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Abstract

Under the background of climate warming, drought disasters occur frequently in China, especially in the Central China. In
this study, drought disaster grade sequences from 14 representative stations were chosen from 268 years of drought disaster
historical data for the Hunan Province of China collected during the Qing Dynasty (1644—1911). The empirical orthogonal
function (EOF) and rotated empirical orthogonal function (REOF) methods were used to conduct a spatial characteristics
analysis of these drought disasters. The results are as follows. (1) There was an inconsistency between the frequency and
intensity of the drought disasters. (2) The spatial distribution of the first four EOF loads for the drought disasters showed
regional consistency; however, there was a difference in the anti-phase changes in the east—west, south—north, and central
directions. (3) The features of the drought disaster distribution in the Hunan Province during the Qing Dynasty are evident,
and according to the high values (absolute value > 0.6) for the first six EOF rotational loads, the study area can be divided
into the following sections: northeast Xiang (Section I), west Xiang (Section II), southeast Xiang (Section III), middle Xiang
(Section IV), north Xiang (Section V), and southwest Xiang (Section VI). The study of drought disasters in Qing Dynasty
is of great significance and reference value for disaster prevention, disaster reduction and climate prediction.

Keywords Drought disaster - Spatial characteristics - Qing Dynasty - Hunan Province - Empirical orthogonal function -
Rotated empirical orthogonal function

Introduction

Drought is a weather phenomenon characterized by a
long-term lack of rain. When the overall precipitation is
not enough to support the human population’s needs, and
results in economic losses and human casualties, the event
is called a drought disaster (Wen and Jiang 2007). The main
consequences of prolonged periods of low precipitation are
a lack of surface water and a decline in groundwater levels.
Drought has become the most widespread climate disas-
ter (National Science and Technology Commission 1990).
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Continued warming of the global climate has led to more
droughts and increased drought losses (Xu et al. 2011). In
recent years, scholars from around the world have made
much progress in the study of droughts. Piervitali and Cola-
cino (2001) used historical literature to establish the drought
chronology of the Sicilian region from 1565 to 1915. Findell
and Delworth (2010) indicated that warm Pacific and Atlan-
tic Sea Surface Temperature (SST) anomalies can lead to
climate reversal and frequent flood, while Ummenhofer et al.
(2011) argued that the drought in southeastern Australia is
related to the influence of the Indian Ocean Dipole (IOD)
and the El Nino Southern Oscillation (ENSO). However,
applicable tools and their usefulness are still not sufficiently
studied. In the Hunan Province, which is a major grain-pro-
ducing area in China and has been frequently hit by floods
and droughts, relevant research is even more limited (Du
et al. 2013). Drought research outside China mainly focuses
on analyses based on meteorological observation data, while
the study of the timing and causes of droughts during histori-
cal periods is less of a focus.
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The results obtained by Du et al. (2013) indicated that
the upper reaches of the major rivers in the Hunan Prov-
ince have experienced more dry years than the middle and
lower reaches over the past 57 years. Furthermore, the
region shows a trend of becoming drier during the spring
and autumn seasons and wetter during the summer and win-
ter seasons. Guo et al. (2020) analyzed the temporal and
spatial variations of the two basins based on 33 rain-gauge
data series from 1960 to 2015 using statistical methods,
geographical information system spatial analysis and the
Mann-Kendall trend test. Guo et al. (2020) found that El
Nifio and Southern Oscillation events had significant rela-
tionships with negative monthly precipitation anomalies.
However, our understanding of long-term climate varia-
tions is limited by the shortage of meteorological records.
Paleoclimatic proxies can be pursued to extend the mete-
orological records back for centuries to improve our under-
standing of climatic conditions (Zhao et al. 2017). Xing
and Zhao (2011) pointed out that the frequent occurrence
of droughts in the Jinan area during the Ming Dynasty
were mainly caused by the apparent decrease in the annual
precipitation resulting from the cold and dry climate, and
that the El Nino phenomenon played a significant role in
increasing the number of the drought disasters in the area.
Li et al. (2015) through the consolidation of drought data in
the Henan region during the Ming Dynasty found that the
droughts were more concentrated during the spring, sum-
mer, and autumn, and that the droughts were less severe
during the middle and late periods of the dynasty. Yang and
Zhang (1994) pointed out that the quasi-periodic changes
of Hunan’s historical droughts occurred in cycles of 2-3,
18-22, 30-40, and 150-180 years, and the droughts were
far reaching and severe.

Zhang et al. (2013) used EOF, REOF and Morlet wave-
let analysis methods on modern meteorological observation
data to analyze the temporal and spatial variation character-
istics of meteorological drought days in the Hunan Province
from 1960 to 2009. Their results showed that the spatial
distribution of meteorological drought days in Hunan is
consistent in the entire region, but there are also differ-
ences between south and north, northeast and southwest,
with opposite changes. Zhang et al. (2018) analyzed the
distribution characteristics of summer and autumn droughts
and classified the types of these droughts in Hunan. Based
on the calculation and analysis of the variation character-
istics of drought and flood during the main flood season in
the Hunan Province, Luo and Zhang (2010) analyzed the
atmospheric circulation and its relationship with spring-sea
surface temperature. Luo et al. (2009) established a drought
disaster evaluation model for middle and late rice production
in the Hunan Province and provided the drought disaster
risk zoning of rice production in the Hunan Province. Mi
et al. (2016) analyzed the interannual variation and possible
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causes of summer drought in western Hunan. Xie and Zhu
(2005) analyzed the causes of floods and droughts in the
Hunan Province and considered Hunan’s special geographi-
cal location as one of the most fundamental reasons.

The Hunan Province is one of the most frequently
affected drought provinces in the south of China. Known as
the “having drought 9 years out of ten” (Zhang et al. 2009),
such as “a scene of utter desolation, the river dried up and
the well withered, the crops did not yield, no grass grows
out,” “there were starved bodies on the roads, lie horizon-
tally and vertically” and “people as food.” The tragic record
is not common. Therefore, this study attempted to analyze
the spatial distribution characteristics of the drought dis-
asters in the Hunan Province of China and their climatic
zonation from 1644 to 1911 during the Qing Dynasty. Sci-
entifically, it is important to understand the spatial changes
in drought disasters to reduce the associated losses and to
improve drought disaster prediction and relief efforts. The
present study contributes in achieving the United Nations’
2030 Agenda for Sustainable Development to advance the
Sustainable Development Goals (SDG 13: Climate actions)
(Zhang et al. 2019; Achour and Pourghasemi 2020).

Study area and data sources
Study area

The Hunan Province is located in the transition zone from
the Yunnan—Guizhou Plateau to the Jiangnan hills and Nan-
ling to the Jianghan Plain. It is bounded between the 24°38’
and 30°08' north latitude and 108°47' and 114°15’ east lon-
gitude, with a total area of 2,118,000 square kilometers.
The eastern, western, and southern areas are surrounded
by mountains and gradually inclined to the northeast and
the middle, forming an asymmetrical horseshoe-shaped
open landform toward the northeast. It is composed of a
plain, basin, hilly land, mountain area, and river lake, which
crosses the Yangtze River and Pearl River systems, and
experiences a subtropical monsoon climate. The province
is mainly a mountainous and hilly landform, of which the
mountainous area exceeds 50% of the total area. The Hunan
Province has a dense network of rivers, with a total length
of 90,000 m, mainly including four rivers, Xiangjiang, Ziji-
ang, Yuanjiang, and Lishui, and their tributaries. The Hunan
Province flows from the south to the north along the ter-
rain elevation difference to the Yangtze River and Dongting
Lake, forming a relatively complete Dongting Lake system.
Dongting Lake is the largest lake in the Hunan Province, and
it spans the Hunan and Hubei provinces. As the longest river
in the Hunan Province, the Xiangjiang River is also one of
the seven tributaries of the Yangtze River (Fig. 1).
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Fig. 1 Location map of the
study area
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Data sources

The information used in this study was mainly acquired
from Zhang Deer’s “Three-year Meteorological Records of
China” (Zhang 2004), Zeng Qinghua’s “China Meteorologi-
cal Disaster—Hunan Volume” (Wen and Zeng 2006), “Bao-
qing Fuzhi” (Huang et al. 2009), “Xiangtan County” (Chen
and Wang 2010), and other descriptions in local chronicles,
and was supplemented by “China Nearly Five Hundred
Years of Drought and Drought Distribution Atlas” (Chinese

Academy of Meteorological Sciences 1981). This article
refers to the “Beijing history of natural disasters” (Yin et al.
1997). According to the description of the droughts in his-
torical drought data, the duration of the recorded drought,
the extent of area affected by it, and the damage caused to
agriculture and people’s way of life affect drought classi-
fication. Drought hazards can be divided into three grades
(Table 1), with a mild, moderate, and severe drought being
classified as grade 1, grade 2, and grade 3, respectively.
Years without drought are classified as grade 0.
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Table 1 Classifications for drought levels

Grade  Standard

Typical language

Grade 1 The drought spans a single season/is a local drought

Summer no rain, autumn drought, did not rain during the rainy season, spring

drought delayed planting rice seedlings, the crops were scorched by the sun
for lack of water, plague of locusts, it takes several kilometers to get water

Grade 2 The drought spans two seasons, and affects a large area Spring and summer drought, the whole area are in disaster, the plant withered,
there were starved bodies on the road, the rivers dried-up and the wells
withered, a bushel of rice costs one hundred cents, relief

Grade 3 The drought spans three seasons, or is a transboundary
drought, causing extensive damage

It did not rain in the three quarter of summer, winter and winter, a scene of
utter desolation, there were no crops in the field, people as food, a bushel of

rice costs one thousand cents, free of grain this year

Research methods

The EOF (empirical orthogonal function) and the REOF
(rotated empirical orthogonal function) are commonly used
analytical methods for studying the temporal and spatial
characteristics of meteorological variables (Yang and Xu
1994; Shi 2002). It is possible to decompose the meteoro-
logical variable field with time and space into linear com-
binations of spatial patterns and time coefficients that are
uncorrelated.

The observation data of a climate variable field can be
expressed in the following matrix form:

xll x12 “oe xln
le x22 .o .x2

X = " (D
)Cm] xm2 xmn

where m is the spatial point, and » is the point in time. xij
represents the j-th observed value on the i-th station. The
natural orthogonal expansion of the meteorological time
series means that Eq. (1) is decomposed into two parts, the
space function V and the time function 7:

X = VT, )

or

P
xl't = Z viktkj = Viltlj + Viztzj ot vimtmj’

k=1

i=1,2, met=1,2,....m;k=1,2,... 3)

Here, the j-th climate observation on the i-th lattice can
be thought of as a linear combination of p v, and the time
function 7.

The EOF can maximize the variability structure of the
whole region of the climate factor field, but it is not con-
ducive for highlighting the local correlation structure and
the identification factor distribution type. The REOF is the
orthogonal rotation of the original matrix based on the EOF
decomposition (large variance rotation), such that the high

@ Springer

load vector is concentrated over a few variables, and the
rest of the regions are close to 0. Thus, the post-rotation
feature field is more stable in time, the spatial distribution
structure is simpler and clearer, and it also highlights the
abnormal distribution of local features (Chen et al. 2010).
Therefore, this study used the EOF and REOF statistical
analysis methods to explore the temporal and spatial evolu-
tion of drought disaster grades in the Hunan Province during
the Qing Dynasty, focusing on the spatial distribution and
the distribution of the drought disaster grades in the province
to provide the basis for internal zoning predictions.

Results and analysis

Frequency of drought disasters in the Hunan
Province during the Qing Dynasty

Statistics on the frequency of drought disasters from 14 sites
in the Hunan Province (1644-1911), and the plot of the fre-
quency distribution of the drought disasters (Fig. 2A), are
shown in Fig. 2. The sizes of the circles denote the frequency
of occurrence; the greater the radius, the higher the number
of drought disasters. Drought disasters in the Hunan Prov-
ince occurred 66.21 times/station during the 268 years under
study. The largest number of drought disasters occurred in
the Yongzhou, with a frequency of 101, that is, drought dis-
asters occurred during 101 years of the 268 years studied,
with an incidence rate of 37.69%, at an average of every
2.65 years. The lowest frequency of drought disasters
occurred in Zhangjiajie (only 31), an incidence of 11.57%,
with one occurring every 8.65 years. Besides Zhangjiajie,
the drought disaster frequency of Xiangxi and Huaihua
exceeded 50. It can therefore be observed that drought dis-
asters in the Hunan Province during the Qing Dynasty were
more frequent and more serious.

Since the frequency of drought disasters can only reflect
the degree of droughts in the region and not the intensity, the
weighted average method was used to estimate the average
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Fig.2 Spatial distribution of frequency (A), and intensity (B) of droughts in the Hunan Province during the Qing Dynasty

drought intensity for each site level (/) (Gao and Zou 2013)
using the following formula:

I=(a+2b+3c)/(a+b+0), 4)

Here, I represents the average drought intensity for site,
a, b, and ¢, with a drought disaster frequency of 1, 2, and 3,
respectively.

Figure 2B shows the distribution of drought intensity for
14 sites in the Hunan Province during the Qing Dynasty.
As shown in Fig. 2B, the drought intensities for Zhangjia-
jie and Shaoyang were the largest, and the intensity of the
drought disasters was above 1.7. The drought intensities for
Chenzhou and Yongzhou were relatively low. Comparing
Figs. 2A and B shows that there is no consistency between
drought frequency and drought intensity in the Hunan dur-
ing the Qing Dynasty. A higher number of drought disasters
occurred in Yongzhou, Chenzhou, and Changsha. However,
the intensities of these occurrences were low. Although
Zhangjiajie, Xiangxi, and Huaihua recorded fewer droughts,
they were more serious. In addition, Shaoyang and other
sites were not only prone to drought disasters, but they also
tended to be more serious.

Differences to drought resistance resulted from the var-
ied terrain, landform, soil, vegetation, and other features,
including variations in site climate. Obvious regional dif-
ferences are thus observable. The vegetation coverage in
western Hunan is high, and the frequency of drought is low;
however, the prominent geological layer is limestone, which
has poor soil water retention. The Dongting Lake and the
southern Hunan Province are subject to the warm winds of a
humid airflow, which resulted in dry heat periods (Liu 2000)
leading to frequent droughts.

Spatial distribution characteristics of drought
disasters in the Hunan Province during the Qing
Dynasty

The EOF method was used to decompose the standardized
anomaly data from 14 stations in the Hunan Province over
268 years, and the EOF space vector was used as part of
the analysis. Due to the complex terrain of the Hunan Prov-
ince, the spatial distribution of drought disasters is signifi-
cant and the variability is large. Therefore, the load vector
had a slow convergence rate; however, the load vectors still
retained the main drought hazard information in each region
of the Hunan Province. The significance error test was used
to calculate the eigenvalue error range proposed by North
et al. (1982). The first four modes passed the test, and the
cumulative variance contribution rate was 61.73% (Table 2).
The variance contribution rate was more than 7%, which can
reflect the situation pertaining to drought disasters in the
Hunan Province during the Qing Dynasty. Therefore, the
spatial distribution characteristics of the first four modes
were analyzed.

The variance contribution rate of the first modal field was
35.22%, which is the most important typical field used for
the drought disasters in the Hunan Province. From the spa-
tial distribution of the first modal field (Fig. 3A), it can be
observed that the whole region is positive, indicating that
there was good spatial agreement, which suggested that the
province’s drought disasters were largely influenced by regu-
lar atmospheric circulation and the other anomalies. The
maximum load was distributed in Xiangtan City, indicating
that this area had the most serious droughts or the region
was characterized by a partial variable rate and was also a
sensitive area with regard to drought events.
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Table 2 Variance contribution
and accumulated variance
contribution of the first nine
EOF and REOF modes of
droughts in the Hunan Province
during the Qing Dynasty

30+

29.51
29
28.5-
28+
27.51
27
26.5

26+

Zhdngjiajie
a

Ry
>

Xiangfi Q.\E’

i
Yongzhou N
.

S
Chgnzhou AN
)

Serial EOF REOF
number ; ; . - ; ; - ;
Variance contribu-  Cumulative variance Variance contribu-  Cumulative variance
tion rate (%) contribution rate (%) tion rate (%) contribution rate (%)
1 34.13 34.13 23.78 23.78
2 10.84 44.97 8.30 32.08
3 9.05 54.02 8.40 40.48
4 7.71 61.73 9.13 49.61
5 6.40 68.13 8.59 58.20
6 5.67 73.8 7.27 65.47
7 4.96 78.76 7.24 7271
8 4.38 83.14 7.20 7991
9 3.80 86.94 7.03 86.94
11 112 113 114 109 110 1 112 113 114
L 30 L
29.54 -
L 29 L
Xiandxi © & 2
| 28.5- 5 ° o> 7 fg/ C;ngshy’g')\s L
3 | =
284 \ Xiiggtan Zhufhou L
+27.5- \ ¢ L
L 274 u 2 H{eng_mg |
@ X
- 26.5- \ 3 L

%,

25.54 +25.5 L
25+ - 254 B L
109 110 111 1412 113 114 109 110 111 112 113 114
30+ L 30
4 v/
29.51 Zhangjigjie , =~ " T\ /s a.; 29.5- Zhangjisjie _ _ - % 5% e &
29 S _0‘;4 . Ehzng::le. ’: ({Q/S, -y I'g ’ L -.02%: Changdp’ ’Qf\b' Vl:e.irang
- // . I 9‘ P r - —>_0‘2 - /, ’/ ; L
angs- 007~ o f F o R = -t '
28.54 . 0 o \Ylya Chan@ha/.'QA -5} 28 5 o » -
0.07 N -
28+ S - ’,Zh);zho’u L 284 ,’ 1/
Hugiua \J /huaih.na 5
27.5 ; o F27.54 0ie =
0.\A @oyang . z y
274 (ef @ He g 0.21 L o7 I/
</ Qo ol
26.5- 035 . :
6ngzhd 4
26 L efenz 26
0 ¥t
2551 S 25.51
25+ C - 254 D

Fig.3 Spatial distribution of the first four EOF modes of drought in the Hunan Province during the Qing Dynasty (A-D respectively represent

the 1st—4th mode field)
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In arid years, the West Pacific subtropical high is weaker
and northward, and the South Asian high is stronger and
northward. East Asia shows a negative phase distribution
of East Asia/Pacific teleconnection from the north to the
south. The East Asian subtropical westerly jet is easterly and
northward. There is an anticyclone anomaly circulation in
the lower-level wind field, south of the Yangtze River. The
majority of Hunan is an abnormal divergence region, which
results in less precipitation and, consequently, drought.

The second feature field (Fig. 3B) was significantly
different from the first feature field, and the contribution
to the total variance was 11.76%. This can be expressed
as the positive phase located to the east and west of the
Yiyang—Loudi—Yongzhou area in Zhuzhou City, while the
negative center is located in Huaihua City. Thus, during the
Qing Dynasty, droughts in the Hunan Province tended to
be alternately serious in eastern and western regions. West
heavy (light) and east light (heavy) of the spatial pattern
of characteristics, that is, in the eastern part of the drought
stress, the west is lighter; on the other hand, when the east-
ern part of the drought is mild, the western region tends to
stress.

From the spatial distribution field of the third mode
(Fig. 3C), it can be seen that the drought disasters in the
Hunan Province are characterized by a spatial structure
spanning in the north—south direction, and the variance con-
tribution rate was 9.83% for Xiangxi, Loudi, and Zhuzhou.
Yiyang and Chenzhou showed the maximum positive and
maximum negative value, respectively.

From the spatial distribution field of the fourth mode
(Fig. 3D), it can be observed that the drought disasters in
the Hunan Province during the Qing Dynasty were centered,
and the positive center was located in Loudi and Shaoyang.
The basin is subject to the effects of topsoil subsidence and
a subtropical season, causing the weather to be dry. The
dryness is accentuated by the fact that the area is located
on the leeward side of Nanling. The area is typically windy
(Zhang 2008), with low rainfall resulting in higher drought
frequency and intensity.

Spatial abnormal characteristics of drought
disasters in the Hunan Province during the Qing
Dynasty

Due to the large change of spatiotemporal disasters in the
Hunan Province during the Qing Dynasty, the variance con-
tribution rate of the EOF decomposition is not high, the con-
vergence rate is slow, and the abnormal sub-region is com-
plex. In order to further study its regional characteristics, the
REOF was carried out on the basis of the EOF decomposi-
tion. There are three kinds of methods for determining the
number of orthogonal functions of the rotation experience
(Wei 1999; Piervitali and Colacino 2001). In this study, the

number of rotation feature vectors were determined by tak-
ing the cumulative variance contribution rate of 85% as the
standard. Therefore, the vector was rotated, and the distribu-
tion of the eigenvector after rotation was relatively uniform
(shown in Table 2). According to the principles of rotation
main factor analysis, the geographical distribution of the
principal load is the important basis for zoning. Using the
north significance test, the results showed that the first six
modalities through the significance test, drawing the first
six main factors of the distribution map, as shown in Fig. 4.

Figure 4 lists the REOF’s first six rotational load vectors.
The first modal rotational load (RLV1) distribution (Fig. 4A)
of the REOF is similar to that of Fig. 3A, but the RLV1
highlights the large area of the northeastern Hunan Prov-
ince, Yueyang, Yiyang, Changsha, Xiangtan, and Zhuzhou.
The load of the site was above 0.68, and throughout the
0.05% significance level test, among them, the center value
of Yiyang was as high as 0.858, while the load value of
other sites was 0.2 except for Loudi, which can be called as
the northeast of the Hunan Province. Due to the low rainfall
in the Dongting Lake area, the large amount of evapora-
tion, and the uneven distribution of precipitation times, the
water storage capacity was less serious and the water storage
capacity was obviously insufficient. The contribution rate of
the RLV1 variance was 23.78%, which was the largest of the
first six RLV modes (Table 2). Therefore, it was the most
common mode of anomalous distribution for the drought
disasters in the Hunan Province during the Qing Dynasty.

The results show that the subtropical high is weaker,
northerly, and easterly in the northern arid years; the South
Asian high and the East Asian subtropical westerly jet are
northward, and the lower-level wind field has a large easterly
anomaly area in the middle and lower reaches of the Yangtze
River. Moreover, the divergence anomaly area is in the north
of Hunan, and the convergence anomaly area is in the south,
forming the spatial pattern of drought in the north and flood
in the south of Hunan.

The second modal rotational load RLV?2 (Fig. 4B) is simi-
lar to Fig. 3B. The variance contribution rate was 8.30%.
The large value area was mainly distributed in Xiangxi and
Huaihua in the western Hunan Province, where the load
value for Xiangxi was 0.755 for the western part of the west-
ern region. This is due to the western region of the Hunan
Province which is often subject to the western Pacific sub-
tropical high, the northward rain belt, the end of the rainy
season into the summer sunny hot season, high temperatures,
and evaporation, causing a high susceptibility to droughts.
The magnitude of the third modal rotational load RLV3
(Fig. 4C) was 8.40%. The large value area is mainly located
in the southeastern part of the Hunan Province. The large
value of the rotational load was in the middle of Chenzhou,
0.873, followed by Hengyang south of the Hunan Province.
The contribution rate of the fourth modal rotational load
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RLV4 (Fig. 4D) was 9.13%, which clearly highlighted the
large area of the central Hunan, and the load of Shaoyang
and Loudi was above 0.8.

The fifth modal rotational load RLVS5 (Fig. 4E) had a
variance contribution rate of 8.59%. The large area is located
in Zhangjiajie and Changde, with a load up to 0.871, and is
known as the northern part of the type. The variance contri-
bution rate of the sixth modal rotational load RLV6 (Fig. 4F)
was 7.27%. The large area is located in Yongzhou, with a
load of -0.956.

Discussion

In this study, based on the EOF analysis and the REOF
analysis, according to the high load distribution (absolute
value > 0.6) of the first six rotational spatial modes, the
geographically connected lattice area can be divided into
the same drought disaster climate change zone. The high
load area covered most of the areas of the Hunan Province,
and the adjacent areas are nearly overlapping. The Hunan
Province is divided into six arid regions (Fig. 5), namely
the northeastern part of the Hunan (I), the western Hunan
(IT), the southeast Hunan (III), the central Hunan (IV), the
northern Hunan (V), and the southwestern Hunan (VI).

Compared with the Hunan Province from 1960 to 2009,
the number of dry days in the Hunan Province were divided
into five regions (Zhang et al. 2013), namely the Xiangnan,
northeastern Hunan, Xiangxi, as well as the climate zona-
tion of five meteorological dry days in the Xiangzhong basin
(Fig. 6).
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Fig.5 Six climatic regions of the droughts in the Hunan Province
during the Qing Dynasty

Zhang et al. (2013) obtained five main spatial abnormal
climatic regions according to the North criteria. The area
with the first rotation mode higher than 0.6 is mainly located
in the south of central Hunan, with a variance contribution
rate of 25.9%, and the center is located in Chenzhou (0.91).
The areas with a second rotation mode higher than 0.6 are
mainly distributed in northeast Hunan, with a variance con-
tribution rate of 17.7%, and the center is located in Ningxi-
ang (0.85). The areas with a third rotation mode higher than
0.6 are mainly distributed in northwest Hunan, with a vari-
ance contribution rate of 15.5%, and the center is located in
Sangzhi (0.92). The areas with a fourth rotation mode higher
than 0.4 are mainly distributed in western Hunan, with a var-
iance contribution rate of 9.5%, and the center is located in
Huaihua (0.85). The areas with a fifth rotation mode higher
than 0.4 are mainly distributed in the Hengyang-Shaoyang
basin in central Hunan, with a variance contribution rate of
6.3%, and the center is located in Shaodong (0.68).

In addition to the differences between the western Hunan
(IT) and the Xiangnan, which is divided into the southeast of
Hunan (II1) and the southwest of the Hunan (VI) in Fig. 5,
the other partition results of the paper are almost the same
as those of Zhang Jianming et al.

Conclusions

Based on the drought disaster grade sequence of 14 sites in
the Hunan Province from 1644 to 1911, this study focused
on the spatial distribution characteristics of drought disasters
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Fig.6 Five climatic regions of the droughts in the Hunan Province
(Zhang et al. 2013)
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in the Hunan Province of China by using EOF and REOF.
The following results were obtained: There were inconsist-
encies in the number of drought disasters and the intensity
of drought disasters in the Hunan Province during the Qing
Dynasty. The drought disasters occurred 66.21 times / sta-
tion, and the drought disasters were the highest in Yong-
zhou and Chenzhou. The drought intensity was the largest
for Shaoyang and Huaihua. The EOF analysis showed that
the first four modalities of the drought disasters in the Hunan
Province during the Qing Dynasty were 61.73% by the north
test, and the first modality was the main characteristic of
the drought consistency in the whole region, which showed
that the drought disasters in the whole area were generally
high, while other typical fields mainly show regional dif-
ferences in the region, such as the spatial characteristics of
the south and north, west and east, center and the opposite
of the reverse phase change. Using the results of the REOF,
the load value was >0.60, and the drought disasters in the
Hunan Province during the Qing Dynasty can be divided
into six regions: Xiangbei (I), western Hunan (II), south-
eastern Hunan (III) central Hunan (IV), northern Hunan (V),
southwestern Hunan (VI).

The study of drought disasters in the Hunan Province of
China in Qing Dynasty is of great significance and reference
value for disaster prevention, disaster reduction and climate
prediction.

The results of this study improve the understanding
regarding the spatial characteristics of drought disasters in
the Hunan Province during the Qing Dynasty; this will be
of significant value in guiding the agricultural production
layout and structural adjustment, formulating reasonable
drought resistance countermeasures, disaster prevention
and mitigation, and providing a scientific basis for the local
government and insurance companies to formulate agricul-
tural insurance policies. Furthermore, an in-depth analysis
of the spatial characteristics and causes of drought disasters
in Hunan can provide useful information for the diagnosis
and prediction of drought disasters in this region.

Due to limited data collection and the drought evolu-
tion, the temporal and spatial evolution of droughts is
influenced by human, economic, and social factors. Cli-
mate, topography, landform and vegetation, water conserv-
ancy facilities, and human activities can lead to different
results. Future studies on the temporal and spatial evolu-
tion of droughts will be supported by continuous improve-
ments in data collection and accumulation to increase the
accuracy of drought levels in time and space.
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