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Abstract

Background: Extreme climate events leading to tremendous life and property losses, environmental degradation,
have recently received increased attention. It is applied to a data set consisting of 116 weather station records

(1960-2009) covering the Southwest China, and measured the spatial and temporal characteristics of precipitation
and temperature extreme and their long-term trend have been analyzed, the possible reason for the recent 2009

SWC severe drought is briefly discussed too.

maximum temperature.

China

Results: The most remarkable result is, compared with the base year, significant decreasing trend has been
measured for the precipitation amount and the rainy days while regardless the mean temperature, maximum
temperature or minimum temperature is clear warming in 2009 over SWC, particularly in the 9-12 month, less
precipitation combined with unreasonable high temperature may be the major contributor to the mega-drought
crippling into SWC in 2009-2010. Although no significant trend has been indentified for annual precipitation, great
sub-seasonality and regional difference has been detected over SWC. Statistical significant decreasing trend has
been examined for rainy days over SWC and the downward prevail in the second half of a year, especially in the
autumn month while the first half of a year is characterized by positive trend of maximum precipitation, rainy day
intensity and annual precipitation. Maximum temperature and minimum temperature showed significant warming
trend in every month, in particular the upward trend of the minimum temperature is stronger than that of the

Conclusions: It is somewhat resulting easily in the increase of frequency of extreme events, that is, increase the
frequency of flooding and drought in the Southwest China.
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Background

The Fifth Assessment Report (AR5) of the United Nations
Intergovernmental Panel on Climate Change (IPCC)
pointed out that the global surface temperature increase
reaches 0.85°C (0.65°C -1.06°C) (based on existing 3 inde-
pendent data sets) from 1880 to 2012. Recent three ten
years are the warmest than that of any other ten years
since 1850.all over the world almost experienced heating
process. Water cycle factors will be redistributed in time
and space caused by global climate change, extreme
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weather events will become more frequent, more intense,
wider range induced by climate change with global
warming characterized. (IPCC Fifth Assessment Report:
Climate Change 2014). China’s National Assessment
Report on Climate Change also indicates that there is
evidence for an increase in frequency of hydrological ex-
treme events (China’s National Climate Change 2007).
Many extreme weather events have been reported in the
recent all over the world, For example, As of May 25t
25.1 percent of the Hawaiian Islands experienced ex-
treme to exceptional drought conditions, as defined by
the U.S. Drought Monitor (Source: Hawaii News Now);
As of mid-June, 2010, northern and northeastern
Thailand experienced its worst drought in nearly
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20 years (Source: Thailand Business News); Strong
storms on June 14", 2010 dumped up to 400 mm of rain
in parts of the Var region in southeastern France. Meteo
France reported that the rainfall event and subsequent
flooding was the worst on record since 1827 (Source:
BBC News), which have caused large losses of life, as
well as a tremendous increase in economic losses, and a
series of environment problem. These tremendous life
and property losses raises the question as to whether ex-
treme weather and climate events are truly increasing,
whether this is only a perceived increase exacerbated by
enhanced media coverage, or both (Karl and Easterling
1999; Easterling et al., 2000). Ungar (1999) examined
the possibility of enhanced media attention biasing the
public perception that extreme weather events are in-
creasing. Results indicated that in the United States
there appears to be an increase in media coverage, but
in other parts of the world no increase was evident.
These problems helped raise the alarm over the possi-
bility that the recent increases were due to a shifting cli-
mate (Easterling et al. 2000; Brunetti et al. 2002).
Iwashima and Yamamoto (1993) used the data from
scores of stations in Japan and the United States first to
analyze the changes in heavy and extreme precipitation.
A prominent indication of a change in extremes is the
observed evidence of increases in heavy precipitation
events over the mid-latitudes in the last 50 years, even
in places where mean precipitation amounts are not in-
creasing or even decreasing (IPCC Fourth Assessment
Report: Climate Change 2007). Many scholars studied
the characteristics of long-term changes of rainfall or
heavy precipitation characteristics of long-term changes
in Canada, Japan, Britain, Norway, South Africa, Brazil
and the former Soviet Union, etc., they found the same
phenomenon (Yamamoto and Sakurai, 1999; Groisman
Pavel et al. 1999; Osborn, 2000). It has therefore been
suggested that tests for climatic change should focus on
changes in extreme events rather than on changes in cli-
matic means (von Storch and Zwiers, 1988; Mason et al.
1999). In the recent years research on extreme climate
events developed very rapidly and many studies have
been performed all over the world (Karl et al, 1995;
Suppiah and Hennessy 1998; Plummer et al., 1999;
Brunetti et al., 2001; Pan, 2002; Zhai and Pan, 2003; Zhai
et al., 2005; Goswami et al., 2006; Min and Qian, 2008,
Chen et al,, 2009). To study of extreme weather events
has become the focus of climate change research.
Extreme weather and climatic events, particularly on
the regional and local scales, are of paramount import-
ance in assessing the socio-economic impacts of climate
change. Southwest China (SWC) is potentially quite vul-
nerable to the economic damages caused by climate
change. Although the mean precipitation amount with
no significant increasing or decreasing trend has been
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observed during 1960-2007 for this area (Qin et al,
2010), the extreme events occur frequently in recent
years. For example, in 2010, parts of southern China ex-
perienced heavy rains from May 31%-June 2™, More
than 230 mm were recorded within a 12-hour period in
Cenxi, Guangxi Automatic district (Source: Xinhua).
Landslides and floods were responsible for at least 53
deaths and more than 200,000 people were evacuated
from their homes (Source: AFP; Reuters). Nearly a week
of torrential downpours from June 13th-18th led to
more flooding in the South that killed at least 69 people
and caused 240,000 to evacuate their homes. Sichuan
provinces and the southern region of Guangxi were
most severely affected by this round of storms, accord-
ing to Xinhua news agency (Source: AFP); Most regions
in eastern and middle-western Chongqing had suffered
from heavy rainstorm in June, 2010, more than 10,000
houses toppled in the floods and 16,000 more damaged,
and more than 1.5 million Chonggqing residents have
been affected by the rainstorm-triggered floods, and
123,000 have been relocated, direct economic losses
amounted to 680 million yuan ($100 million) (Wang and
Zhan, 2010); And drought crippling SWC since autumn
2009 until May 2010 is the worst in a century. According to
Xinhua, the nation’s state media, the lack of rain and unsea-
sonably high temperatures has also left 16 million people
without easy access to drinking water; over 50 million people
are affected; nearly a million hectares will not produce crops,
while some rivers have dried up completely (Hance, 2010);
Sichuan Province and Chongqing City suffered from severe
high temperature and droughts in 2006 — the most serious
drought since 1949 and leading to an economic loss of
RMBI0 billion (about 1.5 billion US Dollars).

Several studies have documented the spatial and temporal
climate change trend in SWC. For example, Ding and Dai
(1994) have reported a decreasing trend of annual mean
temperature in SWC during 1951-1990. Chen and Zhu
(1998) have confirmed the existence of this region, decreasing
in temperature centered at Sichuan Basin during 1951-1995,
Ma et al. (2006) have documented the climate change and
variability of SWC. They have concluded that the Tibetan Plat-
eau, the western Sichuan highland and Yunnan-Guizhou Plat-
eau have been warmer and wetter during 1961-2000, but the
northeastern and southwestern portions of Sichuan Basin
showed a decreasing trend in temperature over the same
period. and Qin et al. (2010) also gained the same results but
the region with cooler temperature was shrinking due to the
statistically significant increasing trend of temperature after
1990s, which is proved from the analysis of the temperature in
this region has started to increase since late 1980s (Chen et
al.,, 2004). Tang and Zhai (2005) pointed out that there was no
statistically significant trend of annual temperature for SWC
during 1951-2002. In addition, there were strong inter-annual
and interdecadal variations of climate variables. Ban et al
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(2006) have reported that the annual means of daily mean
temperature, daily minimum temperature and daily maximum
temperature have all increased since 1980s. However, the an-
nual mean of daily maximum temperature has been decreas-
ing since 1951. Qin et al. (2010) also pointed out that both
annual and seasonal means of daily maximum and minimum
temperatures show an increasing trend, but trend mag-
nitude of minimum temperature was larger than that
of maximum temperature, resulting in the decrease of
diurnal temperature range for SWC during 1960-2007.
Dong and Duan (1998) studied the precipitation vari-
ability and trend in the SWC during 1951-1995 and
concluded that annual, spring, summer and autumn pre-
cipitation showed an overall negative trend, and there
were more negative than positive stations. A decreasing
trend of annual precipitation during 1951-1999 in Sichuan
Basin and Yunnan has also been identified by Liu et al.
(2002), but there was not a statistically significant trend in
the western and eastern portions of Sichuan and Guizhou
Province. Zhang et al. (2007) analysed the rainfall trend
and extreme events during 1961-2004 in Guizhou and
reported significant increasing trends for annual mean
rainfall amount in rainy season, maximum daily rainfall
amount and times of annual occurrence of successive 3-,
5- and 7-day no-rainfall period. Spatially, the maximum
daily rainfall amount decreased from the north to the
south, and the increase in the occurrence of successive
no-rainfall period decreased from the east to the west. Liu
et al. (2002, 2007) have studied the spatial and temporal
characteristics of precipitation and temperature in SWC
during 1960-2000. They concluded that annual precipita-
tion in the western portion of SWC has increased, but in
the eastern part of SWC (except Chongqing) it has de-
clined. There was a 14-year cycle of annual precipitation
in the regions of the Western Sichuan Plateau, while the
annual means of daily maximum and minimum tempera-
tures had an obvious ascending tendency mixed with an
8-year cycle for the entire SWC. Xu et al. (2008) have
analysed the climate patterns and trends in the Tibetan
Plateau for the period from 1961 to 2001, and concluded
that the temperature during the last several decades
showed a long-term warming trend, especially in the areas
around Dingri and Zogong stations, which formed two in-
creasing centers. Only one of the stations they investigated
exhibited a decreasing trend, and this was not statistically
significant. Precipitation in the Tibetan Plateau has in-
creased in most regions of the study area over the past
several decades, especially in the eastern and central part,
while the western Tibetan Region exhibited a decreasing
trend over the same period. Annual precipitation showed
slightly and statistically insignificant increasing trend, but
statistically significant increasing trend has been detected
in winter season while autumn witnessed a statistically
significant decreasing trend (Qin et al., 2010).
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However climate change studies for SWC over the past
few decades have mostly focused on the changes in mean
values (Ding and Dai, 1994; Liu et al. 2002; Chen et al. 2004;
Ban et al. 2006; Liu et al. 2007; Cheng and Xie, 2008; Xu
et al. 2008, Qin et al. 2010). The temporal and spatial vari-
ability of extreme rainfall and temperature events over SWC,
its long term trend and its sub-seasonal variability are re-
quired to be discussed in detail. The objective of the present
study is to examine these aspects of extreme rainfall and
Maximum temperature events over SWC by taking daily
rainfall and temperature data for 50 years from 1960 to 2009.

Climate extremes and data issues

Study area

SWC is located in the southeast of the “World Third
Pole” Qinghai-Tibet Plateau, which falls within the prov-
inces of Sichuan, Yunnan, Guizhou, Chongqing city and
Guangxi with a total area of 1.36 million km? between
21°— 35°N and 97°— 112°E (Figure 1). The altitude of this
area ranges from 300 to 5000 mm, the central high and
the eastern and western low, the northern high and
southern low, the formation is similar to “saddle” of
the special different underlying surface. Plateau (the
Yunnan-Guizhou Plateau), mountain (the Hengduan
mountains), hill (eastern Sichuan hills) and Basin (the
Sichuan basin) are four basic landscapes. The com-
bined effect of the thermal effect and the dynamic
action of the Tibetan Plateau forms the local weather
systems, such as south branch trough, southwest vor-
tex, Yunnan-Guizhou-stationary front, and thermal
low pressure etc. in SWC (Xiong and Wang, 2008).

The climate is influenced by the topography. A typical sub-
tropical monsoon climate prevail in this area, Dry and wet
seasons are clearly defined, the rainy season usually begins in
April, ends in October, annual precipitation varies between
980 and 1290 mm with an average of 1066 mm, the highest
of daily precipitation being 509.24 mm (Beihai, Guangxi,
1981-07-24), and the precipitation decreases from southeast
to northwest. The average temperature is 15.61°C, the high-
est being 43.5°C(Fuling, Chonggqing, 2006-08-15).

Data

132 standard meteorological stations with daily precipita-
tion and daily maximum temperatures, minimum temper-
atures in SWC were provided by the National Climate
Center (NCC) of the China Meteorological Administra-
tion (CMA). Stations with data gaps were excluded, finally,
116 of which with continuous data series from 1960—2009
were used in this study. These stations, having high quality
data, are maintained according to standard methods of
the National Meteorological Administration of China,
which applies data quality control before releasing these
data.
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Figure 1 Location of the southwest China and climate stations used in this study.
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Methodology

There are a number of ways extreme climate events can
be defined. Based on the CMA classification, rainstorms
are classified by minimum 50 mm d™', however, if used
the criteria to define rainstorm, larger area with non-
rainstorm has been measured for SWC, and if accepting
the criteria of the World Meteorological Organization,
that is, extreme event means peak over threshold 90%, it
can boost the spatial comparability of change trend be-
tween dry area and wet area of heavy precipitation
events (Su et al. 2006). Peak over threshold 90%, 95%
and 99% are the daily precipitation above the 90%, 95%
and 99%-Percentile respectively. This study analyzed the
extreme event of peak over threshold 90%, 95% and
99%. A rainy day is considered at least 0.1 mm d™* can
be measured. Maximum precipitation or monthly max-
imum precipitation event, 3-day-maximum precipitation,
5-day-maximum precipitation and 7-day-maximum pre-
cipitation means annual or monthly maximum 3,5, 7 day
total precipitation event respectively. Rain intensity is
considered precipitation amount per rainy day (Gemmer,
2010).

Trend analysis has proved to be a useful tool for effect-
ive water resources planning, design, and management
since trend detection of hydrological variables such as
streamflow and precipitation provides a useful informa-
tion on the possibility of change tendency of the variables
in the future (Yue and Wang, 2004). The Mann-Kendall
test (MK) is one of the most popularly applied tests to de-
tect trends in hydrologic time series. Annual and monthly
trend of precipitation and temperature has been detected
by the MK method at all 116 stations (1960-2009). The
90% and 95% confidence level was taken as threshold re-
spectively to classify the significance of positive and nega-
tive trends for all indices. Detail description or reference

list of the Mann-Kendall trend test is provided by Hirsch
and Slack (1982) and Fu et al. (2004; 2009; 2010).

In order to estimate rainfall and temperature magnitude
at unmeasured locations, a 2-deimensional, anisotropic
inverse distance weighting (IDW) Spatial Interpolation
method was applied to interpolate results for each station
and to project the results 2-dimensional in the Geograph-
ical Information System (GIS) ArcGIS, which is one of the
most commonly used techniques for interpolation of
scatter points. The method consists of two parts. First,
the optimum set of parameters for the IDW method is
selected via cross-validation and the estimates are made
using this optimal interpolator. Second, the uncertainty
of each of the estimates is calculated via the jackknife
procedure (Tomczak, 1998). Inverse distance weighted
methods are based on the assumption that the interpol-
ating surface should be influenced most by the nearby
points and less by the more distant points. For the sake
of the readability of the illustrations in the necessary
size for this journal, maps showing the interpolated re-
sults using IDW method are shown.

Results

Precipitation extremes

Spatial and Temporal Trends of annual precipitation
extremes

Figure 2 shows the spatial distribution of annual max-
imum precipitation (the highest rainfall per day at one
station per year) and their spatial pattern. Overall, an-
nual maximum precipitation shows an increase from
west to east and from Northwest to Southeast from less
than 50 mm at the northwest of Sichuan province to
more than 150 mm at the southernmost of Guangxi
Zhuang Autonomous region, because of southwest mon-
soon or southeast monsoon climb along the windward
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Figure 2 Annual trends of maximum precipitation, 3-day, 5-day, 7-day, maximum precipitation at each station over the SWC in 1960-2009.
(Big triangles: significant increase at 95%, little triangles: significant increase at 90%; upside down big triangles: significant decrease at 95%, upside down
little triangles: significant decrease at 90%; circles: no significant increasing or decreasing trend, these symbols are also suitable for Figures 3 and 5).
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slope at the junction of Sichuan Basin and Qinghai-
Tibet Plateau, resulting more than 100 mm rainstorm
center has been examined here. Specially, annual max-
imum precipitation more than 100 mm is in Guangxi
Zhuang Autonomous Region, between 80 mm and
100 mm in most part of Guizhou province and Chongging
city, all the whole Yunnan province is between 50 mm and
80 mm except the south, annual maximum precipitation
of Sichuan province vary greatly, but an increasing from
west to east range from less than 50 mm to more than
100 mm, which indicate if using minimum 50 mm d™* to
define rainstorm, no rainstorm has been found here. Thus,
extreme event of peak over threshold 90% is selected to
define rainstorm in this study.

The MK was used to monitor annual maximum precipi-
tation of the 116 stations in SWC. Only Thirty-three of
116 stations show significant trends above the 90% confi-
dence level, of which seven are negative and twenty-six is
positive, they are scattered in SWC province, which show
slight increasing trend of annual maximum precipitation
with 22.4% of the stations over SWC, no distinct decreas-
ing signal can be found here.

The spatial extent of classes for the annual 3-day-
maximum precipitation, the annual 5-day-maximum pre-
cipitation and the annual 7-day-maximum precipitation
(long-term annual average) is similar to that of annual
maximum precipitation (Figure 2). Annual 3-day(5-day
and 7-day)-maximum precipitation below 100 mm are all
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mainly in northwest of SWC, that is, the western Sichuan
Plateau, of course, below 100 mm of annual 3-day-
maximum precipitation is stretch to the north and east of
Yunnan province. More than 200 mm of annual 3-day-
maximum precipitation mainly in south of Guangxi
Autonomous region, more than 200 mm of annual 5-day-
maximum precipitation from south extent to the whole
south and some parts of north in Guangxi Autonomous
region, more than 200 mm of annual 7-day-maximum
precipitation extent even to the whole Guangxi Autono-
mous region, and also Ya'an, Yueshan, E'mei of Sichuan
province. Results from the Mann-Kendall trend test indi-
cated that 8(19), 8(17) and 10(12) of 116 stations only show
negative (positive) trends of 3-day-maximum precipitation,
5-day-maximum precipitation and 7-day-maximum pre-
cipitation respectively on 90% confidence level. Therefore,
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the same to the annual maximum precipitation, a slight
increasing trend has been indentified for 3-day (5-day
and 7-day)-maximum precipitation, but no distinct de-
creasing trend of 3-day (5-day and 7-day)-maximum
precipitation can be found here.

Extreme precipitation of the peak over threshold 90%,
95% and 99% (Figure 3) all decrease from southeast to
northwest less than 15 mm at the northwest of Sichuan
plateau to more than 30 mm at most parts of Guangxi
Zhuang Autonomous region at the peak over threshold
90%, only east of Sichuan and south of Yunnan and
Guizhou province, the peak over threshold 90% range
from 25 mm to 30 mm, most of SWC the peak over
threshold 90% is between 20 mm and 25 mm. For the
peak over threshold 95%, more than 50 mm is scattered
in Southernmost of Guangxi Zhuang Autonomous region,

Peak over thredshold 90%
<15 A o%%
15-20 4 >90%
o 20-25 oo
. 25-% - m’”:
. >3

the SWC in 1960-2009.

Figure 3 Annual extreme precipitation trend of the peak over threshold 90%, 95% and 99% and the rainy days at each station over

A

zqonao 4 2NN
1 30-40 ey
I <050 v >95%
. >50

Rai days_MX

<120 A 5%
[0 120- 140 4 >00%
[ 140- 150 o <90%
B 150 - 180 v >00%
. 100 v >05%




Qin et al. Geoenvironmental Disasters (2015) 2:4

Ya'an and Yue shan of Sichuan province. the other parts of
Guangxi Zhuang Autonomous region is more than 40 mm,
Guizhou, the east of Sichuan province, Chongging city and
the south of Yunnan province is between 30 mm to
40 mm, less than 20 mm mainly in the northwest of
Sichuan plateau. At the peak over threshold 99%, the
threshold is more than 80 mm in most of Guangxi
Zhuang Autonomous Region, Guizhou, and the east of
Sichuan province, Chongqing city and the south of
Yunnan province is between 60 mm to 80 mm, the
threshold in most parts of Yunnan province range from
50 mm to 60 mm. less than 50 mm concentrated on the
northwest of Sichuan plateau.

Results of the MK for the peak over threshold 90%,
95% and 99% shows that 27(8),19(15) and 11(20) stations
appear negative (positive) trend above 90% confidence
level respectively. It can be found that the Sichuan basin
is characterized by negative trends for the three thresh-
olds, particularly the peak over threshold 90% and 95%,
which is backed-up by Wang and Qian (2009) who de-
tected extreme precipitation decreased in SWC and Pan
(2002) who examined extreme precipitation decreased in
Sichuan basin, South of the Yangtze river and Northeast
China, but increased during the same time-series in west
of Northwest China and southeast part of Qinghai-
Tibetan Plateau. No significant trend can be measured
in others.

Rainy days of most parts of SWC are more than
120 days (Figure 3), below 120 days is only in the small
parts in middle of Yunnan province, the highest (more
than 150 days even 160 days) is in north of Guangxi Au-
tonomous Region, Guizhou province and some parts of
south in Yunnan province. Results of the trend test for
the number of annual rainy days show a strong decrease
in rainy days with 70 stations (60% of all stations) expe-
rienced a negative trend on 90% confidence level, even
47% showed a downward trend on 95% confidence level.
These are widely located in every province, of which
more than 87% stations in Guangxi Autonomous Region
showed negative trend on 90% confidence level, nearly all
the stations rainy days showed negative trend in Guangxi.
The negative trend of the rainy days for Sichuan province
and Chonggqing city mainly located in the Sichuan basin
and east of Sichuan plain, in the west, two stations even
show positive trend. The negative trend of the rainy days
in Guizhou province mainly located in the west and east.
For the Yunnan province, the decreasing trend of rainy
days is scattered. Overall, rainy days showed statistically
significant decreasing trend in SWC, distinct decline of
rainy days have been reported in some areas of the world
(Sivakumar, 1992; Brunetti et al. 2001, 2004; Pan, 2002;
Seleshi and Zanke, 2004; Liu et al. 2006) while in others
there appears to be a increase (Manton et al. 2001; Gao
et al. 2002; Liebmann et al. 2004).
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Spatial and Temporal Trends of monthly precipitation
extremes

Applying the MK for indices on monthly basis shows
more distinct results than the exercise on annual basis.
Figure 4 displays the results of the trend test for 6 indi-
ces on monthly basis, indicating the number of stations
that have experienced the trends.

In term of rainy days, overall, negative trend prevail
for SWC. Except in January, February and March, num-
ber of stations showing positive trend are stronger than
that of negative stations, particularly in January with 41
stations is by far the month with the highest number of
positive trends of rainy days. Statistically significant
negative trend has been detected in other months, the
highest number of stations (79) with negative trends can
be found in September which is the only month with no
positive trends for the number of rainy days can be re-
vealed, followed by November (69) and October (62).

The results for trends of monthly maximum precipita-
tion have been calculated displayed the first half of a
year (January- July) is characterized by positive trends,
January with 60 stations is by far the month with the
highest number of positive trends of monthly maximum
precipitation, followed by February (36), and March (30);
the negative trend in the second half of a year (August-
December) is slight stronger than that of positive trend,
October with 19 stations is by far the month with the
highest number of negative trends of monthly maximum
precipitation.

In terms of the results for trends of month precipita-
tion, exception is April and July month a nearly equal
number of stations show positive and negative trends.
Overall the change trend is similar to that of monthly
maximum precipitation.

Positive trends of monthly rain day intensity prevail
for SWC except August and October month, the nega-
tive trend is slight stronger than that of positive trend,
the change trend of rain day intensity is the same to
monthly maximum precipitation and monthly precipita-
tion, January with 52 stations is still by far the month
with the highest number of positive trends, followed by
February (39), May (39) and July (31). And similar to rainy
days, monthly maximum precipitation and monthly pre-
cipitation, increasing trend in the first half of a year is
stronger than that of the second half of a year.

Generally, increasing trend in the first half of a year is
stronger than that of the second half of a year for all
precipitation indices, and January is the highest number
of positive trend for these indices. Decreasing trend of
these indices prevail in the second half of a year, mainly
concentrated in the September, October and November
autumn month, Summing up all the indicators, decreas-
ing trend highlights on the October. It is noteworthy
that little significant negative trends can be detected for
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Figure 4 Observed monthly trends 1960-2009 at the 90 percent confidence level over SWC for six indices.

any of the indices between January and March. Taking
all of the four precipitation indices into consideration,
January (October) shows the most distinct positive
(negative) trend of precipitation and its extremes, this is
somewhat in line with the findings of Marco (2010).
And the results indicated that despite little change in
total precipitation, the uneven distribution of annual
precipitation increased, which resulting in the increase
of frequency of extreme events, that is, increase the fre-
quency of flooding and drought.

Temperature extremes

Spatial and Temporal Trends of annual Temperature extremes
Spatial and temporal trends of annual maximum
temperature and minimum temperature extremes have
been discussed in the next context. Figure 5 shows the
spatial trends results. Annual maximum temperature below
30°C is scattered in the west of Sichuan plateau, more than

40°C is concentrated in the east of Sichuan Plain, between
30°C and 35°C concentrated in the west of Sichuan plateau
and west and east of Yunnan province, between 35°C and
40°C concentrated in Guangxi, Guizhou, Middle of Sichuan
and South and middle of Yunnan province. Results from
the Mann-Kendall trend test reveal that significant positive
trend of annual maximum temperature has been examined
for SWC with 45 (9) stations showing positive (negative)
trends on 90% confidence level. The positive trends can be
observed in the west of Sichuan plateau and the Yunnan-
Guizhou Plateau.

Annual minimum temperature for SWC is almost
above 0°C, below 0°C is only concentrated on the small
part of northwest in Sichuan province, in fact, annual
minimum temperature is above 10°C in most part of
SWC, between 0°C and 10°C is located in the western of
Sichuan plateau. Even above 15°C in Guangxi Autonomous
Region. Compared with the annual maximum temperature,
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Figure 5 Annual trend of the maximum temperature and minimum temperature at each station over the SWC in 1960-2009.
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the trend test of annual minimum temperature indicated
that statistically significant increasing trend has been inden-
tified all over the SWC with 106 stations which is consist
with the result of Pan (2002), only 3 station (Gengma,
Yuanmou of Yunan province and Yuexi of Sichuan prov-
ince) of 116 shows negative trend.

Spatial and Temporal Trends of monthly temperature
extremes

Except May month a nearly equal number of stations of
monthly maximum temperature show positive and nega-
tive trends, significant increasing trend of monthly max-
imum temperature has been observed in other month
for SWC. In November (65) and August (65) the highest
number of stations shows significant positive trends of
monthly maximum temperature, in September, still 63
stations experienced positive trends. Overall, autumn
month more than 50% stations of monthly maximum
temperature shows increasing trend.

Monthly minimum temperature increasing trend is
similar to that of monthly maximum temperature, but
much stronger in strength than that of monthly max-
imum temperature in every month. More than 50%
number of station exhibited positive trend except May
with only 40%, February with 92% stations is by far the
month with the highest number of positive trends of
monthly maximum temperature, followed by June (90%),
then October (81%). Increasing trend of monthly mini-
mum temperature is very obvious.

Precipitation and temperature in 2009

Mega-drought hit Southwest China from autumn 2009
until May 2010 which is the worst in a century (Hance,
2010). The possible reason for the severe drought is
briefly discussed in the next content. Due to the data of
the first half of a year in 2010 has not yet been released
by CMA. Here, we select 1960—1990 as the base year to
analysis the precipitation and temperature change in
2009 in detail from these indices of mean precipitation,
rainy days, mean temperature, maximum temperature
and minimum temperature.

The change of precipitation

Table 1 displayed the results of these indices for 2009
compared with the base year under annual and
September-December month scale. Compared with the
base year, The highest decreasing appear in Guizhou for
annual mean precipitation in 2009 with nearly 20% de-
creasing, followed by Yunnan province (18%), then
Guangxi (13.49%), overall, 13.76% precipitation decreas-
ing has been found for SWC in 2009. The change results
of precipitation amount of September-December month
in 2009 is similar to annual scale, but much stronger in
strength than that of annual scale. The reduction is
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almost 30%, and Guizhou and Yunnan province with
49.42% and 48.45% respectively is the highest. It can be
seen that the precipitation in 2009 showed clearly de-
creasing compared with the base year; more pronounced
reduction has been found during September-December
month.

Compared with base year, the rainy days in 2009 re-
duced by approximately 20 days, the highest (36.25d)
with decreasing can be found in Chongqing city,
followed by Yunnan province (29.7d), and Guangxi
(27.28d). For the change of rainy days of September-
December month, Yunnan province showed the highest
decreasing days with 16.95d, compared with the base
year, the decreasing is 42.22%, followed by Chongging city
(14.61d and 31.57%), and Guangxi (12.37d and 35.02%).

Generally, compared with the base year, regardless of
precipitation amount or rainy day, distinct reduction
has been tested in 2009, especially in the month of
September-December.

The change of temperature

Generally speaking, compared with the base year, regardless
of mean temperature, maximum temperature or minimum
temperature in 2009, temperatures increased significantly
on annual and the month of September-December scale.
The temperature warming close to 1°C on annual scale for
all three indices, maximum temperature increasing is slight
stronger in strength than that of mean temperature and
minimum temperature, except in Guizhou province in-
creasing is only 0.79°C, the other four province, the increas-
ing are above 1.15°C, Yunnan province is the highest with
1.29°C, followed by Chonggqing city (1.22°C), Sichuan (1.18)
and Guangxi (1.15), the warming is quite clear. The change
of minimum temperature is almost similar to that of
maximum temperature, compared with the base year,
Chonggqing city increasing is only 0.89°C, the other four
provinces, the increasing are above 1°C, Sichuan prov-
ince is the highest with 1.13°C.

For the month of September-December scale, the
same to annual scale, the maximum temperature in-
creasing is slight stronger than that of mean temperature
and minimum temperature, the increasing is also more
than 1°C except Guangxi and Guizhou. Compared with
the base year, Yunnan province and Sichuan province
even reach 1.76°C, 1.44°C respectively. The warming of
maximum temperature is very clear in 9-12 month. Com-
pared with the base year, even the minimum temperature,
more than 0.55°Cwarming has been detected. Thus, com-
pared with the base year, clear warming has been found in
9-12 month 2009 for SWC.

Interpretation: relation with large-scale circulation
The spatial and temporal change trend of extreme pre-
cipitation and temperature has been investigated for
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Table 1 The change of temperature and precipitation compared with the base year (1960-1990)

Chonggqing Guangxi Guizhou Sichuan Yunnan SWC
Pchange (%) -832 -13.49 -20.07 -9.05 -18.00 -13.76
Pchange of 9-12 month (%) -3042 —27.80 —49.42 —2742 —48.40 -35.76
RD change (%) -36.25 —27.28 —22.46 -17.57 -29.70 —23.86
RDchange of 9-12month (%) -14.61 -1237 -9.84 -11.25 -16.95 -12.28
Tehange of min(°C) 0.89 1.04 1.01 113 1.08 1.10
Tehange of min in 9-12 (°C) 0.55 1.12 0.62 0.94 0.70 0.87
Tehange("Q) 0.89 1.07 0.84 1.02 1.09 1.04
Tehange of 9-12 (°C) 0.69 0.96 0.55 1.09 1.12 0.96
Tehange of max (°C) 1.22 1.15 0.79 1.18 1.29 097
Tehange of max in 912 (°Q) 1.10 0.72 0.53 144 1.76 1.02

Tehange=T2009"T1960-1990; Pchange=(P2009-P1960-1990)*100/P1960-1990; RD change (Rainy days)_(RD2009-rp1960-1900)*100/RD1960-1990.

SWC in 2009 in detail. In general, rising temperatures
lead to increased surface evaporation, coupling with less
rainfall, will result in severe drought. The mega-drought
of southwest China 2009-2010 may be due to these
causes. But what cause less rainfall and unreasonable
high temperature in 2009 over SWC?

Many scholars studied the change trend of temperature
revealed that the significant warming has been detected,
and the warming is more prominent in the winter and
spring month (Du, 2001; Ren et al,, 2005; Qin et al., 2010).
Therefore, unreasonable extreme high temperature in
2009 over SWC may result from global warming.

The dynamic mechanism of extreme precipitation
variability is complicated, combined with local climatic
conditions, because the topography of SWC is rather
complicated with the Yunnan-Guizhou Plateau, the
western of Sichuan plateau, the Hengduan Mountains,
eastern Sichuan hills and the Sichuan basin, the highest
mountain chains of the Qinghai-Tibetan Plateau is lo-
cated in the west of SWC, which resulting the micro-
climate is very prominent for SWC, combined with
affect of the micro-climate, which lead to more compli-
cated causes for precipitation over SWC. The significant
impact of Qinghai-Tibetan Plateau on the distribution of
water vapour flux and its seasonal variability has been
measured, and there also has an important effect of the
Sichuan Basin on water balance of payments of the sur-
rounding area (Tao and Yi, 1999). The temporal and
spatial evolution of Plateau—monsoon water vapour trans-
port is the important scientific reference to recognize the
cause of unusual droughts and floods in China and east
Asia has been reported (Xu et al., 2002). It has long been
recognized that the Tibetan Plateau, as the largest and
highest Plateau in the world, affects the atmospheric cir-
culation through land surface processes in addition to dir-
ect topographic influences (Zhao and Chen, 2001; Wu
et al. 1998; Wu et al. 2004; Wu and Zhang, 1999; Liang

et al. 2005; Zhu et al. 2007; Wang et al. 2008; Xu et al.
2008).

In addition, the precipitation variability of SWC may
have a link with the EI Nino—Southern Oscillation
(ENSO) and the magnitude of East Asian Monsoon and
Southwest Monsoon. The southern branch trough is the
major weather system which affects the precipitation of
SWC which is mainly from the Bay of Bengal (BOB),
thus, also named the southern branch trough of the Bay
of Bengal (SBTBB). The activity of SBTBB has distinct
seasonality, mainly in from October to the next June, the
most active period is in March to May, and the seasonal
change and amount of SBTBB are closely related to the
cold and warm air activities (Suo, 2008). It has been rec-
ognized that the onset of the BOB monsoon is directly
linked to the thermal as well as mechanical forcing of
the Tibetan Plateau (Wu and Zhang, 1998).

SST in the equatorial Pacific Ocean continues to in-
crease. Since the beginning of May 2009, positive SST
anomalies have been observed in all Nifo regions (Sergei
Rodionov. ENSO 2009-10: Chances of El Nifo in-
creased, 2009), the SST anomalies impact of this weak-
ening of the southwest monsoon (Zhang et al. 2003). El
Nifio dissipated during May 2010 as positive surface
temperature (SST) anomalies decreased rapidly across
the equatorial Pacific Ocean and negative SST anomalies
emerged across the eastern half of the Pacific (Climate
prediction center/Ncep. La NINO/Southern Oscillation
(ENSO) diagnostic discussion, 2010). The EAWM (East
Asian Winter Monsoon) generally becomes weak when
there is a positive SST anomaly in the tropical eastern
Pacific (El Nino), and it becomes strong when there is a
negative SST anomaly (La Nina) (Chen et al. 2000, Li
et al. 2001; Yan et al. 2003; Huang et al. 2004). Zhou and
Wu (2010) and Mu (2001) examined the respective im-
pacts of the East Asian winter monsoon and ENSO on
winter rainfall in China. They observed the influence of
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ENSO on winter rainfall is mainly in southern China
whereas a weak EAWM, southerlies penetrate north-
ward over eastern China winter rainfall, thus, which is
not conducive to the formation of precipitation in SWC.

The date of summer monsoon onset over South China
Sea (SCS) is consistent with the date of recurvature of
wind, and link with the sea temperature anomaly and
thermal regime over Tibetan Plateau (Chen et al.,, 1999,
Feng and Li, 2009), in general, the monsoon onset over
the eastern coast of the Bay of Bengal (BOB) in early
May, end in October, It is followed by the onset of the
East Asian monsoon over the South China Sea (SCS) by
20 May, then the onset of the South Asian monsoon
over India by 10 June (Wu and Zhang, 1998), Thus, if
the southwest monsoon end earlier or weaker in
strength than normal year which leads to easily the
emergence of the drought for SWC.

Wu and Qian (2003) studied the relation between the
Tibetan winter snow and the Asian summer monsoon
and rainfall and reported that light snow over the entire
Tibet region, the south and Southeast Asian summer
monsoon becomes weak, and there is less precipitation
in SWC.

Conclusions and discussion

The spatial and temporal variability of the extreme pre-
cipitation and temperature events, its long term trend
and its sub-seasonal variability over SWC is studied
based on annual and monthly data for 1960-2009 in this
investigation. The results indicated that annual max-
imum precipitation, 3-day (5-day and 7-day) maximum
precipitation and extreme precipitation of the peak over
threshold 90%, 95% and 99% shows an increase from
Northwest to Southeast and from west to east in SWC,
which is consistent with the path of the rain belt moving.
Because of southwest monsoon or southeast monsoon
climb along the windward slope at the junction of Sichuan
Basin and Qinghai-Tibet Plateau, which resulting another
rainstorm center has been observed in this area. However,
The MK showed that no clear trend of annual maximum
precipitation can be found over SWC, only seven are
negative and twenty-six is positive at above the 90% confi-
dence level, and scattered in SWC province.

The spatial distribution of the annual 3-day-maximum
precipitation, the annual 5-day-maximum precipitation
and the annual 7-day-maximum precipitation is similar
to that of annual maximum precipitation. Below
100 mm are all concentrated in the western Sichuan
Plateau, more than 200 mm are mainly in Guangxi Au-
tonomous Region, Ya’an of Sichuan province and south
of Yunnan province. And the temporal change trend of
the three indices is also similar to that of annual max-
imum precipitation, no significant trend has been found
over SWC.
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Most parts of SWC for rainy days are more than
120 days, more than 150 days even 160 days is in north
of Guangxi Autonomous Region, Guizhou province and
some parts of south in Yunnan province. Rainy day
trend test indicated 70% stations experienced a negative
trend, which widely located in every province, most part
of SWC showed decreasing trend except some part of
the western Sichuan Plateau and middle of Yunnan
province.

Annual maximum temperature display increase from
west to east, more than 40°C is concentrated in the east
of Sichuan Plain, below 30°C is scattered in the west of
Sichuan plateau. Trend test reveal that distinct positive
trend of annual maximum temperature has been ob-
served for SWC with 45 (9) stations showing positive
(negative) trends on 90% confidence level. The positive
trends can be found in the west of Sichuan plateau and
the Yunnan-Guizhou Plateau.

Taking all of the above indices into consideration, we can
conclude that rainy day and annual maximum temperature
display significant trend on 90% confidence level, no dis-
tinct regions of other indices have experienced trends for
annual indices.

The results for monthly scale showed that the negative
trend of rainy day prevail for SWC, mainly concentrated
in the September, October and November autumn month;
while positive trend prevail for other indices of precipita-
tion, and increasing trend in the first half of a year is
stronger than that of the second half of a year. For the an-
nual maximum temperature, positive trend are stronger
clearly than that of negative trend in every month. Overall,
January (October) shows the most distinct positive
(negative) trend of precipitation and its extremes, this is
somewhat in line with the findings of Marco (2010).

Compared with the base year, significant decreasing of
the precipitation and rainy day in 2009 has been investi-
gated, especially in the month of 9-12, nearly 50% de-
creasing of precipitation has been measured for 9-12
month in Guizhou and Yunnan province while regardless
of mean temperature, maximum temperature or mini-
mum temperature in 2009 displayed increasing trend on
annual and the month of 9-12 scale, compared with
1960-1990, the temperature increasing is closing to 1°C
for SWC in 2009. Lack of rain and unseasonably high tem-
peratures is the major contributor to the mega-drought
crippling into SWC. Southwest drought is generally not
caused by annual precipitation, and seasonal distribution or
the uneven spatial and temporal distribution of precipita-
tion (Yang et al, 2011). The analysis of drought in 2009
October to 2010 March in Southwest China, shows that
the southern branch trough strength continued weak,
groove of southwest air current water vapor transport is
abate, the arrival of water vapor in the southwest region of
China is correspondingly reduced, resulting in the severe
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drought in southwest area (Wang and Li, 2010). And the
analysis of the drought causes of the fall in 2009 to the
spring in 2010, Huang et al. (2012) pointed out the Airflow
anomaly over central and Southeast of Qinghai Tibet
Plateau, which makes the water from the bay of Bengal
cannot flow to the southwest of China, resulting in less
precipitation and serious drought. At the same time, he
also found the time is to should decay time of El Nino
event, the anti cyclonic circulation anomaly in the lower
troposphere over the tropical western Pacific, and then
the anti cyclonic circulation anomaly from the tropical
western Pacific through the South China Sea to the bay of
Bengal lower troposphere over, it is the anti cyclonic cir-
culation anomaly which induces the persistent severe
drought in the southwest China (Huang et al., 2012).

In fact, there are many reasons for drought in the
southwest, and the reason is also very complex. Different
scholars give different disciplines of explanation. For
example, the drought is a once-in-a-century climate
phenomenon for the meteorological statistics, India
ocean water vapors is separated by the Qinghai Tibet
Plateau for the meteorological geography, the drought is
caused by the earth exhaust and exhaust heat for the
earth Meteorology, the drought is caused by the leakage
of surface water of Karst landform for geology, the
drought is blamed on the Known as the “pump” species
speed species eucalyptus and rubber trees with Large
area planting which absorb the excessive groundwater
and surface water for biology (Yin and Li, 2013).

Although no distinct change in annual precipitation
amount, significant change has been measured for
monthly precipitation, overall, increasing trend prevail
of maximum precipitation, rainy day intensity and an-
nual precipitation in the first half of a year, which result-
ing easily in the increase of frequency of extreme events,
that is, increase the frequency of flooding and drought.
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