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The longest artificial highway shelterbelt flowing across the Taklamakan desert was
conducted in 2005. To ensure the sustainable development of the highway and
shelterbelts, scholars have carried out a large number of studies on the shelterbelt
since 1991. This review is based on a 30-year monitoring program from 1991 to
2021. We find that, with the increase of shelterbelt age, some ecological and
economic benefits gradually appear, such as saving transportation cost, promoting
economic development in Southern Xinjiang, improving the sandy soil and
microenvironment, and increasing the biodiversity. In the meanwhile, some adverse
phenomena also exist, such as high maintenance costs, decrease in water tables
because of irrigation, threats of the protected species, pollution from pumping oil
wells, and the potential damage from highway burying as sand dunes move forward.
In view of these problems, some suggestions are as follows. First, the science-policy
sections of both the UNFCCC and the UNCCD should pay special attention to providing
research-based guidance for the international cooperation and coordination. Second,
China government should provide the necessary funding to establish the 27th China desert
observation and research station to ensure long-term monitoring and slow down the pace
of construction on the desert highway to allow time to develop strategies that minimize the
impact on wild animals. Third, it is necessary to apply solar photovoltaic power in well
irrigation and sand industry development. Fourth, the sand-blocking belt of 10 mwidth and
10m away from the outside of the upwind shelterbelt can be laid every five years in view of
sand-buried roads. In short, the inter-agency collaboration and coordination are both
essential to ensuring the success of sustainable development and management of the
Taklamakan Desert man-made ecosystem.
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INTRODUCTION

The rapid development of oil and gas resources in the Taklamakan Desert of Southern Xinjiang,
China, throughout the 1980s prompted the construction of the first and longest (522 km) highway
across the shifting sand desert in 1995. The intended purpose of the highway was to provide efficient
transportation of resources and materials to oilfield bases and local communities. The Taklamakan
Desert Highway is also a strategic communication line for oil and gas resource exploration and plays
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a vital role in the socioeconomic development and stability of
Southern Xinjiang. At the beginning of its operation, the desert
highway was frequently buried by wind hazards and sand
movement. In order to ensure the safe operation of the desert
highway, the Taklamakan Desert man-made ecosystem was
created. The man-made ecosystem includes the Taklamakan
Desert Highway Shelterbelt as well as the Taklamakan Desert
Botanic Garden (TDBG) (38.97°N, 83.66°E), which were both
established in 2005 within the hinterland of the Taklamakan
Desert (Figure 1).

Scientists have carried out a series of studies on the function of
windbreaks provided by the Taklamakan Desert Highway Shelterbelt
and the effects it may have on sand fixation (Xu andHu, 1998;Wang
et al., 1999; Dong et al., 2006), microclimate benefits (Wang et al.,
2003), changes in sandy soil properties (Zhou and Xu, 2004; Zhou
et al., 2006; Jin et al., 2008; Zhang et al., 2008; Li et al., 2015; Wang
et al., 2018), plant growth changes (Yan et al., 2007; Li et al., 2008; Li
et al., 2017), and biodiversity (Zhang et al., 2011; Xu et al., 2013).
Despite its benefits, there have been few sustained studies on the
Taklamakan Desert man-made ecosystem. In this review, we explore
the effects of the man-made shelterbelts after 15 years of protecting
the world’s longest desert highway built on a shifting sand desert. Our
evaluation and review are both based on a 30-year monitoring and
ground observation from 1991 to 2021. Here, we briefly explore the
background of the Taklamakan Desert man-made ecosystem and
highlight the key findings from our evaluation and review.

Background of the Taklamakan Desert
Man-Made Ecosystem
The Taklamakan Desert, the largest mobile sand desert in China, is
called the “Sea of Death” due to the lack of living organisms in the
extreme environment, which is characterized by rare rainfall and

strong evapotranspiration (Lei et al., 2008; Li et al., 2015). When the
discovery of oil and gas in the Taklamakan Desert was made in the
1980s, it was a challenge to transport goods and materials within the
desert. Initially, desert trucks were used; however, the high transport
costs and timely travel times were not ideal. In fact, it tookmore than
half a month to exit the desert (Figure 2) (Luo et al., 2008). Due to
the need for more efficient transportation, the desert highway was
constructed by PetroChina Tarim Oilfield Company via
governmental support from 1991 to 1995 (Luo et al., 2008).

At the beginning of the highway’s existence, more than 70% of
the vertical sand barrier and straw checkerboards did not function
efficiently (Lei and Wang, 2003; Dong et al., 2004; Li et al., 2017)
(Figure 3A) (Lei et al., 2008; Li et al., 2015), and then a 436-km
Taklamakan Desert Highway Shelterbelt (TDHS) (Figure 3) (Yang
et al., 2003) and the Taklamakan Desert Botanic Garden (TDBG)

FIGURE 1 | Map of the Taklamakan Desert Highway and the Taklamakan Desert man-made ecosystem. The black line represents the desert highway, which
crosses the Taklamakan Desert from Luntai County to Minfeng County. The green lines from Xiaotang to Minfeng on both sides of the highway represent the man-made
shelterbelt. The red solid point represents the Taklamakan Desert Botanic Garden\.

FIGURE 2 | Desert truck carrying goods and supplies before 1995
through the shifting sand dunes.
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were constructed in 2005 to protect the desert highway and oilfield
facilities fromwind-sand disasters (Figure 3). Today, the shelterbelts
are called the “Great Green Belts” throughout the Taklamakan
Desert of China (Zhou et al., 2006; Li et al., 2015).

Because of no effective precipitation and available freshwater
resources and the low quality, saline groundwater, which typically
contains solutes of 2.58–29.7 gL−1, respectively, can be used as the solo
water resource for shelterbelt growth (Figure 4) (Li et al., 2012; Li
et al., 2015). A total of 108 underground water wells are used for
dripping irrigation for the shelterbelt plantation along the highway; 11
are pumped using solar energy, 11 are pumped using electricity, and
86 are pumped using diesel power (Yang et al., 2003; Luo et al., 2008).

FINDINGS AND PROBLEMS

Saline Groundwater Table Dropped Slightly
but There Is No Harm to the Plants
The mineralization of groundwater greatly affects soil salinity,
especially for the topsoil or salt crust (Zhang et al., 2008; Li et al.,
2012; Dou et al., 2015; Huang et al., 2015). We found electrical

FIGURE 3 | Comparison of the protecting effects of the shelterbelt for the Taklamakan Desert Highway and Taklamakan Desert Botanic Garden, the vertical sand
barrier, and straw checkerboards in 1994 (A); the shelterbelt has been built in 2008 (B), before the Taklamakan Desert Botanic Garden has been established in 1995 (C)
and after in 2006 (D).

FIGURE 4 | Spatial distributions of groundwater mineralization and
electrical conductivity in the salt crust along the desert highway, reproduced
from Li et al. (2012).

FIGURE 5 | The groundwater dynamics along the highway (Fan et al.,
2017), reproduced with data kindly provided by Dr. Fan Jinglong, Chinese
Academy of Sciences.
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conductivity in soil crust changing with the mineralization of
ground water (Figure 4). Salt was not only accumulated at the
topsoil, but also leached to the underlying soils (130–280 cm) and
ground water (410 cm) (Li et al., 2012.). While at the root zone
(15–130 cm), soil salinity was no more than 0.5 dS m−1. This
result indicated that saline irrigation not only leads to formation
of soil salt crusts, but also leads to soil salts leaching to the ground
water. Since the earliest shelterbelt planted in 1995, no salt
toxicity to plants has been found (Li et al., 2015).

However, for groundwater level, there is a decreasing trend of
no more than 0.1 m, which has been found from 2003 to 2009
(Figure 5). (Fan et al., 2008; Fan et al., 2017; Wei et al., 2017; Fan
et al., 2020). Another study documented that the main
influencing factors of groundwater level along the desert
highway are natural factors, while human factors of water
pumping do not form large changes (Zhou et al., 2016) which
is mainly because there is no difference of water loss between soil
evaporation and plant transpiration in desert areas (Liu et al.,
2018). And a recent finding shows that a moderate irrigation
interval of 4 weeks is suitable for plant growth and survival, which
may also save water while meeting the water demands of the
plants (Li et al., 2017). While, without long-term and continuous
monitoring, there is uncertainty about changes in the water table
and water quality in future.

Aeolian Sand Soil Quality Has Been
Improved
Litter accumulation of man-made ecosystems (6–10 t hm−2 per
year) and their decomposition (Zhang et al., 2017), as well as their
complex interaction between plants and soil, not only accelerated
the biogeochemical cycle of the desert (Zhang et al., 2012; Dong
et al., 2020), but also significantly accelerated the aeolian sandy
soil transformation (Li et al., 2015; Jin et al., 2017; Jin et al., 2018).
The acceleration of these processes has resulted in an increase of
SOC (Figure 6) and nutrient accumulation with the forest ages,

the SOC content increased from 0.64 g kg−1–3.94 g kg−1 23 years
later. Soil microbial biomass and diversity also increased
significantly with the forest ages (Zhou and Xu. 2004; Jin
et al., 2009; Jin et al., 2013, 2014). Additionally, the texture of
the soil has also been improving (Figure 7) (Jia et al., 2015; Shen
et al., 2015; Wang et al., 2018), there has been a significant
increase of total soil aggregate stability (Wang et al., 2018). After
7 years of irrigation, coupled with nutrient elements from litter
accumulation, the transformed soil under the shelterbelt has
progressively been formed, as indicated by the increase of total
soil particles and stability (Li et al., 2015). When compared with
ordinary shifting sand soil, it is evident that the initial soil
transformation under the shelterbelt has taken place (Figure 8).

Improving Microclimate
The Taklamakan Desert man-made ecosystem has greatly
ensured the function of windbreak and sand-fixation efforts
and improved local microclimate conditions. These not only
improve the working conditions, but also enhance the
livelihood of those local residents, especially in the oilfields
within the hinterland of the Taklamakan Desert (Xu et al.,
2006a; Luo et al., 2008). Since the highway shelterbelts
effectively reduce air temperature and increase the air
humidity (Wang et al., 2003; Wang et al., 2008; Yu et al.,
2017), and the temperature has dropped an average of 0.66°C
throughout the day and the humidity in sheltered areas increased
an average of 4.2% when compared with the non-sheltered
shifting sand surface, the surrounding environment of the
shelterbelt has improved significantly, (Wang et al., 2008).

The Double-Edged Sword of Biodiversity
Studies on the survival (Figure 9) and growth (Figure 10) of
introduced plants along desert highways have found that the
growth of three well-surviving plants presented a difference in
plant height in different forest ages (Figure 10) (Zhang et al.,
2017; Zhang et al., 2017), the height for Tamarix ramosissima
grew from 55 cm to 2.615 m in the ninth year, and the plant
height for Haloxylon ammodendron and Calligonum aborescens
also grew more than 1.2 and 1.7 m, respectively for seven years.
While in some parts of TDHS, Haloxylon ammodendron grew
well but Calligonum mongolicunl has been dead due to irregular

FIGURE 6 | SOC content at different forest ages (Zhou and Xu. 2004;
Zhou et al., 2006; Li et al., 2015; Zhang et al., 2017).

FIGURE 7 | Changes of D of PSD in shelterbelt soil of different forest
ages (Wang et al., 2018).
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or insufficient irrigation (Figure 9). Such phenomena
documented that the different adaptability or adaptive
strategies of the two species appeared in this area (Li et al., 2017).

Until 2009, a total of 13 species of herbaceous plants were
found along the shelterbelt, among them, 10 were perennial herb
species, and 3 were annual herb species. Phragmites australis and
Phragmites staghorn were the dominant species in the shelterbelt

sand break (Zhang et al., 2011), and continue to be the dominant
plant coverage of the sand break to this date, as they have grown
significantly in numbers since the shelterbelt was first established
(Hu and Pan, 1996). Compared with the results of 1992 and 1994
(He et al., 2012), 5 more species of herbs appeared and two species
of Cynanchum kashgaricum and Heliotrop were lost (Table 1). In
the shifting sandy area surrounding the shelterbelt, only 10% of

FIGURE 8 | Stratification of soil of shifting sands before the shelterbelt has been built in 1990 (A) and that under the shelterbelt (B) in 2021.

FIGURE 9 | Growth status of Haloxylon ammodendron and Calligonum
mongolicunl in parts of the Taklamakan Desert Highway shelterbelt (Li et al.,
2017).

FIGURE 10 | Plant growth dynamics along the highway, reproduced
from Zhang et al. (2016) and Zhang et al. (2017).
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the sections are distributed with natural vegetation, while in the
shelterbelt herbaceous plants account for 44% sections of the
shelterbelt (He et al., 2012).

Additionally, the sand break shelters have attracted
significantly more animals near the highway due to the man-
made ecosystems. In the surrounding area, mammals including
Lepus sinensis, Gerbillinae, and Vulpes corsac, as well as endemic
birds such as Podoces biddulphi, Calandrella rufescens, and Passer
ammodendri, can be foundmore frequently due to the man-made
ecosystems (Luo et al., 2008; Xu et al., 2013).

While the highway construction generates noise, brings tourist
waste, and forces the camels and other animals to migrate to
resource-limited areas. As Yang et al. (2019) reported that over
the past several years, because of the habitat fragmentation,
excessive hunting, climate change, resource competition,
genetic stochasticity, and crossbreeding, China’s wild camel
population reduced to fewer than 600. China’s rush to build
highways in the Xinjiang region puts its remaining wild camel
population in grave danger (Yang et al., 2019).

Controlling the Sandstorm and Stabilizing
Shifting Sands
The vertical plant shelterbelt sand break can significantly
hinder the aeolian sand flow and reduce sand movement.
The sand-fixing belt stabilizes the sand surface and controls
sand encroachment, while the sand-blocking belt prevents the
rapid movement of shifting sands into the shelterbelts (Wang,
2010). The influencing distance of the sand-fixing belt on the
upwind is about 40 m, and that of the downwind is more than
80 m (Wang, 2010). The wind velocity attenuation rate among
shelterbelts decreased down to 45% of that of shifting sand on
average (Wang et al., 2008; Yu et al., 2017). Compared with
80 m outside the shelterbelt, the sand movement rate
decreased by 93, 99, and 98%, respectively, at the three
protection configurations (Wang, 2010). The shelterbelt on
both sides of the desert highway can effectively block the sand

flow and greatly reduce the impacts of sand flow to the highway
(Li et al., 2017). In addition, the soil salt crust greatly enhances
the stability of the sand surface and improves its ability to resist
wind erosion as a result of the saline water irrigation in the area
(Li et al., 2006; Zhang et al., 2009; Wang et al., 2018).

Sand Dune Migration
Although shelterbelts can prevent and control sand dust along the
highway, there is still a phenomenon of sediment deposit moving
forward highway despite the presence of the shelterbelt. Based on
Wang‘s research in 2010, a prediction model is used to predict the
trend of sand accumulation in the protection system through
investigation and research, where S represents the amount of sand
accumulation, X represents the height of the existing dune, A
represents the length of the lee slope of the existing dune, L
represents the distance of the existing sand burying, X1 represents
the part of the increased protection system, and L1 and L2

TABLE 1 | The herb species along the Taklamakan Desert Highway at different years.

Herb Species 1992 and 1994
(He et al., 2012)

2009 (Zhang et al.,
2009)

Hexinia polydichotoma (Ostenf.) H. L. Yang Y Y
Karelinia caspia (Pall.) Less Y Y
Inula salsoloides (Turcz.) Ostenf Y Y
Halogeton glomeratus (Bieb.) C. A. Mey − Y
Halogeton arachnoideus Moq Y Y
Salsola ruthenica Iljin Y Y
Cynanchum sibiricum Willd − Y
Cynanchum amplexicaule (Sieb. et Zucc.) Hemsl Y Y
Phragmites australis Trin Y Y
Apocynum venetum Linn Y Y
Limonium aureum (Linn.) Hill − Y
Cistanche tubulosa (Schenk.) Wight − Y
Aristida adscensionis Linn − Y
Cynanchum kashgaricum Y -
Heliotrop ium micranthum Y -

Y represents appearance, - represents no appearance.

FIGURE 11 | Schematic diagram of sand dune migration velocity
prediction model under the shelterbelt system, reproduced with data kindly
provided by Dr. Wang Haifeng, Chinese Academy of Sciences.
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represent the advance distance of the sand burying before the
sand burying (Wang 2010).

Under the condition of constant protection height
(Figure 11A) from the prediction model, the advancing
velocity of the dune is 2.22 m a−1, which is similar to the
advancing velocity of 2.35 m a−1 and those were the
observations from the sand ridge line in 2008–2009 (Wang 2010).

L1 � X1

tg31+
.

Under the condition of shelterbelt height increased
(Figure 11B), it is predicted that the velocity of the dune is
2.16 m a−1, which is slightly larger than the 1.98 m of the observed
sand ridge move advanced from 2008 to 2009 (Wang 2010). In
this case, the sand dune ridge line migrates about 2 m each year,
whether the shelterbelt height is increased or not, and the sand
dune burying the highway will occur many years later if no
measures are taken to clean up the sand in some parts (Wang
2010).

S> (A + 2A1)h
2

,

L1 � S × Sin31+

X
,

L2 � S1 × Sin31+

X +X1
.

ECONOMIC INPUTS AND OUTPUTS

Irrigation Maintenance Cost
The diesel-powered water pumps used for wells along the
highway utilize a great deal of diesel, which cost upward of
100,000 RMB Yuan per well per year, and pollute the air in
the surrounding environment. Each year along the desert
highway, 1,200 t of diesel fuel is burned and 5,000 t CO2 is
emitted into the atmosphere (He et al., 2012). The annual cost
of solar photovoltaic power generation is about 95,000 RMB
Yuan, which is only slightly lower than that of diesel power.While
this is currently true, with the continuous development and
improvement of solar energy products, the cost in solar
photovoltaic power generation will become cheaper (He et al.,
2012). The total cost of maintaining the entire artificial ecosystem
is 20 million RMB Yuan per year.

Raising Income in Southern Xinjiang
In the 1990s, the total industrial and agricultural output value of
Minfeng County located on the southern edge of the Taklamakan
Desert, was only 40 million RMB Yuan, while the local farmers’
annual income was as low as 750 RMB Yuan per year. Since the
operation of the desert highway, Minfeng has opened as the “East
Gate” of Hotan Prefecture and has connected the social markets
inside and outside Xinjiang. Meanwhile, the desert highway has
brought the Minfeng people closer to developed areas where they
can participate in the market economy. The highway has been so
monumental that in the year 2000, the per capita income of the

county was 4,000 RMB Yuan (Luo et al., 2008). Then, in 2018, the
GDP of Minfeng was recorded to be 1.169 billion RMB Yuan with
a per capita annual income of 30,400 RMB Yuan. It is evident that
the desert highway and the sand break have played an essential
role in the reduction of poverty and the improvement of local
residents’ livelihoods, and have promoted economic development
in Southern Xinjiang (Barbier. 2010).

Carbon Fixation and Oxygen Release
Benefits
The total value of carbon sequestration and oxygen release was
225.553 million RMB Yuan and 503.2 million RMB Yuan,
respectively, while the total value of carbon sequestration and
oxygen release was 728.753 million RMB Yuan. The carbon
sequestration value was 9,013 RMB Yuan hm2− a−1, and the
oxygen release value was 2,009 RMB Yuan hm2− a−1. The total
carbon sequestration and nutrient release value was 29,122 RMB
Yuan hm2− a−1; and after 15 years, the total carbon sequestration
and nutrient release value of the sand break is 1.75 billion RMB
Yuan (Gao et al., 2015).

Reduction of Transportation Costs
Before the construction of the desert highway, it was very
expensive to hire a desert 4W Jeep. At the time, it cost more
than 40 RMB Yuan km−1 to rent a desert truck that could carry
10 t of heavy freight. Since the construction of the highway,
however, the rent cost of a heavy freight truck is only 4-5
RMB Yuan km−1, and it requires only 6–7 h to drive from one
station to another rather than 6–7 days. Evidently, the highway
has significantly lowered transportation costs (Zong, 1995; Gong
et al., 2001). Until 1997, most of the mechanical sand control
barriers had been damaged by strong wind and sand
encroachment. Before the establishment of the sand break, 3
million RMB Yuan was spent each year on average to replant the
straw checkerboards and rent bulldozers to clear the highway (Lei
and wang, 2003; Lu et al., 2020).

Income From Sand Land-Related
Development
In the hinterland of the Taklamakan Desert, a 240-ha ofCistanche
deserticola plantation industrialization base has been built. The
dehydrated produce of the medicinal herb is about
4,000–6,600 kg ha−1, and the income is 50,000–80,000 RMB
Yuan ha−1 per year (Fan et al., 2020). If the entire sand break
system is planted with C. deserticola, the annual income will be as
high as 72 to 120 million RMB Yuan, and it was more than the
cost for management and protection of the sand break, which was
approximately 20 million RMB Yuan per year. However, up to
now, no area of Cistanche has been increased because of serious
theft by the farmers nearby.

Ecological–Economical Win–Win Goals
Ecology is the basis of human existence and the main resources
of economic development. Ecosystem degradation is a major
cause of poverty, and poverty further aggravates ecosystem
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degradation through a feedback known as the “poverty trap”
that can prevent sustainable socioeconomic development in
ecologically fragile areas (Cao et al., 2017). Therefore, the
economic development should be based on the premise of
ecological protection and pay great attention to the effect of
ecological protection on economic development (Feng et al.,
2019). From the perspective of the relationship between
ecological and economic development, they are equal and
unified and can influence each other. Ecology provides basic
environment and resources for economic development, and
conversely, economic development can also serve ecological
protection (Cao et al., 2021). Rational utilization of ecological
environment resources is conducive to sustainable economic
growth. We need to strike a balance between ecological
protection and economic development, exert to find a way
of harmonious coexistence, and improve ecological and
economic benefits. We should pay attention to the role of
ecological protection in economic development and find the
method of ecological sustainable development in economic
development (Barbier 2010). Therefore, to achieve ecological-
economic win-win goals, a conceptual model of ecological-
economic benefits of the shelterbelt in the Taklamakan Desert
is shown in Figure 12. First, the water cycle has been depicted
to display that there has been no change in either groundwater
level or quality with the introduction of saline irrigation.
Second, the carbon cycle indicates that not only the
shelterbelt exerts great effort on carbon fixation and oxygen
emission(Gao et al., 2015), but also accelerates sandy soil
transformation because of plant litter decomposition,
microbial activity, and root system development(Li et al.,
2015; Zhang et al., 2017). Third, the ecological-economic
benefits reveal that the shelterbelt plays a great role to
ensuring the safe operation of the highway, improving the
microclimate, enrich species diversity, and increase economic
benefits (Cao et al., 2017). It is suggested that the man-made
shelterbelt paired with saline irrigation is of great significance
to ecological restoration in extremely arid environments. The

success of the plantation, which is equipped with native desert
plants and cash crops in the shifting sand desert land areas,
effectively decreased the damage caused by strong winds and
shifting sands (Wang et al., 2020). The man-made ecosystem
has also been found to effectively protect local natural
resources (Zhang et al., 2011), such as desert herbal
medicine, and set up new means of transportation to
increase the income of farmers living in the desert (Fan
et al., 2020). However, some adverse phenomena occur in
the meanwhile, such as the tradeoffs between economic
activity and ecological integrity. In other words, since the
excessive pursuit of economy will certainly have a certain
impact on ecology (Cao et al., 2021), it is necessary to carry
out long-term monitoring on water–soil–air–biology along the
desert highway shelterbelt to ensure its sustainable
development and keep the balance between economy and
ecology.

DISCUSSION AND RECOMMENDATIONS

China is one of the most serious countries undergoing the
desertification, and the artificial ecosystem model in this study
is significant for transportation, economic development, and
ecological construction in desert region. China’s successful
experience in combating desertification has attracted world
attention and some countries began to follow suit, which
demonstrated that such model can also be used in Central
Asia and African countries (Xing et al., 2018; Zhou et al., 2018).

Although the Chinese government has made remarkable
contributions to desertification control over the past 40 years
(Bryan et al., 2018), a total of 26 Chinese desert observation and
research stations have been set up. However, it is necessary to
form a long-term observation and research network system that
integrates observation, scientific research, and demonstration,
while meeting the various needs of ecological construction and
regional economic construction in desert areas (Lu et al., 2020).

FIGURE 12 | Conceptual diagram of sustainable development of the man-made ecosystem in the Taklamakan Desert.
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The desert highway shelterbelt system is well-recognized amongst
both local and central governments, as it successfully provides
ecological services and social benefits.

Nevertheless, continuous and systematic monitoring is still
rare, such as water table dropping, sand dunes moving
forward, and sand-buried roads, causing pollution and
carbon dioxide emissions from diesel-powered wells, high
maintenance costs, and reduction in species diversity, and
the decline in the population of wild camels (Yang et al.,
2019). This means that the sustainable development of the
desert highway shelterbelts cannot be predicted and their
ecological service cannot be evaluated either. In particular,
the global carbon neutrality in the desert ecosystem cannot be
assessed. Though the technical model is being extended to
other countries undergoing desertification and economic
slowdown such as Mauritania, Nigeria, Ethiopia,
Uzbekistan, and Kazakhstan (Xing et al., 2018; Zhou et al.,
2018; Fenetahun et al., 2019; Fenetahun et al., 2020; Hare et al.,
2020; Boraa et al., 2021), there has been little international
cooperative research on the man-made ecosystem within the
Taklamakan Desert. Some advanced ideas or concepts, such as
the ecological and economic win-win development in the
western desert region of the United States should be
introduced.

Some suggestions are highlighted here to address these
problems. First, it is suggested that the science-policy sections
of both the United Nations Framework Convention on Climate
Change (UNFCCC) and the United Nations Convention to
Combat Desertification (UNCCD) lay special stress on the
issues discussed in this study. Continuously providing
research-based guidance will be most effective for the
international cooperation and coordination between the
affected countries to mitigate desertification, land degradation,
and drought effects (Fu et al., 2020).

The man-made sand break is composed of desert shrub
species, which are native varieties but do not meet the targets
of carbon trading in the Intergovernmental Panel on Climate
Change (IPCC). Broad-leaved trees are not suitable plants for arid
desert areas since they are high water-consumption species, while
shrub species are the dominant plants in the desert ecosystem
because they are equipped with drought tolerance. Other than
cash crops like C. deserticola, other ecological management and
development initiatives are vigorously encouraged, such as the
plantation of Lycium ruthenicum Murr, Cynomorium
songaricum, and Hippophae rhamnoides Linn. The further
processing of desert land produce and cash crops is also
encouraged as well as desert eco-farm tourism, desert
camping, sand skiing, and desert landscape exploration.

Second, it is highly recommended that the shelterbelt is given
continuing monitor and support from both the Ministry of
Sciences and Technology and the government of Xinjiang
Uygur Autonomous Region, especially in future scientific
studies and ground experiments. The research should be
financed by governmental departments, not just by civil
society organizations and enterprises. We proposed that the
government provides the necessary funding to establish the
27th China desert observation and research station in the

hinterland of the Taklamakan Desert, especially considering
the progressing extreme climate conditions. In this case, the
long-term groundwater monitoring should be strengthened, in
order to understand the dynamics and hydrology of groundwater,
and ultimately, its future development may be predicted. Also we
can screen drought-resistant and salt-resistant species to reduce
the irrigation amount and ensure the sound development of
groundwater. It also reveals that selecting feasible and
scientific methods of irrigation with saline water is particularly
important.

Third, to protect the biodiversity and wild animals, such as
the China’s wild camels, the Chinese government has
established several nature reserves, but the species will need
additional preservation efforts. China should slow the pace of
construction on the Tarim Desert Highway to allow time to
develop strategies that will effectively minimize the
construction’s impact on camels (Yang et al., 2019). The
government should also enforce existing hunting bans,
implement scientific management, and improve public
awareness of wildlife protection.

Fourth, in order to make up for the expensive maintenance
costs required for the man-made ecosystem, and achieve
China’s dual carbon goal and reduce CO2 emissions caused
by fossil fuels, we should increase the use of solar energy and
other clean energy (He et al., 2012). Southern Xinjiang, where
the desert highway is located, has the most abundant solar
energy resources of all regions in China. Therefore, it is
necessary to make full use of solar energy resources and
apply solar photovoltaic power in irrigation along the
Taklamakan Desert man-made ecosystem, which inevitably
lead to the C sequestration due to the C emissions reduction,
compared with diesel fuel combustion for generating
electricity. This can not only save fossil fuel, but also
protect the environment from harmful emissions
(Hosenuzzaman et al., 2015). This significant carbon
emission reduction can save a value of 5 million RMB Yuan
per year. It is a win-win for the ecology and the economy.
Additionally, we should promote the development of
photovoltaic industry in desert areas. Moreover, in view of
the phenomenon of sand-buried roads caused by dune ridge
moving forward in some sections of highway, in addition to
regular removal measures, the sand-blocking belt of 10 m in
width and 10 m away from the outside of upwind shelterbelt
can be laid every five years. Only when such aspects are
addressed, artificial shelterbelt construction and highway
protection can receive a more promising and prosperous
future in Taklamakan Desert.

In short, inter-agency collaboration and coordination are
both essential to ensuring the success of sustainable
development and management of the Taklamakan Desert
man-made Ecosystem. With accelerating cooperation among
governmental departments, enterprises, and scientific research
institutions, it is possible to achieve both ecological service and
economic growth. The synergy among economic development,
social growth, and environmental protection is the guarantee
of a harmonious coexistence between humans and nature. This
review provides successful models that directly address
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desertification control and sand industry development, which
can be promoted in African countries. Also, the same approach
being used to stabilize sand dunes could be exported to those
countries and regions undergoing desertification for reference
in order to promote economic development and
environmental improvement.
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