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Abstract: Aridity index reflects the exchanges of energy and water between the land surface
and the atmosphere, and its variation can be used to forecast drought and flood patterns,
which makes it of great significance for agricultural production. The ratio of potential
evapotranspiration and precipitation is applied to analyse the spatial and temporal distribu-
tions of the aridity index in the Belt and Road region under the 1.5°C and 2.0C global
warming scenarios on the basis of outputs from four downscaled global climate models. The
results show that: (1) Under the 1.5°C warming scenario, the area-averaged aridity index will
be similar to that in 1986-2005 (around 1.58), but the changes vary spatially. The aridity index
will increase by more than 5% in Central-Eastern Europe, north of West Asia, the monsoon
region of East Asia and northwest of Southeast Asia, while it is projected to decrease obvi-
ously in the southeast of West Asia. Regarding the seasonal scale, spring and winter will be
more arid in South Asia, and the monsoon region of East Asia will be slightly drier in summer
compared with the reference period. While, West Asia will be wetter in all seasons, except
winter. (2) Relative to 1986—2005, both areal averaged annual potential evapotranspiration
and precipitation are projected to increase, and the spatial variation of aridity index will be-
come more obvious as well at the 2.0°C warming level. Although the aridity index over the
entire region will be maintained at approximately 1.57 as that in 1.5°C, the index in Cen-
tral-Eastern Europe, north of West Asia and Central Asia will grow rapidly at a rate of more
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than 20%, while that in West Siberia, northwest of China, the southern part of South Asia and
West Asia will show a declining trend. At the seasonal scale, the increase of the aridity index
in Central-Eastern Europe, Central Asia, West Asia, South Asia and the northern part of Si-
beria in winter will be obvious, and the monsoon region in East Asia will be drier in both
summer and autumn. (3) Under the scenario of an additional 0.5°C increase in global tem-
perature from 1.5C to 2.0°C, the aridity index will increase significantly in Central Asia and
north of West Asia but decrease in Southeast Asia and Central Siberia. Seasonally, the aridity
index in the Belt and Road region will slightly increase in all other seasons except spring.
Central Asia will become drier annually at a rate of more than 20%. The aridity index in South
Asia will increase in spring and winter, and that in East Asia will increase in autumn and winter.
(4) To changes of the aridity index, the attribution of precipitation and potential evapotran-
spiration will vary regionally. Precipitation will be the major influencing factor over southern
West Asia, southern South Asia, Central-Eastern Siberia, the non-monsoon region of East
Asia and the border between West Asia and Central Asia, while potential evapotranspiration
will exert greater effects over Central-Eastern Europe, West Siberia, Central Asia and the
monsoon region of East Asia.

Keywords: 1.5C and 2.0°C global warming scenarios; aridity index; spatial and temporal variations; the Belt
and Road region

1 Introduction

As an important climate indicator, the aridity index is widely used to characterize the dry
and wet levels of a region and is also applied to assess the impacts of climate change (Liu et
al.,2013; Hao et al., 2014; Djaman et al., 2015; Wang et al., 2016). The aridity index can be
quantified by the amount of precipitation, the ratio of potential evapotranspiration and pre-
cipitation, the relation between temperature and precipitation, the accumulated temperature
and the heat balance equation (Cheng et al., 1996; Botzan et al., 1998; Arora, 2002; Meng et
al., 2004). Amongst these, the ratio of potential evapotranspiration and precipitation is the
most common method to measure regional aridity, which takes not only precipitation into
account but also considers other variables (e.g., temperature, radiation, and wind speed);
thus, this index can represent regional hydrological cycle patterns.

Global warming is expected to make the surface air drier and result in an increase of
evaporation from water bodies (Chen et al., 2017). However, many regions of the world
have observed decreasing pan evapotranspiration measurements in the last few decades (Pe-
terson et al., 1995; Brutsaert et al., 1998; Roderick et al., 2007; Cong et al., 2008), while
trends in global precipitation might be highly heterogeneous (Liu et al., 2013). Using the
ratio of potential evapotranspiration and precipitation, studies have found that eastern China
has become drier in the last century, with a more obvious trend after the 1960s (Zhang et al.,
2016). A similar drying trend has been found in Turkey, Iran, Togo, eastern Greece, etc.
(Tiirkes, 2003; Nastos et al., 2013; Tabari et al., 2013; Djaman et al., 2015). While in
northwest China, the aridity index indicates a significant decreasing trend over the last 30
years (Yin et al., 2005). The aforementioned observational results show that global warming
leads to changes in the aridity index, and these changes vary spatially.

There is no doubt that the climate is warming (IPCC, 2013; IPCC, 2014). Climate
change will accelerate the water cycle (Huntington, 2006; Oki et al., 2006), and the
changing spatial and temporal patterns of precipitation, evapotranspiration, runoff and
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aridity conditions will further impact agricultural production and crop growth (Li et al.,
2013; Chen et al., 2017; Cui et al., 2018). Previous studies point out that increasing aridity
will occur in most tropical and mid-latitude regions in the 21st century, which includes the
subtropics, northern Africa, southern Africa and the Amazon, where precipitation change
cannot keep pace with the increasing evaporative demand under the Representative Con-
centration Pathway (RCP) 8.5 scenario. At the same time, the aridity index might decrease
in northwest China and tropical Africa (Feng ef al., 2013; Lin et al., 2015). A drying trend
is also projected to take place in western North America, Central America, and the Medi-
terranean by the end of this century under the double CO; scenario (Fu et al., 2014). In
addition to the high emissions scenario, it is necessary to project changes of the aridity
index in low radiation forced situations under the background of the growing awareness of
environmental and climate change protection.

China put forward an initiative of “The Belt and Road” in 2015 to strengthen the connec-
tion between the Asian Pacific and Europe and form a human community with shared des-
tiny (Jiang et al., 2018; Liu et al., 2018; Lu et al., 2018). The Belt and Road region is the
longest economic corridor around the world to date but has complex climatic conditions.
Countries along the Belt and Road region have experienced increasingly severe climatic ex-
tremes in recent years and are highly vulnerable to climate change (Schilling et al., 2013; Su
et al., 2016; Huang et al., 2017). Regional hydrological dynamics in a warming world are
sensitive issues and have attracted considerable attention. In this study, the regional climate
simulation capability of four global climate models (GCMs) is evaluated first based on ob-
servational data from the Climatic Research Unit (CRU) and then used to analyse the spatial
temporal variation of the aridity index in the Belt and Road region at the 1.5C and 2.0°C
global warming levels. The main goal is to assess the trends of aridity index and drought/
flood risks under the scenario of an additional 0.5°C warming, so as to provide support for
the development of climate change adaptation and mitigation strategies.

2 Study area

The Belt and Road region straddles Asia, Europe and Africa, and covers 65 countries
with diverse natural environments. Eight types of climate dominate in this region, with
both monsoon and continental climate characteristics and the regionally uneven distri-
bution of water resources. Because the proportion of bare land and bush is higher in this
region than the global average, the overall ecological environment is fragile (Wang et al.,
2017). The Belt and Road region comprises over 50% of the world’s population, and
large variations in precipitation and evapotranspiration under a warming climate back-
ground might lead to serious consequences regarding water stress and agricultural output
reduction.

According to the geographical divisions of the United Nations and Képpen climate classi-
fication, the Belt and Road region can be divided into nine sub-regions: Central-Eastern
Europe, West Siberia, Central-Eastern Siberia, West Asia (Egypt included), Central Asia,
South Asia, the non-monsoon region of East Asia, the monsoon region of East Asia and
Southeast Asia (Figure 1).
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Figure 1 The Belt and Road sub-regions: 1. Central-Eastern Europe; 2. West Siberia; 3. Central-Eastern Siberia;

4. West Asia; 5. Central Asia; 6. South Asia; 7. Non-monsoon region of East Asia; 8. Monsoon region of East Asia;
9. Southeast Asia

3 Data and methods
3.1 Data

The Climatic Research Unit (CRU) datasets include monthly precipitation and potential
evapotranspiration during 1961-2017. These datasets for the period 1961-2005 when
matches the historical period of climate simulation data are used to evaluate the simulation
capacity of the GCMs. The CRU is based on more than 4000 meteorological stations around
the world and covers the land areas of the Earth at a spatial resolution of 0.5°x0.5° (Harris et
al., 2014). Observational data in this paper are selected from the CRU datasets that involve
25,167 grids in the Belt and Road region.

Climate simulation data are from four GCMs (GFDL-ESM2M, HadGEM2-ES, IPSL-
CMS5A-LR and MIROCS) in the Coupled Model Intercomparison Project Phase 5 (Table 1).
The model outputs include the daily mean, maximum and minimum temperature, precipita-
tion, relative humidity, wind speed, etc, for the historical period 1961-2005 and future pro-
jections under the RCP 2.6, 4.5, 6.0 and 8.5 scenarios. All model outputs have been down-
scaled to a grid with a 0.5°x0.5° resolution and bias corrected to ensure statistical agreement
with the observational data in the Inter-Sectoral Impact Model Intercomparison Project
Phase two (Hempel et al., 2013; Warszawski et al., 2014; Frieler et al., 2017).

Table 1 Basic information on the four global climate models (GCMs)

Climate model Research institute Original horizontal resolution
GFDL-ESM2M Geophysical Fluid Dynamics Laboratory 144x90
HadGEM2-ES Hadley Centre for Climate Prediction and Research 192x145
IPSL-CMS5SA-LR L’Institut Pierre-Simon Laplace 96x96
MIROCS Atmosphere and Ocean Research Institute 256x128

Note: Horizontal resolution indicates the number of longitudinal grids % the number of latitudinal grids.
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3.2 Methods

3.2.1 Aridity index

The aridity index in this study is deduced by the ratio of potential evapotranspiration and
precipitation. The greater the Aridity Index is, the more dryer the climate. Areas where the
aridity index is less than 1 are regarded as humid regions (Ponce et al., 2000). In contrast,
areas with aridity index values exceeding 1 are those where the regional evaporative demand
exceeds the water supply. In detail, the aridity index in semi-humid regions is typically be-
tween 1 and 1.5; in semi-arid regions, it is between 1.5 and 4, and in arid regions it is more
than 4 (Zheng et al., 2010; Zheng et al., 2013; Huang et al., 2016).
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where A/ indicates the aridity index; P represents precipitation (mm); E7p represents poten-
tial evapotranspiration (mm) and is calculated based on the Penman-Monteith formula rec-
ommended by the United Nations Food and Agriculture Organization (Allen, 1998); A
represents the slope of the temperature-saturation vapor pressure curve (kPa'C™"); R, repre-
sents the net surface radiation (MJ-m2-d™"); G represents the soil heat flux (mm-d™") and is
usually neglected when calculating the daily ETp; r means the psychrometric constant (kPa
"C™"); T represents the temperature (‘C); U, represents the wind speed at a height of 2 m
(m-s™"); and e, and e, represent the saturation vapor pressure and actual water vapor pressure
(kPa), respectively.

3.2.2 Horizons of the 1.5°C and 2.0°C global warming

The global average temperature during the reference period (1986-2005) increased by 0.61°C
compared to the pre-industrial period in 1850-1900 (IPCC, 2013). Extra 0.89°C and 1.39°C
increases of temperature will lead to global warming increases of 1.5°C and 2.0°C, respec-
tively, relative to the pre-industrial level. Previous studies have predicted that a global
warming of 1.5°C is expected to occur in 2020-2039 under the RCP 2.6 scenario, and the
temperature will increase 2.0°C in 2040-2059 under the RCP 4.5 scenario (Warszawski et

al., 2014; Schleussner et al., 2016; Chen et al., 2017; Liu et al., 2017; Su et al., 2017; Sun et
al.,2017; Wang et al., 2017).

3.2.3 Sensitivity analysis

The sensitivity of the aridity index to potential evapotranspiration and precipitation can be
evaluated as follows:

=Mx100% (3)

X

1y
where x; represents the variable that denotes potential evapotranspiration or precipitation in
this paper, S,, represents the sensitivity coefficient of the aridity index related to x;, Aly

represents the original aridity index, and A/(x;) represents the aridity index with the change



42 Journal of Geographical Sciences

in the specified variable. When the sensitivity of potential evapotranspiration to the aridity
index is calculated, precipitation remains unchanged, and vice versa.

4 Results
4.1 Comparison of GCM simulations with observations

The inter-annual distributions of precipitation and potential evapotranspiration simulated by
GCMs over the Belt and Road region during 1961-2005 are compared with the observation
data (Figure 2). The GCMs are able to capture the monthly dynamics of regional precipita-
tion very well, with seasonal fluctuations of less precipitation in winter and more precipita-
tion in summer. Although the multi-model ensemble mean is slightly higher than the ob-
served precipitation, gap of each month is less than 3 mm (Figure 2a). Meanwhile, the in-
ter-annual distribution of potential evapotranspiration over the Belt and Road region by the
GCM ensemble also matches the observations. Despite the fact that the GCM ensemble
overestimates potential evapotranspiration by approximately 10 mm in summer, the devia-
tion in potential evapotranspiration is less than 8% throughout the year (Figure 2b).
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Figure 2 Comparison of GCM ensemble mean with observation in the Belt and Road region for 1961-2005:
multi-year averaged monthly precipitation (a) and potential evapotranspiration (b)
Note: The upper and lower limits represent the range of climate models. The same applies to Figures 4 and 6.

Spatial distributions of annual precipitation and potential evapotranspiration over the Belt
and Road region for 1961-2005 are shown in Figure 3 based on both observation and
multi-model ensemble mean. The spatial correlation coefficient between the simulated and
observed precipitation patterns reaches 0.96, which is significant at the 0.05 level, with high
levels of precipitation in Southeast and South Asia and that are rare in West Asia and the
non-monsoon region of East Asia (Figures 3a-3b). For annual potential evapotranspiration,
the spatial correlation coefficient between the simulation and observation is approximately
0.98, with higher values in West Asia, South Asia and the southern part of Central Asia and a
decrease from southwest to northeast (Figures 3c-3d).

4.2 Projection of precipitation and potential evapotranspiration

The variation of the aridity index is closely related to changes of precipitation and poten-
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Figure 3 Spatial distributions of annual precipitation and potential evapotranspiration for 1961-2005: observed
and simulated precipitation (a-b); observed and simulated potential evapotranspiration (c-d)

tial evapotranspiration. In the 19862005 reference period, area-averaged annual precip-
itation over the Belt and Road region is approximately 574 mm by the ensemble, with model
values ranging from 568 mm to 580 mm. Relative to the reference period, precipitation will
increase by 5.3% and reach 605 mm (600—613 mm) under a global warming scenario of 1.5°C,
with the largest growth of 25% in West Asia. Meanwhile, precipitation will slightly decrease
in Central Asia, Central-Eastern Europe and Southeast Asia. Under the 2.0°C warming sce-
nario, area averaged annual precipitation will further increase to 620 mm (608—635 mm),
with a remarkably increase of over 15% in West Asia, the non-monsoon region of East Asia
and Central-Eastern Siberia. Decreased precipitation will occur in Central-Eastern Europe,
Central Asia and north of West Asia, with the largest decrease of more than 5% (Figures 4a
and 5a-5b).

700 —— . . 1100 —— . .
@ ’é‘ (b)

g T < 1000 |

E 600 = R - T

g = £% = [+

§ §'é~ 900 -

B 500 { &8

3 £ 800+

a )

400 ? 700

1986-2005 1.5°C 20°C 1986-2005 15°C 20T

Figure 4 Comparison of precipitation (a) and potential evapotranspiration (b) in 1986-2005, 1.5°C and 2.0°C
global warming levels over the Belt and Road region
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Potential evapotranspiration is approximately 910 mm (905-912 mm) over the Belt and
Road region in 1986-2005. Under the global warming scenario of 1.5°C, potential
evapotranspiration will reach 950 mm (922-967 mm), with the fastest growth of more than
10% in Central-Eastern Europe and a slight decrease in Southeast Asia. The increase of po-
tential evapotranspiration will be more extensive under the 2.0°C warming scenario. The
area-averaged potential evapotranspiration will increase to 974 mm (938-997 mm), with an
increase of more than 10% in Central-Eastern Europe, Central-Eastern Siberia and the mon-
soon region of East Asia relative to the reference period (Figures 4b and 5c-5d).
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Figure 5 Changes in precipitation (a-b) and potential evapotranspiration (c-d) under the 1.5°C and 2.0°C global
warming scenarios relative to the reference period over the Belt and Road region: (a) and (c) show the changes in
precipitation and potential evapotranspiration under the 1.5°C scenario compared to the reference period; (b) and
(d) show the changes in precipitation and potential evapotranspiration under the 2.0°C scenario compared to the
reference period

4.3 Projection of the aridity index under the 1.5°C and 2.0°C warming scenarios

4.3.1 Changes in the annual aridity index

In 1986-2005, the annual aridity index in the Belt and Road region was approximately 1.58
(1.57-1.61). West Asia, Central Asia and the non-monsoon region of East Asia can be con-
sidered as arid areas, with the highest aridity index of more than 10 in West Asia. South Asia
belongs to a semi-arid area, while Central-Eastern Europe, Central-Eastern Siberia and the
monsoon region of East Asia are semi-humid. Southeast Asia is the wettest area in the Belt
and Road region, and the aridity index is only about 0.57 (0.56-0.58) (Figures 6 and 7a).
With global warming, the aridity index in the Belt and Road region will maintain at 1.57 due
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Figure 6 Annual aridity index changes in the Belt and Road region under the 1.5°C and 2.0°C global warming
scenarios
Note: Numbers (1-9) denote different areas of the Belt and Road region marked in Figure 1. The same applies to
Figure 8.
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Figure 7 Spatial distribution of the aridity index in the Belt and Road region: (a) in 1986-2005; (b) changes in
the 1.5°C with relative to the reference period; (c) changes in the 2.0°C with relative to the reference period; (d)
changes in the 2.0°C with relative to the 1.5°C

Note: Dashes in the figures represent areas with significant changes at p<0.1. This also applies to Figure 9.

to the simultaneous increases in precipitation and potential evapotranspiration. Under the 1.5°C
global warming scenario, the aridity index in Central-Eastern Europe, north of West Asia,
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south of East Asia and northwest of Southeast Asia will rise rapidly at a rate of over 5%
compared to 1986-2005. In contrast, the aridity index will decline in southeast of West Asia,
South Asia and Central-Eastern Siberia (Figure 7b). Under a global warming scenario of 2.0°C,
the aridity index in Central-Eastern Europe and north of West Asia will further grow by 15%
relative to the 1986-2005 period. In addition, the aridity index in Central Asia will also in-
crease rapidly. Meanwhile, the decreasing trend of the aridity index in Central-Eastern Sibe-
ria will be extended (Figure 7c¢).

Relative to the 1.5°C level, the spatial distribution of the aridity index with an additional
0.5°C of global warming in the Belt and Road region will change substantially. Spatially,
the aridity index along the borders of Central Asia, South Asia and West Asia will increase
significantly at a rate of approximately 15%, followed by Central-Eastern Europe and the
monsoon region of East Asia, where the increase will be above 5%. Meanwhile, the aridity
index will decrease by approximately 5% in the west of Central-Eastern Siberia and South-
cast Asia (Figure 7d).

4.3.2 Changes of the seasonal aridity index

Area averaged aridity index values in the Belt and Road region for four seasons are shown
in Figure 8. The seasonal aridity index during the reference period is approximately 2.23
(2.22-2.28), 1.77 (1.73-1.82), 1.20 (1.18-1.23), and 0.93 (0.92-0.94) for spring, summer,
autumn and winter, respectively. Under the 1.5°C scenario, the aridity index is projected
to decrease appreciably, except during the spring season. However, spatial changes of the
aridity index will vary in amplitude. Central-Eastern Europe and West Siberia are pro-
jected to be drier throughout the year, but the non-monsoon region of East Asia will be-
come wetter. Under the 2.0°C warming scenario, the aridity index is projected to increase
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Figure 8 Seasonal aridity index changes in the Belt and Road region under the 1.5°C and 2.0C global warm-
ing scenarios: (a) spring, (b) summer, (c) autumn, and (d) winter
Note: The black mark (%) above the bars represents the multi-model ensemble mean in 1986-2005.
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by 0.57% up to 1.78 (1.69-1.88) in summer compared with that in 1986-2005, but the
changes will be slight in other seasons. In addition to Central-Eastern Europe and West Si-
beria, the drying trend also covers West Asia, Central Asia and the monsoon region of East
Asia.

Under the 1.5°C global warming scenario, the aridity index in the northwestern part of
West Asia, south of South Asia and northwest Southeast Asia will increase more than that in
other regions during the spring season by more than 20% relative to the reference period,
followed by an increase of about 10%—15% in Central-Eastern Europe. Meanwhile, the arid-
ity index will decrease by approximately 15% in the eastern part of West Asia and the west-
ern part of the monsoon region in East Asia. In summer, the greatest increase of the aridity
index will occur in Central Asia, followed by the northwest region of Southeast Asia and
Central-Eastern Europe. In contrast, the aridity index will decrease sharply in the eastern
portion of West Asia. In autumn, spatial pattern of changes in the aridity index will be simi-
lar to those in summer, except for a 15% decrease in South Asia. In winter, the dryness trend
will be significant in the eastern part of South Asia, southwestern part of the monsoon region
of East Asia, the northern region of West Asia and Central-Eastern Europe, where the aridity
index will increase by more than 20% (Figures 9al-d1).

In the 2.0°C warming level, dryness will be obvious in Central-Eastern Europe and the
northwestern part of South Asia in spring, with the aridity index increasing by more than
15% compared with that in 1986-2005. In summer and autumn, the aridity index will in-
crease rapidly in the west but slowly in the southeastern part of the monsoon region of East
Asia. Central Asia, Central-Eastern Europe and the northern region of West Asia will present
significant dryness trends, with an increase of the aridity index over 20%, while South Asia
will experience a wetter trend. In winter, the aridity index in Central-Eastern Europe, South
Asia, Central Asia, the northern region of Central Asia, West Siberia and the northern region
of Central-Eastern Siberia will increase by more than 20% but decrease in the non-monsoon
region of East Asia, northwest of Southeast Asia and south of West Asia by approximately
20% (Figures 9a2-d2).

For an additional 0.5°C warming scenario from 1.5°C to 2.0°C, the aridity index will
increase by more than 20% along the borders of Central Asia, South Asia and West Asia,
while in the northwest of Southeast Asia and northeast of South Asia, the aridity index will
decrease by about 15%—-20% in spring season. In summer, the extent of dryness will fur-
ther expand, and the aridity index in Central-Eastern Europe, Central Asia and most of
West Asia will increase by more than 20%. In autumn, the aridity index will increase in the
majority of the Belt and Road region, which will be most obvious in Central Asia, West
Asia, northwest of South Asia, and all of East Asia. In winter, the aridity index will sig-
nificantly increase by more than 20% in the western area of South Asia, southeast coastal
of the monsoon region of East Asia, north of East Siberia and northwest of Central-Eastern
Siberia, but it will decrease by 10%—-20% in the northwest of South Asia and west of Cen-
tral-Eastern Siberia (Figures 9a3-d3).

4.3.3 Attribution to aridity index changes

Figure 10 shows the spatial changes in the aridity index for the 1.5°C and 2.0°C global
warming scenarios due to changes in precipitation (Figures 10a and 10c, respectively) and
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Figure 9 Relative changes of the seasonal aridity index under the 1.5°C and 2.0°C warming scenarios: (a)
spring, (b) summer, (¢) autumn, (d) and winter. (1-3) denote the 1.5°C scenario relative to the reference period,
the 2.0°C scenario relative to the reference period, and the 2.0°C scenario relative to the 1.5°C scenario, respec-
tively

potential evapotranspiration (Figures 10b and 10d, respectively).

The sensitivity analyses show that at the 1.5°C warming level, precipitation play a more
important role than potential evapotranspiration in the southern region of West Asia, South
Asia, Central-Eastern Siberia and the non-monsoon region of East Asia, where the attri-
bution of precipitation will be up between —20% and —8% and potential evapotranspiration
will be around 0-8%, together conspire the decrease of aridity index of about 0-20%. How-
ever, in Central-Eastern Europe, West Siberia, Central Asia and the monsoon region of East
Asia, an increase of potential evapotranspiration will attribute largely to the increasing arid-
ity index with amount of 8%—-20%, and attribution of precipitation will be from —8% to —4%.
Major differences under the 2.0°C warming scenario relative to the 1.5C scenario are
found along the border of South Asia and Central Asia, where the drying trend could be ex-

plained mainly by the decrease in precipitation.
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Figure 10 Changes in the aridity index attributable to precipitation (a, c) and potential evapotranspiration (b, d)
under the 1.5°C scenario (a, b) and 2.0°C scenario (c, d) relative to 1986-2005

5 Conclusions and discussion
5.1 Conclusions

The aridity index can represent the distribution of the energy balance and water circulation
on the surface of the earth. Its spatial and temporal changes reflect regional droughts and
floods. Based on four GCMs, changes of the aridity index over the Belt and Road region are
analysed using the Penman-Monteith formula based potential evapotranspiration and pre-
cipitation. The following conclusions are drawn in this paper:

(1) In 19862005, the area averaged annual potential evapotranspiration and precipitation
are about 910 mm and 574 mm, respectively, and the aridity index over the Belt and Road
region is approximately 1.58. Spatially, the most arid region lies in the middle and
low-latitude Eurasia, such as West Asia, Central Asia and the non-monsoon region of East
Asia, while Central-Eastern Europe, West Siberia, the monsoon region of East Asia and
Southeast Asia are relatively humid. Note that South Asia belongs to a semi-arid area, with
distinct dry and wet seasons.

(2) Under the 1.5°C global warming scenario, with a 4.5% increase of annual potential
evapotranspiration and a 5.3% increase in annual precipitation, the aridity index over the
Belt and Road region will change slightly compared with that in 1986-2005 but with spa-
tially distinct variability. The aridity index in Central-Eastern Europe, north of West Asia,
south of the monsoon region in East Asia and northwest of Southeast Asia will increase by
more than 5%, but it will significantly decrease in Central-Eastern Siberia. For the seasonal
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scale, changes in the aridity index in winter will be more obvious in Central-Eastern Europe,
with increases over 20%, but the index in spring and summer will be relatively flat. The
spring and winter seasons in South Asia are expected to become drier, and the dryness trend
is also expected in the monsoon region of East Asia in summer, while West Asia is expected
to become wetter than before, except during winter.

(3) In the 2.0°C warming level, potential evapotranspiration and precipitation will in-
crease further, with rates of 7.1% and 7.9%, respectively, relative to those in 1986-2005.
Although the aridity index over the Belt and Road region will still be approximately 1.57,
the spatial variation will be more obvious. Central-Eastern Europe, north of West Asia and
Central Asia will become drier, with an over 20% growth of the aridity index, while Cen-
tral-Eastern Siberia, the southern part of South Asia and the southeastern part of West Asia
might be in a wetness trend. Seasonally, the drying trend will be extensive in autumn and
winter, covering Central-Eastern Europe, Central Asia and West Asia. And the trend will
even extend towards South Asia, eastern Siberia and north of Central-Eastern Siberia in
winter. Differences between the dry and wet seasons in South Asia will be more pronounced,
and the monsoon region in East Asia will be drier than it was previously in summer and au-
tumn. The non-monsoon East Asia region will get wetter (excluding autumn).

(4) Compared with the 1.5°C global warming scenario, change of the area-averaged arid-
ity index over the Belt and Road region is not distinct in the 2.0°C warming scenario, but
significant dryness in Central Asia and north of West Asia and wetness in Southeast Asia and
Central Siberia are expected. Seasonally, an increasing trend of the aridity index in Cen-
tral-Eastern Europe will be continuous, especially in summer. The aridity index will increase
at a rate of over 20% in all four seasons in Central Asia, and the increase is obvious in au-
tumn and winter in the monsoon region of East Asia. South Asia will experience intense
aridity in spring and winter, but the aridity index will decrease in West Asia during winter.

5.2 Discussion

It can be seen that the increase of the aridity index over the Belt and Road region under the
2.0°C warming scenario will be more severe than that under the 1.5°C scenario, especially
in Central-Eastern Europe, north of West Asia, Central Asia, the monsoon region of East
Asia and South Asia in summer and autumn. As a result, crop yields might be reduced due to
water shortages. Our findings are consistent with the drier trends of the aridity index over
the Mediterranean, Central Asia, monsoon region of East Asia and a wetter trend in the
northwest of China found by previous projection studies (Fu et al., 2014; Lin et al., 2015).
In addition, this study shows more detailed variation characteristics based on downscaled
climate models by identifying the increasing dryness in northeast of West Asia, northwest of
the non-monsoon region East Asia and elsewhere. Precipitation is the most important factor
determining the aridity index in southern West Asia, southern South Asia, Central-Eastern
Siberia, the non-monsoon region of East Asia and along the border of West Asia and Central
Asia, while potential evapotranspiration is the key factor influencing the aridity index in
Central-Eastern Europe, West Siberia, Central Asia and the monsoon region of East Asia.
However, many meteorological variables affect potential evapotranspiration; thus, it is nec-
essary to conduct more thorough studies to analyse their contributions to the changes of
aridity index in detail.
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