarid, and semihu-
mid areas and that result from a combination of human ac-
tivities and changes in various natural factors, with in-
creased wind activity as the major cause; these changes lead
to the development of desert-like landscapes in non-desert
regions or the expansion of existing deserts. Later, he ex-
panded his definition to include the concept that sandy des-
ertification also represented the formation and expansion of
deserts, and noted that the desertification that has occurred
within human history represents only the most recent epi-
sodes of desertification, which has occurred previously on a
geological time scale [28]. Wu’s last definition seems to
most clearly describe the essential points and key connota-
tions of sandy desertification. Most of the abovementioned
definitions agreed that wind activity was the most distinc-
tive cause of sandy desertification. The main landscape
changes that occur during desertification include dune reac-
tivation, coarsening of the surface sediments, desertification
of grassland, and other related processes [29]. Therefore,
from the perspective of the key erosive force, sandy deserti-
fication can be defined as aeolian desertification or wind-
erosion desertification [30].

1 Relationships between wind activity and
sandy desertification

At global and regional scales, wind plays an important role
in geomorphological processes and environmental change.
However, even after the debate over terminology described
in the previous section, there were still no distinct descrip-
tions of the relationship between wind activity and sandy
desertification. In arid, semiarid, and some semihumid areas,
the erosion, transportation, and deposition of surface sedi-
ments by the wind are the key aeolian processes [31-33].
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Therefore, from the perspective of geomorphology, sandy
desertification is a land degradation process in which wind
activity is the key dynamic factor, and sandy desertification
is a predominantly aeolian process. The wind activity cre-
ates both erosion landforms such as deflation basins and
valleys, erosion remnants, and pans, and deposition land-
forms such as the many different dune morphologies.

As aeolian geomorphology forms and evolves, sandy
desertification and its reversal may both occur. On the one
hand, wind-eroded fine particles with abundant nutrients
bound to their surface have potentially large impacts on
plant growth: where they are removed by the wind, growth
suffers, but where they are deposited, growth may improve
[34]. On the other hand, in areas with high sediment availa-
bility such as sandy lands and the margins of deserts with
mobile dunes, there are complex associations between veg-
etation activity and aeolian processes. For instance, during
periods with low wind activity, fine particles may accumu-
late around plants, and the nutrients bound to the surface of
these particles can accelerate plant growth, potentially sta-
bilizing mobile sands and reversing desertification [35—45].
Conversely, during periods with high wind activity, these
fine particles may be eroded and transported away from the
plants, leading to coarsening of the surface soil, and if plant
growth and survival decrease sufficiently, anchored and
semi-anchored dunes may evolve into semi-mobile and mo-
bile dunes, causing an increase in sandy desertification
[46—48]. As a result of these contrasting processes, sandy
lands and the margins of mobile deserts reveal a strong and
fundamental association between sandy desertification and
wind activity: during periods with high wind activity, sandy
desertification increases, and during periods of low wind
activity, it decreases [49-52]. In addition to sandy lands and
the margins of deserts with mobile dunes, steppes and re-
claimed grasslands are also at risk of sandy desertification.
However, due to limitations on sediment availability in
these regions, there are few large-scale examples of aeolian
geomorphology, and distinct geomorphological signals of
sandy desertification are absent. For these regions, however,
there is also a close relationship between sandy desertifica-
tion and wind activity: high wind activity erodes more of
the soil’s fine particles and removes the associated nutrients
from the surface sediments, impoverishing and coarsening
the soil. This can adversely affect vegetation, leading to
sandy desertification.

Recent studies from around the world, including an ex-
tensive survey of the literature by the United States De-
partment of Agriculture (Figure 1), have revealed that areas
with high wind erosion risks in arid, semiarid, and some
semihumid regions are usually also areas at high risk of
desertification. These regions include parts of western Afri-
ca and Australia. Northern Africa, the Mongolian Plateau,
and parts of arid and semiarid central Asia lack a detailed
classification of the wind erosion risk or vulnerability to
desertification due to their extremely arid climate or a lack
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Figure 1 Global wind erosion risk and the corresponding desertification vulnerability. Data source: United States Department of Agriculture, http://soils.

usda.gov/use/worldsoils/mapindex/dsrtrisk.html.

of data. However, aeolian geomorphologies have developed
extensively in these areas, and based on what we do know
of these areas, it seems likely that wind activity and deserti-
fication occurrence are closely related.

For arid, semiarid, and some semihumid regions of China,
the United States Department of Agriculture did not provide
sufficient details about the spatial variation in desertifica-
tion vulnerability and wind erosion risks. However, recent
Chinese research has also shown that regions with high
wind activity are also highly vulnerable to desertification
[29,53]. Since 1940, the temporal trends in wind activity
have been highly consistent with the trends in sandy deser-
tification [54,55] (Figure 2). For instance, strengthening of
wind activity in northern China starting in the 1950s was
associated with a period of increasing sandy desertification;
in particular, from the 1970s to the 1980s, the highest wind
activity during this period was observed, accompanied by
low spring precipitation, leading to the greatest increase in
sandy desertification during this period [56]. In contrast, as
wind activity decreased during the 1980s and the 1990s,
sandy desertification decreased [55-57]. Ecological re-

search has shown that sandy desertification is also caused
by variations in the vegetation cover and in biomass [58];
nonetheless, despite the influence of biological processes on
sandy desertification, physical processes such as wind ac-
tivity seem to have played the most important role in sandy
desertification, as the rest of this paper will demonstrate.

2 Advances in current research on sandy
desertification

Based on the current definition, sandy desertification mainly
occurs at the margins of deserts with mobile dunes, and in
sandy lands, steppes, and reclaimed grasslands that once
had relatively high vegetation productivity. Changes in pre-
cipitation or groundwater levels, combined with high sedi-
ment availability and wind activity, lead to the development
of different dune morphologies, although the development
process is affected by the vegetation cover and biomass
[59-61]. When dunes appear in dune fields, the areas are
typically defined as sandy land, and depending on the
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Figure 2 Relationship between variations in wind activity and desertification trends in arid, semiarid, and some semihumid areas of China (modified from

Wang et al. [52]).

vegetation cover, erosion status, and accumulation status,
can be classified into semi-mobile, semi-anchored, or an-
chored sandy land [31,33,62-64]. At global scales, sandy
lands have developed in arid, semiarid, and semihumid are-
as with high vulnerability to sandy desertification. In addi-
tion, based on the current definition of sandy desertification,
vegetation changes at the margins of deserts with mobile
sands are also likely to increase the risk of sandy desertifi-
cation. Depending on how dune activity changes, sandy
desertification may increase or decrease.

Due to the influence of vegetation cover on wind activity
and the influence of variations in wind intensity, the rela-
tionship between the vegetation cover and wind activity has
been extensively studied [65,66]. There appears to be a
threshold value for vegetation cover that determines wheth-
er sandy desertification will increase or decrease; at vegeta-
tion cover values higher than this threshold, the aeolian
sediments transported by the wind will deposit on dune sur-
faces, dune activities will decrease, and desertification will
reverse, whereas at lower vegetation cover, erosion will
continue and desertification will expand. However, there are
significant differences in the threshold values among dune
fields. For instance, in the Kalahari Desert of South Africa,
this value was 14% [67], versus 40% in the Mu Us Desert
of China [68] and about 30% in the dune fields of Australia
[69]. Although the main target of these studies was to reveal
the dynamic processes that affect individual dunes, these
studies of dune surfaces showed that when the degree of
anchoring of the dunes by vegetation strengthened, sandy
desertification decreased, whereas sandy desertification
increased with decreasing anchoring. In addition, when fine
particles accumulated on dune surfaces as a result of the
presence of vegetation, the moisture and nutrient conditions
improved [70], and a “fertilizer island” effect was observed
[71] during the formation of vegetated dunes, decreasing the
rate of sandy desertification.

In areas of sandy land and at the margins of deserts with
mobile sands, vegetated dunes are the dominant landscape
feature. Thus, the spatial and temporal trends in dune activ-
ity may reveal the desertification events that have occurred

in these regions, and a dune activity index can be used as an
indicator of the occurrence of sandy desertification [55,57].
The concept of a dune activity index was promoted by
Cooke and Warren in the 1970s [72], and due to its ease of
use [73], the index has been gradually improved and applied
in many subsequent aeolian studies. One of the most widely
used indices is the Lancaster dune mobility index [74],
which is calculated as

M = WI(PIPE),

where M is the mobility index (dimensionless), W is the
proportion of the year (%) when wind velocity is greater
than the threshold for sand transport, P is the annual precip-
itation (mm), and PE is the annual potential evaporation
(mm) estimated using Thornwaite’s (1948) method. The
higher the index value, the greater the dune activity.

The recent variations in dune activity of most major dune
fields, including those in South Africa, in Arizona and New
Mexico of the United States, in Australia, in Wales of the
United Kingdom, and in arid, semiarid, and semihumid re-
gions of China have been discussed in detail. For instance,
in the Kalahari Desert of South Africa, a period with higher
than average dune activity occurred in the 1980s and 1990s
[67,75,76]. In the dune fields of Arizona and New Mexico,
a period with higher than normal activity occurred in the
late 1990s [73], whereas at the margins of China’s
Taklimakan Desert, this period was in the 1960s to the
1970s[57] and was from the mid-1970s to the mid-1980s in
the Mu Us Sandy Land [47].

Although some scholars have attributed the observed
sandy desertification to human activities, this opinion has
been challenged by recent research advances for areas such
as the Sahel region of Western Africa, which has sustained
severe sandy desertification in recent decades [77,78]. In
addition, because calculations of Lancaster’s dune activity
index depend strongly upon climate parameters, the varia-
tions in dune activity index strongly reflect natural factors
such as climate change, and are strongly reflected in a re-
gion’s sandy desertification trends. Therefore, by combining
calculations of dune mobility with remote-sensing data on
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trends in sandy desertification during different periods
within a given region, it has been possible to determine the
relative strengths of the effects of human activities and cli-
mate change on sandy desertification.

Variations in dune activity in arid, semiarid, and semi-
humid China and their relationships with sandy desertifica-
tion have been discussed in detail [52]. However, studies in
other global dune fields have focused on South Africa and
Australia. Some researchers have insisted that after sandy
desertification occurs in a region, the soil productivity is
permanently degraded, and that this process is irreversible
on a human time scale [79]. However, most scholars now
believe that climate changes such as increases in precipita-
tion and in human activities such as measures to rehabilitate
the soil and conserve water may allow vegetation to recover
[80]. This agrees with the conclusions of Chinese scholars
that sandy desertification can be reversed. Studies based on
remote-sensing methods have shown periods of relatively
high vegetation cover since ca. 1950: in the dune fields of
Burkina Faso, which is located in the southwestern Sahara
Desert, this period occurred in the late 1990s [81]; it oc-
curred from the 1950s to the mid-1960s in northeastern
Australia [82] and from the mid-1980s to the early 1990s in
the southwestern United States [83]. In each of these regions,
the periods with higher vegetation cover were associated
with lower dune activity. These studies show that natural
factors (and especially climate change) played a major role
in the trend in sandy desertification, and that using a dune
activity index can reliably indicate the balance between
sandy desertification and vegetation recovery.

After extensive validation of the reliability of a dune ac-
tivity index, including in studies of the effects of global
warming on desertification, Thomas et al. [84] employed a
modified version of the Lancaster index to predict dune
activity trends in South Africa in the 21st century. Their
analyses suggested that sandy desertification trends were
controlled primarily by climate change in this region. Their
simulations predicted significantly increased dune activity
in the southern dune fields by 2039 and in the eastern and
northern dune fields by 2069. By 2099, all dune fields will
become highly dynamic in this region. The results suggest
pessimism about efforts to control sandy desertification in
South Africa during the 21st century. Similarly negative
predictions have been made for sandy desertification trends
in the 21st century in arid, semiarid, and some semihumid
areas of China. Wang et al. [85] predicted that from 2010 to
2039, most of these regions will not exhibit significant
changes in their sandy desertification status, but that from
2040 to 2099, the environments of the western and eastern
regions will deteriorate due to the significant effects of
global warming, leading to decreased livestock and grain
yields, possibly threatening China’s food security.

After the studies of Thomas et al. [84] and Wang et al.
[85], studies of sandy desertification, vegetation recovery,
and dune activity at various spatial and temporal scales have
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been carried out around the world in different dune fields
[64,86-93]. Because of severe wind erosion, other areas
with high risks of sandy desertification include steppes and
areas of reclaimed grasslands [94]. For instance, in the
steppes of the Mongolian Plateau, the arid and cold climate
is a major factor that controls sandy desertification [95], but
no distinct aeolian geomorphologies have developed that
provide signs of expanding sandy desertification. However,
the wind activity in these regions is sufficiently intense that
it not only erodes fine particles, causing a loss of the associ-
ated nutrients, but also increases evaporation [96] and de-
creases the availability of moisture to support plant growth.
Thus, it has indirectly increased sandy desertification in the
region. In areas of reclaimed grasslands, the variations in
wind activity were also a key factor that controlled sandy
desertification, because the vegetation cover during the
windy season is very low [57], and provides little protection
for the erodible fine particles against the wind; as a result,
these particles are eroded and the surface soils are impover-
ished. At present, especially in arid and semiarid China,
most studies have mainly focused on spatial variations in
the intensity of wind erosion [97,98], and there have been
few studies of its association with sandy desertification.

3 Some unresolved issues related to sandy
desertification

From the perspective of the primary erosive force, sandy
desertification has been defined as a predominantly aeolian
process. There has been little research on sandy desertifica-
tion of humid and sub-arctic regions, and most studies of
sandy desertification have focused on the margins of deserts
with mobile sands, sandy lands, steppes, grassland reclama-
tion areas, and dryland farming areas [99-104]. Other re-
gions with relatively low vegetation cover, such as mobile
and gobi deserts, have generally been excluded from the
category of sandy desertification. However, some of these
regions, including gobi deserts, also undergo sandy deserti-
fication; except for a few regions such as the central
Taklimakan and Badain Jaran deserts, where there is no
vegetation cover on the dune surfaces, some vegetation
cover remains on dune surfaces, although it is usually less
than 15% [22]. The areas with fully mobile dunes account
for only a small proportion of these deserts. Therefore, de-
spite the low vegetation cover, the physiological character-
istics of the xeromorphic vegetation result in relatively high
belowground biomass [105].

In addition, the inter-dune areas that develop in deserts
with mobile dunes are also major aeolian geomorphic units,
and their areas typically equal those of the areas with mo-
bile dunes, and the inter-dune surfaces also have some veg-
etation. Most of the gobi deserts that cover extensive areas
of central Asia also have at least some vegetation. In re-
gions of mobile deserts and in gobi deserts, some human
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activities affect the landscape and some wild animals exist
(Figure 3). Therefore, under the impact of climate change or
human activities, sandy desertification may occur in these
regions. Unfortunately, the sandy desertification processes
in these areas remain poorly understood. Definitive studies
of the responses of vegetation activity to near-surface air-
flows, the evolution processes caused by wind activity, and
their relationships with sandy desertification and vegetation
rehabilitation do not yet exist for regions with high wind
activity. Nonetheless, the definition of sandy desertification
should be expanded to include gobis, mobile deserts and
other areas that undergo this form of desertification.

In addition, studies of sandy desertification have not been
integrated with other desertification issues or processes that
occur simultaneously. For example, the salinization that
occurs in arid, semiarid, and some semihumid areas is a
serious environmental issue, and always accompanies sandy
desertification [106]. In regions such as the edges of the
Tarim Basin, the Hexi Corridor, and the Ala Shan Plateau,
serious salinization occurs [107,108] along with a high risk
of sandy desertification. Salts are transported by running
water produced by the rare rainfalls, by underground perco-
lation, and by the wind [109]. After salts are transported to
the ground surface by water, evaporation leads to concen-
tration or even precipitation of salts, and the resulting sali-
nization processes will be followed by sandy desertification
processes. On the one hand, the salinization may be a key
issue responsible for ecological deterioration; on the other
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hand, the significance of sandy desertification cannot be
ignored. However, there have been few studies of the rela-
tionships between salinization and sandy desertification.
Water erosion is another neglected desertification issue.
In most arid and semiarid zones, water does not seem to be
an important factor at first glance because so little rainfall
occurs. However, when rainfall does occur, it tends to be
concentrated within a short period, increasing its erosive
force. Water erosion usually interacts with wind erosion to
complicate the process of sandy desertification. On the one
hand, water flows create loose particles that are vulnerable
to regional wind activity; on the other hand, these eroded
materials can also be transported by water erosion. Water
and wind erosion may occur alternately, or at different loca-
tions at a given time, and in some areas, erosive landscapes
develop as a result of both wind and water erosion, and typ-
ical desertification geomorphologies develop [110]. How-
ever, until recently, there have been no rigorous studies of
the relationship between wind erosion and water erosion.
The extensive sedimentary records preserved in the alterna-
tion of geologic strata [111] contain signals of wind and
water processes responsible for the genesis of the strata, and
have provided insights into the wind-water erosion system
[112]. As a result, such studies have become a hotspot for
researchers. In China, researchers have investigated the
concept of a “water-wind erosion system” since the mid-
1980s [113], and there have been some advances such as
delineation of the size of the areas that have undergone

Figure 3 Gobi surfaces with a low vegetation cover are also regions where sandy desertification occurs.
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wind-water erosion, the spatial and temporal trends in these
processes, and their characteristics [114]. However, the rel-
ative roles of wind and water erosion in modern sandy des-
ertification and their respective mechanisms remain poorly
understood.

The final central issue that needs to be resolved relates to
the roles of biological processes and physical processes in
sandy and aeolian desertification. As far as the biological
processes are concerned, there have been many studies to
expose the underlying mechanisms, but due to my limited
knowledge I cannot provide more comments about this field
of research. Although the physical processes involved in
sandy desertification have been studied in far more detail,
the consensus based on current research is surprisingly sim-
plistic: we known that high wind activity increases sandy
desertification, that desertification decreases during periods
of low wind activity, and that vegetation plays some role in
moderating the effects of wind. As the summary of the ef-
fects of vegetation cover in the previous section showed,
both the biological and the physical processes involved in
sandy desertification are important, and as in the case of
wind—water erosion, their joint effects must be studied. In
particular, the relationships among vegetation cover, bio-
mass, and ecological succession to produce different species
assemblies must be clarified for regions that are undergoing
sandy desertification. Wind activity plays a role in sandy
desertification by means of erosion, transportation, and ac-
cumulation of aeolian sediments, but these processes are
superimposed on the processes that affect moisture condi-
tions, nutrient conditions, plant growth, and ecological suc-
cession. There are likely to be important feedbacks between
these biological and physical processes that strongly affect
sandy desertification processes. Therefore, future research
should involve a multidisciplinary approach in which col-
leagues from different fields of research work together to
provide a more comprehensive and integrated understanding
of sandy desertification [115]. This more holistic under-
standing of desertification processes will provide a stronger
foundation for future efforts to combat desertification.

4 Concluding remarks

A large body of research during the past century has pro-
vided a large and growing body of knowledge that provides
an increasingly firm basis for combating desertification.
Currently, the success of this research, combined with an
environment favorable for scientific research, high attention
by the public, and large inputs of funding by governments
and international organizations, have provided a good op-
portunity for studies of sandy desertification. However, pre-
vious research has generally focused on single factors in
isolation (e.g. human activities, physical processes, and bi-
ological processes). Because all of these factors interact,
with important feedback processes, future research must
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attempt to integrate these factors to provide a more holistic
view of the ensemble of processes leading to sandy deserti-
fication and its reversal. In addition, the regions where
sandy desertification occurs must be expanded from the
current focus on sandy lands, the margins of the mobile
deserts, steppes, and reclaimed grasslands to include other
land types such as deserts with mobile sands and gobi de-
serts.

The factors that control sandy desertification include
more than just combinations of dynamic processes and their
interactions with different types of surface materials. At
different temporal and spatial scales, there are complicated
relationships among these factors. However, at present,
scholars have only studied sandy desertification in their
respective fields, and there have been few crossover studies
among different research fields. The use of high-precision
instruments and new technologies, combined with collabo-
rative research between the geological and biological sci-
ences, will make it possible to analyze the full range of fac-
tors that affect sandy desertification. Future studies of sandy
desertification are therefore likely to involve large, interdis-
ciplinary research projects. This collaboration among col-
leagues from multiple disciplines will lead to remarkable
progress in our understanding of sandy desertification.
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