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Abstract Inner Mongolia, located in the northern China, is a natural disaster-prone region.
This study is dedicated to making a comprehensive and quantitative analysis of the tem-
poral—spatial patterns and its scale dependence of atmospheric and hydrological natural
disaster frequency and intensity and its trend and correlation among them at 10-, 50- and
100-year cycle during recent 500 years by spatial statistics and geographical information
system. The results indicated that the occurrence frequency and intensity were generally
increased during last 500 years, with accelerating rate in recent one century, more obvi-
ously for drought and flood. The parts in southwest, middle and northeast region have
suffered severe disaster pressure with an evident ascending trend. The scale dependence in
temporal and spatial patterns of atmospheric and hydrological natural disasters was found.
Totally, the disasters showed a clustered distribution during recent 500 years while snow
dispersed during 1516-1615 and 1816-1915. By M-K test, the intensity of drought at
10-year cycle and flood at 50-year cycle, the frequency of hail and flood at 50-year cycle
have significant increasing trend. Flood and hail mainly appeared in the middle, north and
northeast parts, while wind appeared in most counties and snow scattered in the region. It is
also found a close association among various disasters in either occurrence or intensity.
Snow, hail and wind have significant opportunities to simultaneously happen at 10- and
50-year cycles. Hail has more chances to occur with flood, snow at all cycles, with drought
at 10- and 100-year cycle, and wind at 10- and 50-year cycle. This study is anticipated to
support the mitigation of natural disasters and to improve the management practices of
environment system in a large-scale region.
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1 Introduction

Climate change is influencing our earth, and natural disasters are found likely to become
more frequent, more severe, and sustained along with climate change (Du et al. 2015;
Easterling 2000). Within the context of natural disasters, variation and trends of extreme
climate events, such as severe drought, instant flood, heavy snow, wind and hail, have
recently received much attention, as they are more sensitive to climate changes than other
disasters (Wang et al. 2013). Since the changes in the frequency or intensity of extreme
weather and climate events would have more great impacts on both human society and
natural systems than the mean climate variables (Easterling 2000; Hu et al. 2016), the
behaviors of natural disasters have attracted more and more attentions.

The spatial-temporal patterns of natural disaster can strongly influence regional agri-
culture, raising livestock, population, consequently, economies determining the live level
and society progress (Martins et al. 2012; Pfahl and Wernli 2012; Wang et al. 2015).
Therefore, it is necessary to understand the spatial-temporal pattern change of natural
disasters. However, most of the previous studies have concentrated on a certain type of
natural disasters, and few studies have explicitly explored the spatial dynamics of natural
disasters using a long-term sequence (Dahal et al. 2016; Yi et al. 2012). Still, it is found
existed spatial dependence for analyzing the spatial pattern of some types of natural
disasters (Bernard et al. 2013) in that extent and sample size used in analysis can influence
the results of spatial calculation, indicating a cluster, random or scatter pattern at different
scales (Wang et al. 2015; Weng et al. 2015). It is worthwhile to note that the scale
dependence in time series can image the more detail dimension thus as to learn more of
characteristics of natural disasters (Lopes et al. 2016; Wang et al. 2015). Although several
attempts have been made over the past decade to analyze the spatial and temporal pattern
of natural disasters in the earth (Afshar et al. 2016; Jia et al. 2016; Wang et al. 2014), or in
arid/semiarid areas (Hu et al. 2016; Yi et al. 2012; Zarei et al. 2016), no comprehensive
research has been conducted on temporal scale dependence of disasters during a period of
500 years. Hence, it is necessary to investigate the scale dependence in occurrences and its
intensity along a time series; it would be more helpful if time sequences last longer.

A major portion of the continent’s land area on the earth is covered by arid regions. The
natural disasters in arid or semiarid region to be believed are more sensitive to climate
change than other humid regions in the world (Harrington et al. 2016; Tabari et al. 2012).
Arid and semiarid areas in the continent have sparse vegetation, and small carrying
capacity (Seo 2015). Rainfall variability and fluctuations are inherent to arid and semiarid
lands, which have always displayed a tendency to show rapid land surface change in
response to relatively slight environmental change (Modarres and da Silva 2007). Which
makes it more vulnerable to atmospheric and hydrological natural disasters, especially for
drought, flood, hail, frost and heavy snow as compared with other areas (Hu et al. 2016;
Tabari et al. 2012; Tan et al. 2015). Still, arid and semiarid areas in the earth mostly are
stroked in desertification and prone to poverty (Green 2016; Mu and Chen 2016). These
fragile society and unsteady environments are vulnerable to atmospheric and hydrological
natural disasters (Zhou et al. 2014). The more frequency and intensity of the disasters along
undergoing climate changes, combined with vulnerability in society and environments,
make it crucial necessary to be focused on the atmospheric and hydrological natural
disasters in arid areas by researchers, politicians and related stakeholders.

In Inner Mongolia, located in the midlatitude belt of arid and semiarid regions of the
earth, more than 75% of its area has been classified as arid or semiarid (Lin et al. 2011; Liu
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et al. 2016). Inner Mongolia is an important production and processing base for livestock
products and crop farming, and also one of the 13 major grain producing areas in China
(Lin et al. 2011; Liu et al. 2016). Atmospheric and hydrological natural disasters in this
region were identified as high-frequency risk (Jia et al. 2016) and have a high spatial and
time variability (Hu et al. 2016), and disaster periods and their effects are of great concern
to combat desertification and poverty alleviation (Li et al. 2014). Therefore, to explore the
temporal—spatial variability of atmospheric and hydrological natural disasters using a long-
term sequence in Inner Mongolia has great meaning in both practice and theory for natural
disaster study.

Here, we analyzed the spatial and temporal pattern and its scale dependence for the
main five atmospheric and hydrological natural disasters during 500-year period in the
Inner Mongolia, northern China, in which the main objectives of the study were: (1) to
identify the spatial distribution and temporal variability of five atmospheric and hydro-
logical natural disasters in recent 500 years; (2) to discover the scale dependences at the
10-, 50- and 100-year cycles; (3) to detect the correlations among different atmospheric
and hydrological natural disasters at various temporal cycles.

2 Study area and methods
2.1 Study area

Inner Mongolia Autonomous Region (hereafter as Inner Mongolia), China, is located
between 37°24'-53°23/N and 97°12'-126°04’'E with a mean elevation of 1014 m. As the
largest grassland and the third largest province in China and an autonomous region, it
covers an area of 1.18 million km?, which accounts for 12.3% of the country’s land
territory. Inner Mongolia, with a temperate continental monsoon climate, has a cold and
long winter with frequent blizzards and a warm and short summer. Except for the relatively
humid Greater Hinggan Mountain area, most of the Inner Mongolia is arid, semiarid or
semihumid from west to east. The average annual temperature is in the range of 1-15 °C,
and the annual average precipitation ranges from 50 to 500 mm. The main land use
categories are grassland, forest and arable land, accounted for 59.9, 16.4 and 7.3% of total
area, respectively.

2.2 Data source

The raw data source utilized in this research includes the statistical data of five atmospheric
and hydrological natural disasters and administrative map of Inner Mongolia in vector
format. The atmospheric and hydrological natural disasters data from 1516 to 2015 in the
present study were obtained from the printed books by Inner Mongolia Government:
Historical Materials of Natural Disasters in Past Ages in Inner Mongolia (1982) (data of
B.C. 244-A.D. 1949), Continued Edition of Historical Materials of Natural Disasters in
Past Ages in Inner Mongolia (1988) (data of 1949—1986), and the published books: Annals
of Natural Disasters in Inner Mongolia (2001) (data of 1986-1999), Meteorological
Yearbook of China (2016) (data of 2000-2015), including start and end dates, affected
areas, as well as losses on population, housing and the economy of every county. By
analyzing all atmospheric and hydrological natural disasters, the disaster of drought, flood,
heavy snow, heavy hail and strong wind (hereafter as drought, flood, snow, hail and wind)
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was selected as the main ones in this study. The above books collected historical natural
disaster data from B.C.244 to A.D.2015 by the specialized organizations of successive
governments in different periods by following the principle of respecting historical fact,
deleting the superstitious information and logging data in chronological order. Recording
in a professional method by successive governments, with high consistent in standard,
these can guarantee the authority of data quality for various atmospheric and hydrological
natural disasters during 500-year period.

In this study, county level was taken as basic unit to analyze the spatial-temporal
characteristics and evolutionary trend of natural disaster. The county-level civil affair
departments in China are the grassroot units responsible for the prevention of natural
disasters and the implementation of relief work. The data source from the mentioned books
of natural disasters also has used the county as the smallest statistical unit, and therefore,
we used the county as the unit for spatial pattern analysis.

To establish the natural disaster database of Inner Mongolia, this study inputted sta-
tistical data of every disaster in each county from 1516 to 2015 including frequency,
intensity, location and date as an attribute of administrative map of Inner Mongolia in 2015
by GIS technology. The intensity of each kind of disaster was classified into three degrees:
light, moderate and severe according the original records, quantified as 1, 2 and 3,
respectively, as to make further statistical analysis. The annual total intensity value of each
disaster in one county is equal to the intensity multiplied with frequency and then summed.
The annual total intensity value of all disasters in one county is the sum of intensity values
of every disaster.

In order to guarantee the spatial accurate, by maintaining the integrity and consistency
of administrative boundaries, the administrative boundaries in the above materials during
different dynasties were converted to the administrative boundaries in 2015 according to
historical evolution of the administrative boundaries of Inner Mongolia.

2.3 Changing trend analysis

The Mann-Kendall (M-K) test is acknowledged as an effective tool for identifying
whether or not trends exist in the time series data, and has been widely used in natural
disaster analysis (Du et al. 2015). In this study, the M—K test was employed to analyze the
atmospheric and hydrological natural disaster changing trend.

2.4 Spatial pattern analysis

The spatial distributions of disasters are uneven; thus, it is necessary to quantify the spatial
pattern changes of disasters. Moran’s I is the most commonly used to measure the degree
of spatial concentration or dispersion of disasters at a global scale (Du et al. 2015), the
index of which ranges from —1 to 1, indicating clustered to dispersed pattern. In our study,
Moran’s I was employed to evaluate the spatial pattern of disasters and the analysis was
conducted by geographical information system software: ArcGIS 10.2.

2.5 Cluster analysis
Cluster analysis is a statistical technique in which structure in an unlabeled data set is
identified and data are objectively organized into homogeneous groups, where the within-

group-object dissimilarity is minimized and the between-group-object dissimilarity is
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maximized (Wang et al. 2015). Clustering analysis was used in this study to identify the
zoning of all counties of Inner Mongolia. Hierarchical cluster analysis (flexible f§ linkage,
p = 8~15, squared Euclidean distance, data relativized by maximum) of total atmo-
spheric and hydrological natural disaster intensity of every county in Inner Mongolia was
performed with the Statistical Package for the Social Sciences (SPSS, Chicago, Illinois,
USA) to determine the zoning of atmospheric and hydrological natural disaster at county
level.

2.6 Correlation analysis

Correlation analysis was employed to examine the relationships among various atmo-
spheric and hydrological natural disasters. The correlation coefficient, which is known as
R?, is between 0 and 1, indicating the strength of the association between two types of
disasters. Pearson’s significance test was performed at 0.05 and 0.01 level by the Statistical
Package for the Social Sciences (SPSS, Chicago, Illinois, USA).

3 Results
3.1 The temporal variability

Figure 1 indicates that the frequency and intensity of atmospheric and hydrological natural
disasters in Inner Mongolia increased with accelerating speed from 1516 to 2015. After
1915, all disasters increased with boomingly rate than before. Among all disasters, drought
and flood have the high happening frequency and intensity, hail and wind followed, and
snow has the lowest value.

The changes of atmospheric and hydrological natural disasters at time scale of 10-, 50-
and 100-year cycle showed different patterns (Fig. 2). At 10-year cycle, both the frequency
and intensity of all disasters waved sharply, yet it has a smooth increased trend within
recent 50 years. At 50-year cycle, the happening frequency of all disasters displayed a
smooth increase trend, while the intensity waved at the middle stage except drought has a
steady increase during 500 years. At 100-year cycle, both the happening frequency and its
intensity of all disasters have a linear increase trend except that of snow intensity.

3.2 The spatial variability

The atmospheric and hydrological natural disaster not only exhibited highly temporal
variability, but also exhibited an uneven pattern in spatial distribution (Fig. 3). Drought
disaster mainly happened in the west southern of Inner Mongolia, slightly in the northern
and northeastern. Flood and hail mainly distributed in the southeastern and southern Inner
Mongolia. Snow clustered in the middle region. Wind prevailed in the southeastern and
western region. The total frequency of all disasters was relatively higher in the middle
region.

By considering the intensity, the spatial distribution of atmospheric and hydrological
natural disasters was slightly differed from those of frequency (Fig. 4). Drought disaster
has almost same distribution, differed in that it more clustered in several western and
southwestern counties. Flood mainly focused on several middle counties. Snow scattered in
northeast region, indicated a pattern of lower in frequency and higher in intensity. Wind
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Fig. 1 Frequency and intensity changes of every and total atmospheric and hydrological natural disaster in
Inner Mongolia, China, during 1516-2015

and hail were almost same with that in frequency, respectively. The overall intensity of
disasters is more distributed on southwest, middle and northeast region of Inner Mongolia,

China.

3.3 The spatial patterns

Table 1 shows the Moran’s I varied among different atmospheric and hydrological natural
disasters during 500-year period. The value of Moran’s I ranges from 1 to —1 indicates that
the spatial pattern was either clustered, random or dispersed. It is noticed that the values of
all disasters showed positive, indicating slight clustered pattern. Among them, snow has a
relative higher clustered pattern, drought followed, and then were hail and wind, and flood
has the least value. All values passed the significant test at 0.05 level.

As for the Moran’s I of 100-year cycle, it has a different performance (Table 2).
Drought and hail have a significant cluster pattern during 500 years. Flood also showed the
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Fig. 2 Frequency and intensity series of every and total disasters at the time scale of 10-, 50- and 100-year
cycle, respectively, in Inner Mongolia, China, during 1516-2015 (Dotted line indicates happening intensity,

and solid line indicates happening frequency)

same pattern while it has not reached significant level (p > 0.05) during 1716-1815. As for
snow, it has different pattern in different periods: a significant cluster pattern during the
period of 1616-1715 and 1916-2015, a nonsignificant cluster pattern during 1716-1815
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Fig. 3 Maps indicated the spatial distribution of total frequency in atmospheric and hydrological natural
disaster in Inner Mongolia, China, during 1516-2015

and a disperse pattern during 1516-1615 and 1816-1915. Hail and wind have a significant
cluster pattern during each period, except that of 1516-1615 which has not reached a

significant level.
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Fig. 4 Maps indicated the spatial distribution of total atmospheric and hydrological natural disasters
intensity in Inner Mongolia, China, during 1516-2015

Table 1 Moran’s I of different atmospheric and hydrological natural disasters in recent 500 years

Items Drought Flood Snow Hail Wind
Frequency 0.322 0.154 0.332 0.256 0.256
Intensity 0.340 0.186 0.476 0.303 0.233

All values have the significance at 0.05 level
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Table 2 Moran’s I of different atmospheric and hydrological natural disasters at each period during
1516-2015

Period Drought Flood Snow Hail Wind
1916-2015 0.148821%* 0.161549%* 0.492318%* 0.215905%* 0.249128**
1816-1915 0.368221%* 0.107989%* —0.00652 0.311435%* 0.076593*
1716-1815 0.350199%* 0.069218 0.013823 0.138473%* 0.018059*
1616-1715 0.224576** 0.407642%* 0.507694* 0.270777%%* 0.022242*
1516-1615 0.199396** 0.109695%* —0.01952 0.130819%* 0.131913

* Indicates the significance at 0.05 level; ** indicates the significance at 0.01 level

Table 3 Trends of different

atmospheric and hydrological Cycle (yr) Items Drought Flood Snow Hail Wind
natural disasters at 10-, 50- and

100-year cycle during 10 Frequency 1.875 1.432  0.614 1.682 0.773

15162015, respectively Intensity ~ 2.454*  1.193  0.659 1.625  1.227

50 Frequency 1.216 2.170% 1.420 2.022*¥ 1.739

Intensity 1.284 2.000% 1.375 1.818 1.761

100 Frequency 0.432 1318 1.125 1.011  0.943

* Indicated the significant at 0.05 Intensity ~ 0.580 1330  1.080 1.011  0.955

level based on M—K test

3.4 The change trends

All disasters showed an increasing trend at all time scales (Table 3). It is obvious that the
intensity of drought at 10-year cycle, the frequency of hail and flood, as well as the
intensity of flood at 50-year cycle, have a significant increasing trend by M-K test.

The spatial distributions of trends in different disasters are shown in Fig. 5. It is indi-
cated that except drought intensity which has a declining trend in most parts of Inner
Mongolia, other disasters showed an increasing trend in study area at a 50-year cycle. For
drought density, west, north and east parts of the region showed a declining trend and
reached significant level in one county. The drought intensity also showed an increasing
trend which is scatterly distributed in middle and east parts of the region and even reached
significant level at several counties. The intensity of flood and hail has almost same trend
in spatial distribution. The middle, north and northeast parts have a significant increasing
trend. The wind intensity has a significant increasing trend in most counties. The trend of
snow intensity showed a different pattern that the significant trends scattered among the
entire study region. For overall intensity of all disasters, it demonstrated an increasing
trend through all counties, where the significant increasing trend scattered in several
counties in northwest, southeast and northeast parts of the region.

3.5 The zoning of atmospheric and hydrological natural disasters

Based on the intensity of five disasters, the zoning tree was produced, and the map was
created by merging the counties with similar characteristics and is displayed in Fig. 6. It
shows that the most counties have the similar characteristics as indicated in deep blue and
light blue, respectively. The counties in light blue indicated a region influenced by multiple
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Fig. 5 M-K tests of the trends in the intensity of atmospheric and hydrological natural disasters at 50-year
cycle during 1516-2015

disasters with relatively moderate intensity; the deep blue one indicated relatively low
intensity. These two categories of zones occupied almost two-third of the study region.
Snow and wind prevailed on two zones, respectively. The highest and higher disasters only
scattered in several small counties.
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Fig. 6 Classification tree and zoning map of atmospheric and hydrological natural disasters in Inner
Mongolia, China, based on intensity data during 1615-2015. The counties with same color indicated the
same zone for both above graph of clustered tree and below zoning map

3.6 The correlation among atmospheric and hydrological natural disasters

In order to identify the scale dependence of natural disaster, the correlation was analyzed at
10-, 50- and 100-year cycle, respectively (Table 4). The correlation coefficients demon-
strated a variability pattern in frequency and intensity at various temporal scales, i.e., the
scale dependence effect. For frequency, drought showed a positive relation to wind at 10-,
50- and 100-year cycle, to flood at 100-year cycle with significant level, to hail at 10- and
100-year cycle with significant level while it showed a significant negative relation to hail
at 50-year cycle and a nonsignificant negative relation with flood and snow at 10- and
50-year cycle. It is notable that hail, an instantaneous disaster, is positively related to flood
and snow at all cycles, with drought at 10- and 100-year cycle, and wind at 10- and 50-year
cycle.

For intensity, the correlations of hail with other disasters were enhanced at all cycles,
indicating robust positive relations. Snow showed significant positive relation with hail and
wind at 10- and 50-year cycles, with drought at 100-year cycle, significant negative
relation with drought at 50-year cycle.
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Table 4 Correlation coefficients among the frequency and intensity of five atmospheric and hydrological
natural disasters at 10-, 50- and 100-year cycle in Inner Mongolia during recent 500 years

Disaster Cycle (yr) Drought Wind Flood Snow Hail
Drought 10 1 0.065 —0.047 —0.134 0.259*
50 1 —0.028 —0.104 —0.274%* 0.077
100 1 0.089 0.145 0.223* 0.425%*
Wind 10 0.065 1 0.037 0.295%* 0.250%*
50 0.051 1 0.044 0.436+* 0.484+*
100 0.102 1 0.049 —0.157 0.233*
Flood 10 —0.047 0.037 1 0.209 0.122
50 —0.076 0.042 1 0.096 0.347+*
100 0.214* —0.085 1 —0.088 0.402+*
Snow 10 —0.134 0.295%* 0.209 1 0.219*
50 —0.086 0.438%* —0.050 1 0.470%*
100 0.035 —0.021 0.061 1 0.055
Hail 10 0.259" 0.250" 0.122 0.219° 1
50 —0.306%* 0.067 0.358%#* 0.185 1
100 0.248%* —0.110 0.317%* 0.188 1

Bold signal means the correlation analysis results for intensity, and the no mark values describe the results
for frequency

* Indicated significance at 0.05 level; ** indicated significance at 0.01 level

4 Discussion and conclusion

We took 500 years as the study period and 10-, 50-, 100-year as the temporal cycle for
analyzing the spatial and temporal pattern of five main disasters in Inner Mongolia based
on the disaster frequency and intensity. This study demonstrated a robust trend that disaster
has accelerated its frequency and intensity during recent 500 years. There were case
studies reported that the changing rate became more quickly in recent decades (Ge et al.
2016; Wu et al. 2015). As a longer time series, we found that climate extreme sharply
increased in recent 100 years than any period before. When there is increase in frequency
and intensity at inter periods, the fluctuation degree within period becomes narrower.
These results were same as reported before (Huang et al. 2015; Quan 2014). Totally,
drought and flood have more frequency and higher intensity than other disasters in this
temperate region. As some case studies indicated, although drought is a main disaster
limiting the vegetation growth in semiarid and arid areas (Hu et al. 2016), there also
existed flood in short time (Wang et al. 2013). Either drought or instant flood can bring
severe harm to grassland ecosystem (Hoover et al. 2014), which is widely distributed in
Inner Mongolia region.

The atmospheric and hydrological natural disaster also displayed uneven pattern in
spatial distribution, varied in frequency and intensity. The high intensity for all disasters
mainly appeared in southwest, middle and northeast parts of Inner Mongolia. For spatial
pattern indicated by Moran’s I, the frequency and intensity of five disasters showed a
clustered distribution in this region during recent 500 years. This clustered pattern indi-
cated that multiple atmospheric and hydrological natural disasters are tend to outbreak
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together, or following each other, at same locations (Yang et al. 2011). That is, it must exist
somewhat associations among the disasters. The Pearson’s correlation analysis surely
found such close association among multiple disasters in the present study. A clustered
pattern in environmental conditions may also attribute to the spatial distribution of dis-
asters (Martins et al. 2012; Busuioc et al. 2015). The trends of frequency and intensity also
demonstrated spatial variability. The middle, north and northeast parts of the region have a
significant increasing trend in the frequency and intensity of flood and hail. The wind
intensity has a significant increasing trend in most counties. Increasing trends of snow
intensity have a scattered distribution. A high variability existing in spatial distribution was
also found for climate extremes in northwestern China (Wang et al. 2013), the Tarim River
Basin (Yang et al. 2011) and alpine grassland (Hu et al. 2016) in Central Asia.

Except for spatial variability, the occurrences and change trend of disasters also
demonstrated a temporal variability and scale dependence. The frequency and intensity of
drought, flood, hail and wind had a clustered pattern during 500 years, while snow had a
dispersed pattern during 1516-1615 and 1816-1915. All disasters showed an increasing
trend at all cycles: 10-, 50- and 100-year cycle, indicating a significant level by M—K test
for the intensity of drought at 10-year cycle and flood at 50-year cycle, and the frequency
of hail and flood at 50-year cycle. These results can be validated by related previous
studies. For drought, increasing trend in this study was found located in high and very high
drought risk zones classified by He et al. (2013). The change trend map of annual pre-
cipitation in northeast China during 1957-2012 (Wang et al. 2015) also helps to validate
the drought trend in this study. High variability existing in change trend of disasters was
also confirmed by the study (Liu et al. 2016) in same region during 1960-2013. The
complicated spatial-temporal variability in change trend demonstrates the importance of
scale effects analysis in prediction of atmospheric and hydrological natural disaster. Based
on the total intensity of five disasters, by the hierarchical cluster analysis, the counties in
this region were clustered into six groups. Most counties have the similar characteristics
and hence were clustered into one group, the highest and higher extreme weather only
scattered in several small groups.

The investigation on the coexisted correlations among different natural disasters can
also help to improve the accurate of trend forecast (Martins et al. 2012; Pfahl and Wernli
2012). The emergence of one natural disaster could closely associate with other disaster
(Yang et al. 2011). As for this study, snow, hail and wind have significant chance to
simultaneously happen at 10- and 50-year cycles. Hail has more chances to occur with
flood, snow at all cycles, with drought at 10- and 100-year cycle, and wind at 10- and
50-year cycle. It is reported that the extreme precipitation and temperature over arid region
were tend to show high variations in temporal-spatial patterns which results in more
frequent droughts combined with higher intensity floods (Yang et al. 2011). Our study
confirmed this correlation effect at 100-year cycle and further found its temporal depen-
dence at various period cycles.

The atmospheric and hydrological natural disasters study, especially the temporal—
spatial variability and its scale dependence, could provide important information for the
adaptation and alleviation management of society and natural systems. There are more
characteristics that should be extracted from natural disaster data during the period of
500 years. More research work in the future, particularly the cycle and its possible
occurrences under the conditions of climatic changes, as well as the spatial pattern related
to environmental heterogeneity, is needed for a more profound understanding of the rules
in natural disasters over the arid and semiarid regions.
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