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Abstract

The arid regions of Central Asia are one of the most representative arid regions in the northern mid-latitudes, which includes Kazakhstan,
Uzbekistan, Kyrgyzstan, Turkmenistan, Tajikistan and Xinjiang in China, with a total area of 6 million km2, more than 80% of the world’s
temperate deserts are located and has formed a unique temperate desert landscape pattern. Studies have shown that in the past three decades,
the temperature in Central Asia rises by 0.4°C per decade, which is significantly higher than the average of the northern hemisphere and
surrounding areas (0.3°C / 10a). During the end 30 years in the late 20th century, severe drought occurred in the northwestern region of Central
Asia, while precipitation in Xinjiang in the eastern part of Central Asia increased significantly. The precipitation in this region showed strong
spatial heterogeneity and significant chronological fluctuations. The dramatic and complex climate change pattern has led to a complex response
to Central Asian vegetation ecosystem productivity and carbon processes. These effects caused widespread concern in different areas, and in the
past few years, some research have used remote sensing technology to study the climate and vegetation ecosystem of the region from different
perspectives. Therefore, this mini review aims to link these studies to provide a comprehensive understanding of the relationship between
climate change and ecosystem of Central Asia.

Keywords: Central asia; Climate change; Vegetation ecosystem; Net primary productivity

Abbreviations: TOTC: Total Organic Carbon Pool; VEGC: Vegetation Carbon Pool; SOC: Soil Organic Carbon Pool; LTRC: Litter Carbon Pool; NDVI:
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Introduction

terrestrial ecosystems is an important guarantee for predicting
the impact of future climate change on human society and
maintaining the sustainable development of ecosystems. The
Central Asia Arid Zone is one of the most representative arid
regions in the mid-latitudes of the Northern Hemisphere with
a unique temperate desert ecosystem in the world. The arid
regions of Central Asia (Figure 1) mainly include the five Central
Asian countries (CAS: Kazakhstan, Uzbekistan, Kyrgyzstan,

The effects of climate change and human activities on
the Earth’s systems, surface landscapes, and biogeochemical
cycles are dramatically changing the response and adaptation
mechanisms of the global ecosystem. Climate warming, abnormal
precipitation, and a surge in greenhouse gas concentrations are
a serious threat to the sustainable development of terrestrial
ecosystems and human societies [1]. The carbon cycle is a key
process in the biogeochemical cycle. And Carbon Sequestration

. . . . . . Turkmenistan and Tajikistan) and Xinjiang in China, with a total
is an important function of the ecosystem. Since the industrial J ) ylang

revolution, especially from 1950s, human activities have greatly
accelerated the variation and uncertainty of global change.
Climate change and environmental issues are becoming more
prominent. Terrestrial ecosystems bear the brunt of the threat of
environmental degradation due to their role in the global carbon
cycle, coupled with their sensitive environmental adaptation
mechanisms and complex feedback mechanisms. Therefore, a
correct and comprehensive understanding of the carbon cycle of

area of 6 million square kilometers.

More than 80% of the world’s temperate deserts are
located and has formed a unique temperate desert landscape
pattern [2]. In the past 30 years, the global warming trend
has intensified, the CO, concentration has risen to 398.55ppm,
and the average annual growth rate of 2.11ppm in the past ten
years (2005~2014) is twice that of 1960s, the large increase
in greenhouse gases has pushed the temperature rise beyond
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expectations, which is more pronounced in arid ecosystems.
Studies have shown that in the past three decades, the heating
rate in Central Asia has reached 0.4°C/10a, which is significantly
higher than that in the northern hemisphere (0.3°C/10a) and
surrounding areas [3]. During the end 30 years in the late 20th
century, severe drought occurred in the northwestern region
of Central Asia, while precipitation in Xinjiang in the eastern
part of Central Asia increased significantly. The precipitation in

this region showed strong spatial heterogeneity and significant
chronological fluctuations [4]. The dramatic and complex
climate change pattern has led to a complex response to Central
Asian ecosystem productivity and carbon processes. This mini
review focuses on the spatiotemporal patterns of ecosystem
productivity and carbon dynamics in the past three decades to
study the response mechanism of vegetation ecology to climate
change in this area.
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Figure 1: Geographical location of Central Asia [3].
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Temperature and Precipitation Changes

During the 30 years from 1979 to 2011, temperatures in
Central Asia increased significantly, while precipitation reduced
sharply. As shown in Figure 2(a), the average temperature rose
by 0.4 degrees per decade and the annual precipitation dropped
by 5.8mm. Moreover, a drought that lasted for ten years from
1998 to 2008. The precipitation during the period was only
80% of the average value (1979-2011). At the same time, the
annual average temperature reached 5.62 °C, higher than the
30-year average temperature [3]. To illustrate the spatial pattern
of climate change, Li et al. [2] calculated the temperature and
precipitation distribution map for each simulated pixel from
1979 to 2011, as shown in Figure 2 (b) & (c). The results show
that the Gurbantunggut Desert in southeastern Xinjiang and
northern Xinjiang is warming strongly, with an average annual
variation greater than 0.06 °C, and precipitation in northern
Xinjiang is significantly reduced. Precipitation in Kazakhstan,
Kyrgyzstan and southwestern Xinjiang has been severely
reduced, while precipitation has increased in northern and
southeastern Xinjiang.

Studies have shown that the severe drought in Central Asia
may be caused by the oceanic sources related to the cold phases
of the El Nifio-Southern Oscillation (ENSO) [5,6]. According to
climate simulation studies, the La Nifia event that has continued
in recent decades is due to the significant warming of the Indian

Ocean and the western Pacific Ocean, which enhances the
regional contrast of sea surface temperatures in the tropical
Pacific Ocean [7]. In order to express this effect more intuitively,
La Nina’s record [8] is added in Figure 2(a). This abnormal
warming is partly due to the response of the ocean to increased
greenhouse gases in the atmosphere [9,10]. With climate
warming [1], the frequency and intensity of ENSO is growing
[11], and the resulting drought will continue to jeopardize the
ecosystems of Central Asia.

Net Primary Productivity of Ecosystems Changes

Since the majority of the geographical coverage of Central
Asia, itis including different vegetation, soil and climate patterns.
Moreover, there is heterogeneity over a span of thirty years
and therefore cannot be measured directly on a regional scale
[12]. Because of the vast geographic coverage of Central Asia, it
includes different vegetation, soil and climate models. Moreover,
there is heterogeneity over a span of thirty years and therefore
cannot be measured directly on a regional scale [13]. Ecosystem-
based modeling can analyze complex ecosystem processes and
potential internal linkages and has proven to be a powerful tool
for analyzing environmental factors [14-16]. However, common
models such as Biome-BGC [17], CENTURY [18], OCHIDEE
[19], etc., lack analysis of vegetation structure and ecological
physiological processes in arid regions. Therefore, it cannot be
used for analysis in this area [20,21].
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Figure 2: Spatial and temporal changes in temperature and precipitation in Central Asia from 1979 to 2011 [2].
(a) Temporal changes in annual temperature and precipitation;
(b) spatial pattern of the temperature trend in 1979-2011;
(c) spatial pattern of the precipitation trend in 1979-2011.
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Figure 3: Variation of the NPP in Central Asia from 1980 to 2014 [13].
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Zhang & Ren [15,16] first verified the arid ecosystem model
(AEM) of the arid zone ecological model using field observation
data, and evaluated the spatial and temporal patterns of NPP

responses to climate and carbon dioxide changes in Central Asia
from 1980 to 2014, and evaluated different environmental factors
(precipitation, The relative contribution rate of temperature,
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C02) and its interaction effect, the results show that the average
annual average NPP in the arid regions of Central Asia in the
past 35 years is 218 +25g C/m? [22], as shown in Figure 3. The
annual NPP value is higher in the northern part of Kazakhstan
(349+39g C/m?), while the NPP value in southern Xinjiang is
lower (123+45g C/m?). The NPP value of temperate coniferous

forest was the highest (556+82 g C/m?), and the non-deep root
shrub had the lowest NPP value (158+25 g C/m?). From 1980
to 2014, NPP in Central Asia was decreasing by an average of
0.71g C/m? per year, and the NPP in the extreme arid region of
southern Xinjiang was the most significant (-2.05g C/m?), as
shown in Figure 4 [2].
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Figure 4: The spatial distribution of NPP in Central Asia from 1980 to 2014 [23].
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Compared with the NPP mean value from 1980 to 1984, the
total NPP in the Central Asian region decreased by 118Tgor-10%
between 1985 and 2014. The CO, fertilization effect promoted
the increase of NPP by 99.7Tg or +8% [2]. The positive effect of
temperature increase promoted the increase of NPP by 35.4Tg
or +2%, while the decrease of precipitation caused the NPP to
decrease by 221Tg or -18% [2]. The main controlling factor of
NPP in 9% of the study area is temperature, which is mainly
distributed in high-latitude alpine regions such as Tianshan and
northern Kazakhstan. The main area of precipitation accounts
for 69% of the entire study area, mainly distributed in desert
plains, especially in southern Xinjiang. The CO, main control area
accounts for 20% of the study area and is mainly distributed in
areas with good hydrothermal conditions such as forest areas
and low-altitude areas in the Tianshan Mountains. The results
show that southern Xinjiang is an important area of ecological
fragility in Central Asia, and its ecological security faces the
challenge of climate change.

Vegetation and Soil Carbon Pools Changes

Many studies have shown that the dynamics of the global
carbon cycle are not only affected by human activities, but also
closely related to the response of ecosystems to environmental
changes. Arid ecosystems are extremely sensitive to climate
change and human activities and are undergoing dramatic
changes [24]. Ecological processes and their response and
adaptation mechanisms are at the forefront of global change
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and ecological research in arid regions [25]. The total organic
carbon pool (TOTC) of ecosystems mainly includes vegetation
carbon pool (VEGC), soil organic carbon pool (SOC) and litter
carbon pool (LTRC) [26]. Its temporal and spatial dynamics is
the most intuitive performance of regional carbon source/sink
pattern [2,27] used the 1979 carbon stocks as a benchmark to
determine the relative changes in the ecosystem’s carbon pools
from 1980 to 2011. Negative values represent a reduction in
the carbon pool for the corresponding year compared to 1979,
which is represented by a carbon source; otherwise, a carbon
sink. As shown in Figure 5, from 1979 to 2011, the region lost
about 0.46Pg C, with an average annual loss of 0.02Pg C/yr. It is
worth noting that in 1979-1997, the ecosystem of Central Asia
was almost a neutral state of carbon balance. The loss of carbon
pool occurred mainly during the most severe drought in 1998-
2008, of which 1998-2002 was the most significantly (-0.33Pg).
After 2008, the carbon pool in Central Asia has rebounded with
the increase of precipitation. Li et al. also found that the two most
significant carbon loss phenomena in Central Asia occurred in
1998-2002 (-0.33Pg C) and 2005-2009 (-0.13Pg C) respectively
[2]. These two time periods coincide with the time when the La
Nifia phenomenon occurs.

At the same time, Li et al. [2] also found that the reduction
of TOTC in Central Asia was mainly caused by the loss of VEGC
(Figure 5) [2]. During the period 1979-2011, VEGC showed
significant attenuation under the influence of climate change,
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especially under the influence of precipitation reduction, with
a total reduction of about 0.57Pg C, and the loss rate during
the 1997-2002 period was as high as 0.09Pg C/yr (P < 0.001).
This is mainly due to the continued low precipitation and
rising temperatures, which exacerbates the inhibition of water
productivity on vegetation [28], leading to a large number of
vegetation [29]. The reduction of VEGC is an important indicator
of regional vegetation degradation. The problem of ecological
degradation caused by drought in Central Asia has been widely
confirmed by domestic and foreign research [30-32] should be
highly valued by local eco-managers and government decision
makers. Unlike the decreasing trend of VEGC, the SOC in Central
Asia increased steadily during the study period (0.13Pg C).
Moreover, its dynamic change was significantly negatively

correlated with VEGC in time series (r =-0.9, P < 0.001) (Figure
5). The fluctuation of the SOC is mainly determined by the
balance between the input of litter carbon and the output of
soil respiration. Studies have shown that soil moisture is the
main environmental factor affecting soil respiration rate in
arid ecosystems. The inhibition of soil stress caused by water
stress caused by precipitation reduction is much greater than
the positive effect of temperature increase [33]. This also
explains the increase in SOC in Central Asia under the influence
of reduced precipitation. In addition, although the litter carbon
pool was higher than the stock in 1979 during most of the study
period, its variation was extremely weak (Figure 5), and the
contribution to the dynamics of the carbon stocks in the Central
Asian region was not obvious.
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Figure 5: Variation of ecosystem carbon pool in Central Asia from 1979 to 2011.
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In order to explore the spatial pattern of the carbon storage
response of the Central Asian ecosystem to climate change, Li et
al. [34] used the carbon pool difference between 2011 and 1979
as an indicator, and the positive value represented the increase
of carbon pool during the study period [34]. As can be seen from
Figure 6, the response of carbon stocks in different regions to
climate change is significant. For example, the northern part of
Kazakhstan was the region with the most degraded VEGC and
SOC in Central Asia during the period 1979-2011. This finding
is consistent with the results of several remote sensing studies
showing that the normalized difference vegetation index (NDVI)
in northern Kazakhstan has been severely degraded over the
past 30 years. Northern region of Kazakhstan has become one
of the most significant hotspots for vegetation browning in the
world [23,29,30,35]. However, in the northern part of Xinjiang,
although the former is in the same latitude zone, TOTC increased
by 108g C m? during the same period, and VEGC increased by 96g
C m2 It can be seen from Figure 2 that this change is consistent
with the increase in precipitation in the region. During 1979-
2011, the increase in precipitation in northern Xinjiang reduces
the threat of drought and promotes plant growth in the region
[34].

Conclusion

This mini review reviews vegetation productivity and
ecosystem carbon dynamics response to climate change in arid
regions of Central Asia over the past 30 years, with a focus on
temporal and spatial response characteristics:

a) In the past three decades (from 1979-2011), the
drought in Central Asia has been highly correlated with
ENSO. With the current climate warming, the frequency and
intensity of ENSO will increase, the ecosystem of Central
Asia will face a more severe drought threat.

b) Increased temperature and precipitation tend to

promote ecosystem photosynthesis and autotrophic
respiration, thereby stimulating vegetation growth and
ecosystem carbon flux; reduced precipitation will have the
opposite effect of inhibiting ground NPP. However, in the arid
regions of Central Asia, changes in NPP from 1980 to 2014
indicate that warming and drought have led to a downward
trend in NPP (average annual reduction of 0.71g C /m?),
extremely dry areas in southern Xinjiang have changed
significantly, with an average annual decline of 2.05g C /
m? Compared with the average NPP from 1980 to 1984,

the total amount of NPP in Central Asia decreased by 10%
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from 1985 to 2014 [36]. Therefore, with global warming,
the temperature rises are unlikely to promote autotrophic
respiration. The southern part of Xinjiang is the most
vulnerable part of the ecology. As the temperature rises, its
ecological sustainability will face greater challenges.

c¢) The two most significant carbon loss phenomena
in Central Asia occurred in 1998-2002 (-0.33Pg C) and
2005-2009 (-0.13Pg C) coincided with the long-term La
Nina event in the same period, if future climate warming

[1], the frequency and intensity of ENSO increase [11], the
sustainability of dryland ecosystems of Central Asia will face
more drought ecological crisis.

In addition, the two regions in Central Asia: northern

Kazakhstan and Xinjiang, have similar geographic latitudes and
vegetation cover types, but the climate change patterns are very
different. In the future research, we can use this as an analysis

case to conduct in-depth research on the interaction mechanism

between dryland ecosystems.
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Figure 6: Changes in
(a) total ecosystem carbon density;
(b) vegetation carbon density;
(c) soil organic carbon density; and
(d) litter carbon density from 1979 to 2011 [2].
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