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Abstract: Based on the daily observations from 83 meteorological stations in Xinjiang between 1961
and 2020, urban snow disasters were divided into four grades: extremely severe, severe, medium and
light. The patterns in the spatiotemporal variability of snow disasters and the relationship between
snow disasters and the Northern Hemisphere circulation indices are discussed. The results show
that snow disasters were more frequent in the north than in the south, and severe and extremely
severe snow disasters mainly occurred in the north. Over the past 60 years, the frequency of medium
and above snow disasters has been increasing significantly, while the frequency of light disasters has
been decreasing significantly. The areas with significant changes are mainly located in the snow-rich
area of Northern Xinjiang. The above changes were more evident during 1991-2020 and occurred
in more than 70% of the whole area. Compared to the previous 30 years, the annual average, the
maximum and minimum frequency of snow disasters classified as medium and above increased.
This is especially true for severe and extremely severe disasters, which increased by more than 70%.
Severe and extremely severe snow disasters in the north are significantly and positively correlated
with the Northern Hemisphere Polar Vortex Central Intensity Index (NHPVCI), the India-Burma
Trough Intensity Index (IBTI) and negatively correlated with AO during the cold season and the
winter. Severe snow disasters in the south are positively correlated with the IBTI during winter
and autumn.

Keywords: urban snow disaster; spatiotemporal variation; Xinjiang

1. Introduction

Snow disasters are a type of cryosphere hazard and are one of the growing major
natural hazards and their particular uncertainties and instabilities are increasing in the
context of anomalous global climate change [1,2]. Snow disasters can be highly destructive
and can arrive with little prior warning. These disasters can cause significant damage
to property, infrastructure, and transportation and result in extensive loss of life [3-7].
However, the impact varies significantly across the globe. For example, in early 2008, a
severe snowfall event occurred in southern China, which led to more than 100 million
people being affected and direct economic losses above USD 20 billion [8]. A severe
snowstorm from December 2009 to January 2010 invaded the city of Altai in northern
Xinjiang and led to record-breaking snowfall (from the last 60 years of observations), and
wreaked havoc on livestock, agriculture, and local populations [9]. In the United States,
a blizzard interrupted the production of nearly half of the power plants in Texas, leaving
4.3 million people without electricity and heat for several days in February 2021 [5,10].
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Therefore, increasing the understanding of urban snowfall changes and snow disasters
is particularly important to help build public perceptions of climate change, and it also
strengthens urban hazard control and disaster reduction at home and abroad.

In recent years, many scholars have studied the formation of snow disasters and have
developed indicators to rank them. Snowfall data and other related meteorological data
(the average snowfall, temperature, and so on) are used to establish snow disaster indicators
in different regions and study the climatological characteristics of snow disasters [11,12].
Meanwhile, the influence of snow depth and the number of snow days on snow disasters
was analyzed and carried out. Since the late 1990s, studies of snow disaster formation
mechanisms [13,14] and climate risk assessments have been performed [15-19]. Owing to
the increasing accumulation of snow data and the results of research, the Qinghai-Tibet
Plateau, Inner Mongolia and northern Xinjiang, where snow is abundant, have become hot
spots for snow disaster research in China [20,21]. However, there is little research on the
variation, causes and the relationship between snow disasters and atmospheric circulation.

Under the impact of global warming, extreme heavy precipitation has increased in
continental regions around the world [22-24], and the contribution of extreme precipitation
to total precipitation has also increased [25], as is the case in China [26-28]. This is mainly
because of increased water vapor in the atmosphere under the background of global
warming [29]. It also means that if temperatures are low enough for snow to form, the
additional moisture will lead to heavy snowfall, thus increasing the intensity of snow
disasters in colder regions [30]. Since 1960, the frequency of snow disasters has shown a
growing trend in the Qinghai-Tibet Plateau and its surrounding areas and has exhibited
significant interannual and interdecadal variations [11]. There, the winter snow depth
and the number of days with snow cover decreased [15,31]. In Xinjiang, there was a
rapid reduction in the snow accumulation period, and the date when snow cover began
was significantly delayed [32]. Additionally, the number of regional snowstorms has
significantly increased trends of heavy snowfall in northern Xinjiang [33], and the risk of
snow hazards has increased [34,35]. Moreover, a significant decrease in snow accumulation
and snowfall ratios and an unusual increase in extreme snowfall climatic events are closely
related to snowstorms [36].

In the context of global warming, the spatial and temporal distribution characteristics
of snowstorms in Xinjiang are changing significantly. Do snowstorms with high-intensity
grades contribute more to the overall frequency change of snow disasters? Are these
changes correlated with the atmospheric circulation indices of the Northern Hemisphere?
Exploring these questions is important for explaining and understanding the changing
patterns of snowstorms in Xinjiang. Furthermore, analyzing the long-term changes and
variability of urban snow disasters can provide a scientific basis for local prevention of
the impacts and losses caused by snowstorms on urban transportation, production and
other human activities while also providing a reference for snowstorm monitoring and
prediction as well as disaster prevention in Xinjiang.

2. Materials and Methods
2.1. Overview of the Study Area

Xinjiang is located in the middle of Eurasia and the northwest of China, far from
the ocean. The landform belongs to “two basins sandwiched by three mountains”, with
Altai Mountain in the north, Kunlun Mountain in the south and Tianshan Mountain in the
middle of the transverse, dividing Xinjiang into two parts, Junggar Basin in the north and
Tarim Basin in the south. The south of Tianshan Mountain is southern Xinjiang, and the
north of Tianshan Mountain is northern Xinjiang [12]. In the following, northern Xinjiang
and southern Xinjiang are abbreviated as northern and southern, respectively.

There are great differences in geographical environment and climate among different
regions. The weather system moving from west to east interacts with special topography
and geomorphology, make Xinjiang to be one of the regions with serious snow disasters in
China (Figure 1). The occurrence and intensity of snow disasters are related to many factors,
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such as a snowfall in the winter half-year, depth of snow cover, duration of snow cover,
and degree of cooling after snow, etc., but it mainly depends on the amount of precipitation.
According to the causes of snow disasters, they can be divided into two categories. One
is the disasters caused by short-term weather processes, such as a snowstorm, blizzard,
sleet, avalanche, etc.; the other is the disasters caused by heavy snow or several weather
processes and last for a long time, including climate disasters caused by excessive snow in
the whole winter. The former accounts for 81.4%, while the latter accounts for 18.6% [37].
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Figure 1. Distribution of meteorological stations in Xinjiang (the blue squares represent the meteoro-
logical stations in northern Xinjiang, and the purple squares represent the meteorological stations in
southern Xinjiang).

2.2. Urban Snow Disaster Meteorological Classification

Within natural hazard research, hazards themselves are a critical component of risk
and are defined as a function of the probability and intensity of an event, i.e., the likeli-
hood that an event will occur at a given site based on intrinsic properties and dynamic
characteristics of that site combined with the overall magnitude of the event [38]. A snow
disaster is a natural disaster caused by snow, snowstorms and avalanches, which seriously
affects the survival and health of people and animals, or causes damage to transportation,
power and communication systems. The probability of a snow disaster occurring at a given
point in time is dependent on specific local conditions, including meteorological conditions
(temperature/snowfall/wind, etc.). Here, we take a consequence based on the meteorolog-
ical standard “Meteorological grades for urban snow hazard” (QX/T 178-2013) [39] and
focus on quantifying the intensity of snow disasters. We then extract seven meteorologi-
cal features of accumulative snowfall, daily maximum snowfall, snow depth, number of
consecutive snowfall days, daily minimum temperature, daily maximum wind speed and
daily minimum relative humidity in the period of 1961-2020 and calculate the urban snow
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disaster meteorological index of 83 national meteorological stations located in counties
(cities) in Xinjiang (Equation (1)).

I =1Ig+1Irpm+ Ip + In + It + Iy + IRy 1)

where:

I—The urban snow meteorological index;

Ir—The component of the urban snow meteorological index corresponding to the
accumulated snowfall;

Irp—The component of the urban snow meteorological index corresponding to the
maximum daily snowfall;

Ip—A component of the urban snow meteorological index corresponding to snow
depth;

IN—A component of the urban snow meteorological index corresponding to the
number of consecutive days of snowfall;

IT—A component of the urban snow meteorological index corresponding to the daily
minimum temperature;

Iw—A component of the urban snow meteorological index corresponding to the daily
maximum wind speed;

Irg—A component of the urban snow meteorological index corresponding to the daily
minimum relative humidity.

The values of each impact factor in the formula are shown in Table 1 [39].

Table 1. The corresponding component value of each meteorological factor in the urban snow disaster
meteorological index.

Nsuer;lla)]er Meteorological Factor The Corresponding Component Value in the Urban Snow Disaster Meteorological Index
1 Accumulated snowfall/mm <49 5.0~9.9 10.0~19.9 20.0~29.9 30.0~39.9 >40.0
Ir 8 16 24 32 40 48
The maximum daily <24 2.5~4.9 5.0~9.9 10.0~19.9 20.0~29.9 >30.0
2 snowfall/mm
Irut 8 16 24 32 40 48
3 Snow depth/cm <99 10.0~19.9 20.0~29.9 30.0~39.9 40.0~49.9 >50.0
Ip 4 8 12 16 20 24
The number of consecutive
4 days of snowfall/d ! 2 34 56 78 =9
In 3 6 9 12 15 18
Daily minimum <-15.0 ~149~-10.0  —99~-70  —69~-50  —49~-30  —29~-10
5 temperature/°C
It 3 6 9 12 15 18
Daily maximum wind <15 16~3.3 34~54 55~7.9 8.0~107 >108
6 speed/(m/s)
Iy 2 4 6 8 10 12
Daily minimum relative
>
7 humidity /% <499 250
Irey 4 8

According to Table 2 [39], urban snow disaster in Xinjiang is divided into four levels:
light, medium, severe and extremely severe.

Table 2. Classification of urban snow disasters.

Grade Grade Description Index Range
I Light [34, 44]
I Medium [45, 70]
I Severe [71,99]
v Extremely severe [100, 192]
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Annual snow records begin in July and end in June of the following year. That
from July 1961 to June 1962 is the 1961 snow record, and so on, and the 60-year time
series extends from 1961 to 2020. Then, the number of snow disasters of all grades from
each meteorological station was counted for each year. The number of snow disasters at
all grades in Xinjiang, North Xinjiang and South Xinjiang each year is the total number
of snow disasters of all meteorological stations in the region. The median value of the
box-plot diagram is the median value of all stations in the region, as well as the 25%
and 75% percentile values of the annual cumulative frequency of each station in the
study period. The upper and lower bounds are the maximum and minimum values,
respectively. The 83 meteorological stations in Xinjiang are divided into 43 stations in
northern Xinjiang and 40 stations in southern Xinjiang, and Figure 1 shows the specific
distribution. A comparative analysis was made between 1961-1990 (the previous 30 years,
discussed below) and 1991-2020 (the last 30 years, discussed below).

2.3. Sen Slope Estimation and the Mann—Kendall Test

The Theil-Sen median method (also known as Sen slope estimation) was used to
calculate the magnitude of the trends in the frequency of snowstorm occurrences by classes,
and then the Mann-Kendall (MK) test was used to determine the significance of the trend.
Sen slope estimation is a robust nonparametric statistical method for calculating trends.
The MK test is a nonparametric test for assessing trends in time series data [40,41], which
does not require the measurements to obey a normal distribution. It has been used with
great success in studies related to hydrological and meteorological trend changes.

2.4. Atmospheric Characteristic Indices

Atmospheric circulation change is one of the main factors affecting climate change
and influencing natural hazards. However, due in part to the absence of sufficient data,
few studies have considered the temporal trend in the circulation characteristic quantity
indices. Here, we combine qualitative information obtained from the Northern Hemisphere
Polar Vortex Central Intensity Index (NHPVCI), the Arctic Oscillation Index (AO) and
India-Burma Trough Intensity Index (IBTI) to provide a proxy for the correlation and trend
of snow disasters. These indices are from the website of National Climate Center, China
Meteorological Administration (http://cmdp.ncc-cma.net/download/Monitoring /Index/
M_Atm_Nc.txt, accessed on 30 January 2022). While these indices provide a useful metric
for assessing climate change, their influence on snow disasters is not readily known. Thus,
the relationship between circulation indices and the frequency of snow disasters during the
winter months is assessed.

NHPVCI refers to the total air mass between the 500 hPa isobaric surface and the
constant-height surface of the southern boundary contour of the polar vortex (Table 3)
within the entire Northern Hemisphere. The AO is the normalized time coefficient of the
first mode from the empirical orthogonal function analysis (EOF) of the 1000 hPa height
anomaly field in the 20° N-90° N, 0-360° region.

Table 3. The southern boundary characteristic contour of the northern polar vortex of the 500 hPa
layer in each month.

Month

1 2 3 4 5 6 7 8 9 10 11 12

Characteristic contour/dagpm 548 552 552 552 560 568 572 572 568 564 556 552

3. Results
3.1. Analysis of the Spatial and Temporal Variability of Urban Disasters in Xinjiang
3.1.1. Spatial Distribution of Different Grades of Snow Disasters

The average annual cumulative frequency of urban snow disasters in Xinjiang was
771 events per year, of which 86% occur in the north and 14% are in the south. From the
annual frequency of snow disaster occurrence in cities of various categories from 1961 to
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2020, it could be seen that the spatial distribution of snow disasters varies significantly in
Xinjiang, with more in the north and less in the south, as shown in Figure 2. Snow disasters
in the south are mainly light or medium, and severe and extremely severe disasters rarely
occur. The frequency of light snow disasters was more than three events per year in
northern Xinjiang (high-value zone reaches 9-11 events) and less than three events per
year in southern Xinjiang. The distributions of the frequencies of medium and light snow
disasters were roughly the same, but the station number, with six or more medium-grade
events per year, was less than that of light snow disasters. Severe snow disasters occur in
one to three events per year, and extremely severe disasters occurred less than one event
per year in most stations of northern Xinjiang.
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Figure 2. The spatial distribution of the mean annual number of different grades of urban snow
disasters in Xinjiang (the color scale indicates the number of events) (light (a), medium (b), severe (c),
extremely severe (d)).

By analyzing the regional proportion of the annual frequency of each grade of snow
disasters, Figure 3 shows that the frequencies of light and medium snow disasters accounted
for 44% and 42%, respectively, in Xinjiang, while severe disasters accounted for 12% and
extremely severe disasters accounted for approximately 2%. The frequency of all grades
of snow disasters in northern Xinjiang was generally consistent with that of the whole
region. In the southern region, the frequency of light snowstorms was the largest at 55%,
followed by medium snow disasters at 36%, severe at approximately 8%, and extremely
severe rarely occurring.
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Figure 3. The percentage of urban snow disaster of different grades in Xinjiang, northern and
southern regions in different periods of time from 1961 to 2020.

Figure 4 shows the proportions of the frequency of each grade in northern and south-
ern Xinjiang. In northern regions, the frequency of light-grade snowstorms accounted for
more than 70% of the total snowstorms in the whole region, with medium-grade snow-
storms accounting for approximately 90%. The median cumulative frequency of snow
disasters was 423, 410, 94 and 11 events per year for each grade from light to extremely
severe, respectively.

3.1.2. Spatial Distribution of Trends in Different Grades of Snow Disasters

Figure 5 shows the spatial distribution of snow disaster trends across Xinjiang in the
last 60 years. The frequency of severe snow disasters has increased and the frequency
of light storms has decreased significantly in northern Xinjiang, with significant changes
mainly occurring in the snow-rich Altai region, Tacheng Basin, Yili Valley and the northern
slopes of the Tianshan Mountains. The occurrence frequency of extremely severe snow
disasters was low, and the trends in their occurrence were not obvious (Figure omitted).

Calculating the significance of the trends of different grades of snow disasters at all
stations in Xinjiang, “extremely significantly decrease (or increase)” and “significantly
decrease (or increase)” indicate passing the significance test of o = 0.01 and « = 0.05,
“No trend” indicates not passing the significance test of o = 0.05. Statistical analysis
showed the number of stations with a significant decrease in the frequency of light snow
disasters and a significant increase in medium and severe snow disasters in Xinjiang over
the last 60 years. Among them, the frequency of light snow disasters had significant
and extremely significant decreases in 28% and 8% of all stations in Xinjiang over the
last 60 years, respectively. Approximately 5% and 1% of stations had a significant and
extremely significant increase in medium snow disasters, and 5% and 12% of stations had a
significant and extremely significant increase in severe snow disasters. The overall trend in
the frequency of extremely severe snow disasters was not significant (Figure 6).

In the last 60 years, the frequency of the light grade urban snow disasters showed
a significantly decreasing trend, with a decreasing rate of 29.0 events-decade™! in the
whole area. However, the medium, severe and extremely severe grades showed an in-
creasing trend, with increasing rates of 6.0 events-decade !, 9.9 events-decade !, and
2.4 events-decade ™!, respectively. The variation in the frequency of snow disasters in
the northern and southern areas was consistent with the trend in the whole region. In
northern Xinjiang, the frequency of light snow disasters decreased significantly, with a
rate of decrease of 15.8 events-decade™!; the frequency of medium, severe and very se-
vere snow disasters increased significantly, with rates of increase of 14.2 events-decade !,
11.3 events-decade-1 and 2.9 events-decade!. In southern Xinjiang, the rate of decrease
in the frequency of light snow disasters was 2.7 events-decade !, and the rates of in-
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crease in medium, heavy and extremely heavy snow disasters were 2.2 events-decade !,
1.7 events-decade !, and 0.3 events-decade ™!, respectively (Figure 7).
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Figure 4. Annual frequency of urban snow disasters in different grades in Xinjiang, northern and
southern regions in different periods of time from 1961 to 2020.
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Figure 5. Spatial distribution of the linear trends in the frequency of urban snow disasters in Xinjiang
(Unit: events/10 yr) (Light(a), Medium (b), Severe (c)) (e indicates passing the significance test of
o = 0.05, O indicates not passing the significance test of o« = 0.05).
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Figure 6. The fraction of stations with different levels of significance in the trends of urban
snow disasters.
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Figure 7. The interannual variation in the frequency of urban snow disasters from 1961 to 2020, given
as anomalies relative to the mean values for 1961-1990.

3.1.3. Different Grades of Urban Snow Disaster Frequency at Different Periods

From 1961-1990 to 1991-2020, light snow disasters increased at 75% of the stations,
whereas medium snow disasters increased at 71%, and severe and extremely severe snow
disasters at about 92% of the stations (Figure 8). In terms of spatial change, the areas with
the greatest increase in the annual frequency of severe and above-grade snow disasters
and the areas with the greatest decrease in light snow disasters are mainly in northern
Xinjiang, including the Altai region, Tacheng Basin, Yili Valley and the northern slope of
the Tianshan Mountains, as shown in Figure 9.
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Figure 8. The percentage of stations with increasing or decreasing trends in the annual frequency of
different grades of urban snow disasters in Xinjiang from 1991 to 2020 compared with 1961-1990.
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Figure 9. Comparison of the difference value of the annual average frequency of different grades of
urban snow disasters in Xinjiang from 1991 to 2020 with that from 1961 to 1990 (Light (a), Medium
(b), Severe (c), Extremely severe (d)).

Compared with 1961-1990, the annual average cumulative frequency and maximum
and minimum frequencies of light snow disasters all showed a significant decrease and
an increase in medium and above-grade snow disasters during the period of 1991-2020
(Figure 4). In Xinjiang and northern Xinjiang, the annual frequency of light snow disasters
decreased by approximately 20%, while the medium frequency increased by 7% and
9%, the frequency of severe events increased by 70% and 50%, and the frequency of
extremely severe events increased by 100%. In the last 30 years, the average annual
frequency and the maximum and minimum frequencies of light and medium snow disasters
decreased compared with that of 1961-1990, while severe and extremely severe snow
disasters increased in southern Xinjiang. The annual frequency of severe snow disasters
increased by 83%, and light snow disasters decreased by 6%, while the frequency of medium
and extremely severe snow disasters did not change much.

Figure 3 shows that the proportions of the frequency of light, medium, severe and
extremely severe snow disasters in the region were 49%, 40%, 10% and 1%, respectively,
during 1991-2020 and were 39%, 44%, 15% and 2%, respectively, in 1961-1990. Compared
with the previous 30 years (1961-1990), the proportion of light snow disasters decreased by
10%, medium and severe snow disasters increased by 4% and 5%, and extremely heavy
snow disasters increased by 1%. The changes between these two periods in the north
and the south were basically consistent with the whole region, but the change in northern
Xinjiang was more significant than that in southern Xinjiang.
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3.2. Relationship between Urban Snow Disasters and Atmospheric Circulation Indices

The frequency of urban snow disasters in Xinjiang was well correlated with the
NHPVCI, IBTI and AO during the winter half-year (September to February), autumn
(September to November) and winter (December to February) (Table 4). The results showed
that medium and above snow disasters in northern Xinjiang were positively correlated
with the NHPVCI and IBT], especially severe and extremely severe snow disasters, which
were significantly correlated with both indices during the cold season and the winter, and
the correlation coefficients pass the significance test of o« = 0.01. Furthermore, light snow
disasters were negatively correlated with both indices, but they did not pass the significance
test. In northern Xinjiang, the different grades of snow disasters were negatively correlated
with AO in the cold season and the winter, with a significant negative correlation for
extremely severe snow disasters and a nonsignificant positive correlation with AO in
autumn. In southern Xinjiang, severe snow disasters were significantly and positively
correlated with the IBTI in the cold season and autumn, and the other grades of snow
disasters were generally not significantly correlated with the above three circulation indices.

Table 4. Correlation analysis between the frequency of urban snow disasters of different grades and
the atmospheric circulation index during the cold season in northern and southern Xinjiang.

Northern Hemisphere Polar India-Burma Trough

) . Vortex Central Intensity Index Intensity Index AO
Region Projects
Winter . Winter . Winter .

Half-Year Autumn Winter Half-Year Autumn Winter Half-Year Autumn Winter

Light ~0278 ~0.154 ~0.062 —0.241 0241 ~0.254 ~0.061 0.038 ~0.094

Medium 0.136 0.134 0.186 0.351* 0.340 * 0.342 % —0.093 —0072  —0.077

Northern Severe 0.484 ** 0336*  0453*  0.535* 0497* 0510 * —0.211 ~0159  —0.193
Eétgszily 0.507 ** 0333*  0478* 0434 * 0372%  0.388** ~0.397 ** 0217  —0.353*

Light ~0.155 —0.247 ~0.115 0.043 0.066 ~0.022 ~0.131 0.051 0177

Medium ~0.013 ~0.018 —0.054 0.116 0.139 0.084 —0.068 0.086 —0.049

Southern Severe 0.134 0.037 0.092 0.344 * 0.349 * 0.278 ~0.168 0047  —0.108
Extremely ~0.093 ~0.021 ~0.082 0.185 0.263 0.123 ~0.046 0086  —0.002

severe

Note: * indicates significance at the a = 0.05 level, ** indicates significance at the « = 0.01 level.

4. Discussion and Conclusions

This study analyzed the spatial and temporal patterns of the frequency of different
grades of urban snow disasters in Xinjiang from 1961 to 2020 and the relationship between
them and the atmospheric circulation indices during the cold season of the Northern
Hemisphere, which are summarized as follows.

In the context of global warming, the frequency of light snow disasters has decreased
significantly in the last 60 years, while the frequency of severe and extremely severe
snow disasters has increased significantly. The regions with significant changes were
mainly located in the Altai region, Tacheng basin, Yili valley and the northern slopes of
the Tianshan Mountains, which were also the areas with the most snow and frequent
snowstorms in Xinjiang, which was consistent with the regions where the number of
snow days with snow depths >20 cm and the number of severe snowstorm processes had
increased significantly since the 1980s [42—44]. This change was even more pronounced in
1991-2020 and occurred in more than 70% of Xinjiang, and severe and extremely severe
snow disasters increased in 92% of the regions. Compared to the previous 30 years, the
average annual frequency and the maximum and minimum frequencies of snow disasters
grades medium and above all increased, especially the frequency of severe and extremely
severe events, which increased by more than 70%, and the frequency of light events, which
decreased by approximately 20%.

The frequency of severe and extremely severe snow disasters in northern Xinjiang
was significantly positively correlated with the NHPVCI and IBTI, and the frequency of
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extremely severe snow disasters was significantly negatively correlated with the AO in
the cold season and the winter. Severe snow disasters in southern Xinjiang are positively
and significantly correlated with the IBTI during the cold season and autumn. It had been
suggested that the temperature, precipitation, and heavy snowfall of northern Xinjiang in
winter were closely related to the location and intensity of the polar vortex [45,46], which
was also consistent with the findings of this study.

It is important to note that extreme weather and climate events are frequently oc-
curring in the context of global warming. It has particularly impacted Xinjiang in recent
years, leading to an increased risk of snow disasters. For example, the winter of 2010
was characterized by severe cold waves and strong breezes in northern Xinjiang, with
10 extreme snowstorms. Furthermore, a study showed that the mean contribution of ex-
treme precipitation (defined as daily precipitation exceeding its 95th percentile) to total
precipitation in Xinjiang was greater than 26%, with an increasing trend for both rain and
snow [47]. The number of snowfall days and the amount of snowfall were mainly increased
by moderate snow and heavy snow, and the snowfall intensity was mainly increased by
blizzard intensity. The contribution of light snow to the number of snowfall days and
the amount of snowfall showed a decreasing trend, the other levels showed an increasing
trend, and the contribution of medium snow days and heavy snow amounts was the most
obvious [48]. This is in line with our findings, which showed an increase in the frequency
of medium and above snow disasters, a significant increase in severe and extremely severe
snow disasters, and a significant decrease in light snow disasters in Xinjiang. The interan-
nual variations in severe and extremely severe snow disasters showed that these events
have been relatively frequent during the last 30 years, and it is necessary to expand the
research on the causes and effects of snow disasters to reduce the disaster losses caused by
extreme weather and climate events in Xinjiang.

This study focuses on the spatiotemporal variability of the occurrence frequency of
urban snow disasters in Xinjiang over the past 60 years and the relationship between that
variability and the atmospheric circulation indices in the Northern Hemisphere. However,
future research will focus on studying the impact that atmospheric circulation in the
Northern Hemisphere and greenhouse gas and aerosol emissions have on snow disasters
in Xinjiang.
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