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ABSTRACT 

Extreme climate events have significant influences on ecological systems and social economic systems. The global cli- 
mate is becoming warmer and warmer, so extreme climate events will probably increase in both frequency and intensity, 
and the Northwest arid region of China is situated in the middle latitudes, all of which combine to make this area be- 
come the most sensitive region to global climate change. For this reason, based on home and broad literature of research 
in extreme climate events, this paper mainly discusses those scientific problems which are waiting for resolved and we 
should strength work that those need research in future from extreme climatic events concept, their change regular, the 
discussion of theory reasons, and review from mode and simulate, as well as sum up some research results related ex- 
treme climatic change. 
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1. Introduction 

In recent hundreds years, the global climate has under- 
gone noticeable changes mainly characterized by warm- 
ing [1]. The increase in the average temperature not only 
has a direct influence on the change in the temperature 
extreme, but also speeds up water circulation, so that 
there is a drastic increase in the frequency and intensity 
of extreme climate events such as hot weather, droughts, 
rainstorms, and floods [2]. Compared with climatic mean 
states, extreme climate events often exert greater influ- 
ences on economy, society, and ecological systems [3-5]. 
China is one of the countries that suffer the most serious 
natural calamities. From 1993 to 2003, the national eco- 
nomy of China suffered a loss of 210 billion (RMB) due 
to meterological disasters, which destroy 3% - 6% of 
China’s GNP every year [2]. So extreme climate events 
have drawn the attention of all the national governments 
and researchers [2,5]. Carrying out research into extreme 
climate events is not only necessary to guaranteeing na- 
tional security, developing economy, and preventing and 
reducing natural disasters, but also has direct bearing on 
national economy and people’s livelihood. 

The arid northwest China is influenced by the rise of 
the Qinghai-Tibet Plateau, the effect of the westerly wind 
circulation, and the alternation of high mountains and 
vast basins; zonal mountainous ecosystems, desert eco-  

systems, and zonal oasis ecosystems interact on each 
other, carrying out the matter migration and energy con- 
version process which has water as its driving force, 
forming the special natural unit whose basic feature is the 
compound ecosystem of mountain-oasis-desert, so that 
this region is the most sensitive one because of the global 
climate change. Due to the joint influence of climate 
change and human activities, arid areas, with ice and 
snow melt water as their bases of water resource system, 
are very fragile. Increases in temperature cause seasonal 
changes in the runoff of ice and snow melt water, and 
cause variations of water resource, resulting in the de- 
cline of the stability of the water circulation system and 
the renewability of water, an increase in the uncertainty, 
and an increase in the frequency and intensity of extreme 
climate/hydrologic events. For example, in 2006, there 
were frequent floods in northern Xinjiang and droughts 
in southern Xinjiang; in 2008, there was incredibly little 
precipitation in northwest China, which was the most 
serious drought in thirty years; in the winter of 2009- 
2010, there were snowstorms rare in nearly fifty years in 
northern Xinjiang, resulting in widespread catastrophes 
such as the snow-slide and disastrous snowmelt floods, 
therefore, cause at least 500 thousands people were suf-
fered natural disaster; in winter of just past last year 2011, 
North in Xinjiang has already been subjected to some 
bad weather such as cold wave, heavy snow etc, and also 
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appeared continuous snow storm which occurred once in 
60 years, its feature is large rainfall, thick snow, big am- 
plitude of variation on temperature, as well as continuous 
low temperature and long time snows, as result a number 
of index exceeded historical limited value. Hydrology 
events arise from Climatic change aggravate the influ- 
ence of water supply system in arid region Xinjiang, 
Northwest China, it also make the oasis agriculture pro- 
duction unstable, so increase safe operation risk for sig- 
nificant project. 

With the weather continuous becoming warmer and 
warmer in global, those extreme climatic events appeared 
more and more in arid region of Northwest , China, such 
as low temperature, snow storm, sand storm, strong wind 
etc [2]. 

At present, scholars home and abroad are carrying out 
research into the patterns of the occurrence and evolve- 
ment of extreme climatic events in different fields from 
different dimensions. Therefore, it is of great significance 
to have a clear idea of the research into extreme climate 
events, the trends of international research, for the reduc- 
tion of extreme climate events and the improvement of 
human ability to adjust and cope with them. 

2. Testing Indexes and Methods of Extreme 
Climatic Change 

For a specific place and time, extreme climate events are 
events of extremely little incidence seen from the angle 
of probability distribution. They usually constitute 10 per- 
cent or less of the same kind of weather phenomena; ex- 
treme climate events are the mean state of large num- 
bers of climate extremes in a specific period. This aver- 
age state is also extreme compared with the climate mean 
state of that kind of weather phenomena [6]. Although 
there are considerable research results of past extreme 
climate [7-9]; Alexander et al. [9] it is difficult to com- 
pare the results of different researches because of diffe- 
rent ways of defining extreme climate, different lengths 
of time series of the material used, different densities of 
spatial distribution or types of material, and different trend 
test methods, etc; it is more difficult to piece together the 
research results of different regions into a whole to re- 
flect the characteristics of the overall change of regional 
extreme climate events. 

At present, there is a unified standard to study the cha- 
racteristics of extreme climate change, i.e. extreme cli- 
matic index, which is the result of calculating the daily 
maximum, minimum and mean temperatures or daily 
precipitation. This method was initiated by the WMO at 
the climate change conferences from 1998 to 2001 [10]. 
Alexander et al. [9] classify these indexes into five cate- 
gories: 1) relative indexes based on threshold in percent- 
age; 2) absolute indexes representing the maximum or 
minimum value of a certain season or year; 3) threshold 

indexes of the number of days whose temperatures or 
precipitations larger or smaller than a certain fixed thre- 
shold; 4) duration indexes corresponding with over cold, 
over hot, over dry, over wet durations or growth cycles in 
comparison with growing season durations; 5) other in- 
dexes, including total precipitation, diurnal temperature 
range, mean rainy-day precipitation intensity, extreme 
temperature difference, and the percentage of annual ex- 
treme precipitation among total precipitation. These in- 
dexes, with their weaker extremity, low noise, and strong 
significance, can display the changes in the different as- 
pects of extreme climate [11]. These extreme climatic in- 
dexes, taking into consideration the intensity and dura- 
tion of extreme climate events, have been recommended 
by the European STARDEX plan to describe key indexes 
related to extreme climate events. 

Because of its representativeness in the study of cli- 
mate extremes, extreme climatic index has been widely 
used both home and abroad [12,13]; however, most re- 
searches concentrate on a certain kind or type extreme 
climate events but comprehensive research of many kinds 
or types of extreme climate events in a certain region is 
not enough [14]. In the test and research of the influence 
of climate change, it is often necessary to learn about the 
general change in the frequency and intensity of many 
kinds of extreme climate events in a certain region or 
country. Therefore, how to choose from various extreme 
climatic indexes those of specific climatic and social eco- 
nomic indicative significance, construct a regional ex- 
treme climatic composite index, and analyze the past and 
future trends of change, is worthy of research. 

Karl et al. [15] defines a climatic extreme index (CEI) 
oriented to mainland United States, taking into consid- 
eration the index of extreme temperatures and precipita- 
tion, which consists of monthly mean maximum tem- 
perature, monthly mean minimum temperature, extreme 
daily precipitation, number of days of precipitation, that 
of non-precipitation, and Palmer index (PDSI) and ana- 
lyzed on the basis of yearly and seasonal mean. Gleason 
et al. [16] revised this index, adding earlier material 
points and updated the sequence to the year 2006. How- 
ever, because of the different climate conditions of dif- 
ferent regions and countries, their kinds and influences of 
extreme climate events are also different. Moreover, 
different climate events have drastically different influ- 
ences on a region or country while CEI laid on extreme 
climate events of five indexes the same emphasis. So al- 
though the conception of CEI has some value of refer- 
ence, it cannot be applied to a country or region, and an 
index of regional value must be constructed according to 
local needs. 

3. The Feature of Change and Influence of 
Extreme Climate Events 

Past researches on climate change were mainly focused 
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on changes in mean temperatures and precipitation, how- 
ever, changes in the frequency and intensity of extreme 
climate events have greater influence on society and the 
environment [14,17]. Therefore, scholars both home and 
broad have in recent years attached importance to ex- 
treme climate events and achieved a lot. For example, 
studies indicate that there have been an increase in the 
frequency and intensity of extreme precipitation events in 
the middle and higher latitudes of the Northern Hemi- 
sphere [2,9], and there is an obvious decrease in the fre- 
quency of extremely cold nights related to minimum 
temperatures but a notable increase in the frequency in 
extremely warm nights in most terrestrial areas [4,11,17, 
18], the droughts in the subtropics of the global land ar- 
eas are more severe and enduring, the activity of the se- 
vere tropical cyclone of the North Atlantic area have in- 
creased [2]. In the future, because of the influence of 
greenhouse effect, there will be a continuous increase in 
the frequency of heat events, heat waves, and heavy pre- 
cipitation events [2], and there is a general tendency of 
rainstorms and droughts to increase and displays an ob- 
vious regional difference [2,19]. 

Extreme climate events in China have strong regional 
characteristics and more complex and changeable fea- 
tures. Temperature-related indexes have assumed notice- 
able changes; for example, there is an obvious increase in 
warm summer nights, an evident decrease in frost days 
[17]. and a clear trend for daily maximum and minimum 
temperatures to rise in north China, however, precipita- 
tion-related index reflect significant regional disparities 
or local characters; for example, there is a general trend 
for rainstorms to increase but it is very slight and there is 
an obvious seasonal change [20]; there is a very notic- 
able increase in the mean precipitation intensity extreme 
in east China and the area in which extreme appear is 
expanding [8], maximum precipitations of five succes- 
sive days and precipitation events of more than heavy 
rains have been increasing considerably in many regions 
[20,22]. In the east of northwest China, most of north 
China and the south of northeast China, there is a major 
trend of drought and there is also an aggravation of flood 
in the middle and lower reaches of the Yangtze River and 
southeast China; in northwest China there is also an in- 
crease in the frequency of heavy precipitation events 
[23]. 

Most research indicates that the changes in the fre- 
quency of temperature-related extreme cold (warm) days 
(nights) are probably the results of emissions of green- 
house gases; extreme heavy precipitation events in the 
middle and higher land latitudes of the Northern Hemi- 
sphere are also probably the reactions to global warming 
[2,22]. Scholars of all countries have connected the chan- 
ges in climate extremes to global climate changes. For 
example, Mearns et al. [24] point out that the mean value 

change of the original distribution of climate variables 
may result in the non-linear change in extreme value fre- 
quency and intensity; that is, slight changes in the mean 
climate field will probably bring about major changes in 
the intensity and frequency of extreme climate events [3]. 
When the extremity of extreme climate events is rela- 
tively considerable (i.e. departing from the mean value 
for over 1 standard deviation), the sensitivity of the vari- 
ance to mean value frequency will be much significant 
than that of the mean value to the extreme value fre- 
quency. China’s extreme climate change of the recent 50 
years can be 5 to 10 times that of mean climate change, 
but the mean climate change of some sites is not consid- 
erable while the reverse phase change of extreme climate 
is [25], so mean climate can hardly describe the actual 
process of climate change [2], and it is necessary to carry 
out research into the relationships between climate change 
and statistics distribution of climatic extremes, mean cli- 
mate statistical parameters and extreme climate statistics 
distribution. China’s abnormal climate is due mainly to 
constant abnormal large-scale atmospheric circulations. 
Under the background of global warming, a very impor- 
tant reason for regional climate change is the variation 
and adjustment as a result of the reaction of atmospheric 
circulations to global warming [26]. 

Northwest China, consisting of Xinjiang, Gansu, Qing- 
hai, Ningxia, Shaanxi and the west of Inner Mongolia, 
lies on the north and northeast of the Qinghai-Tibet Pla- 
teau. Its location in the center of a continent, its great dis- 
tance from ocean, and the topographic action of the 
Qinghai-Tibet Plateau have resulted in the dry climate of 
this part of China, while the action of heat and movement 
of plateau topography and the inter-annual change in pre- 
vailing circulation bring about the change of relatively 
dry and wet years in arid regions. Qian et al. offer their 
circulation chart of the summer vertical circulation chart 
of Qinghai-Tibet Plateau and its surrounding regions, 
graphically showing that there exist downdraft areas on 
the north and northeast sides, which coincide with China’s 
northwest arid and semiarid regions. The deserts, gobi 
deserts, and exposed underlying surfaces react quickly to 
the heat of sunlight, resulting in strong surface evapora- 
tion potential, thus aggravating the acidification. Global 
changes have a profound influence on the changes in nor- 
thwest China’s climate and ecological environment. This 
region’s climate system has a complicated composition, 
and the external forcing of global climate change usually 
bring about drastic changes in the climate system in this 
region. The southeast monsoon, the southwest monsoon, 
the plateau monsoon, and the westerly circulation com- 
bine to influence the climate changes in northwest China; 
at the same time, the thermal and dynamic action of the 
Qinghai-Tibet Plateau and the changes in the northwest 
underlying surface can both bring about climate changes 
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in this region, rendering the climate problems extremely 
complicated. 

There has been considerable research into the influ- 
ences of urbanization and the changes in the use of land 
on regional climate and their influences on regional ex- 
treme climate events are mainly realized through chang- 
ing the surface albedo, ground water evapotranpiration, 
surface roughness length, and sensible heat flux, and la- 
ten heat exchange [27,28]. Zhai et al. [22] find that on 
the regional scale, the action of changes in land use on 
extreme climate events and precipitation can even be 
comparable to the radiation intensity of CO2, indicating 
that the influence of land-atmosphere interaction brought 
about by changes in land vegetation cover on extreme 
climate events is very important. Therefore, when study- 
ing the influence factors of extreme weather and climate 
events, changes in features closely connected with land 
use, such as land cover and soil moisture, are being at- 
tached more and more importance, and their importance 
has been proved by substantial research. The research of 
Griffiths et al. [29] into the extreme temperature change 
in the Asia-Pacific Region indicates that for urbanization 
sites, the mean value of both maximum and minimum 
temperatures can increase noticeably, and their standard 
deviation decrease markedly; for non-urbanization sites, 
it is mainly changes in their mean value and resultant 
changes in the maximum and minimum temperatures 
while the changes in their standard deviation are not ob- 
vious. However, past research mainly concentrated on re- 
search into climate mean state and seldom on the influ- 
ence of urbanization and changes in land use on extreme 
climate events. The influence of the change of underlying 
surface on extreme climate events is the issue that will 
deserve the attention of future research into extreme cli- 
mate events [5,28]. 

4. A Prediction of the Situation of Future 
Extreme Climate Events 

Like mean climate state, the major method of predicting 
the change brought about in extreme climate events by 
the increase in emissions of greenhouse gases, is numeri- 
cal climate model. Numerical simulated experiments con- 
ducted by using the Global Climate Model (GCM) have 
produced considerable achievements [2,26,29]. Famous 
GCMs are mainly the CCSM3 of the National Center of 
Atmospheric Research [30], the ECHAM5/ MP1-OM of 
Max-Planck Institute [31], and the HadCM2/3 of the Ha- 
ley Center for Climate Prediction and Research [32]. 

CCSM3, one of the most advanced climate system mo- 
dels in the world, has been widely used in all the fields of 
ocean and climate research, and it occupies an especially 
important position in the Fourth IPCC Assessment Re- 
port [33]. Since the horizontal resolution of GCMs is us- 
ually several hundred kilometers, and description is ob- 

viously insufficient of mountains and seacoasts, the phy- 
sical processes of land surface, and mesoscale air cur- 
rents, it is difficult to simulate the spatial distribution of 
regional temperatures of China [29] and centers of pre- 
cipitation. Therefore, dividing the results of prediction of 
global scale climate simulated with climate models, em- 
ploying the method of statistic down-scaling or statistic- 
dynamical downscaling to simulate meso- and small-scale 
regional climate scenarios has become an important 
means of predicting future climate scenarios worldwide. 
Studies indicate that a series of results related to climate 
extremes can be obtained from the prediction results of 
global climate models by means of downscaling [34]. 

Since regional climate models (RCM) of high-resolu- 
tion grid points can very well reflect the surface features 
that influence local climates and the future laws of vibra- 
tion of climate itself, and overcome the limitations of 
GCMs. GCM is considered the best downscaling method 
to obtain high-resolution information of local climate 
changes. At present the most widely used is the RegCM 
of NCAR, which has been employed to carry out simula- 
tion study of the United States, Europe, Africa, Australia, 
East Asia-West Atlantic Area [35,36] is a regional cli- 
mate model developed and improved by the International 
Center for Theoretical Physics on the basis of RegCM2 
[37] from 2003 to 2004 which is much faster and simpler 
in calculation and the input and output of data. 

With the development of computer technology, RCM 
has been widely used in the climate simulation of inter 
decadal change temporal scale and the prediction of cli- 
mate change (IPCC, 2007). In the past models of the re- 
solution of over 50 km was used to carry our several 
months’ or even several years’ integration. Now models 
of the resolution of 20 km or higher resolution are ado- 
pted to carry out inter-decade-scale climatic simulation 
and prediction of climate change [38]. For example, Ja- 
son et al. [39], by means of RegCM2, simulated the fu- 
ture time and length of growth season and the frequency 
and intensity of extreme temperature and precipitation in 
California; Mizuta by using the extreme indexes defined 
by Frich et al. [11], analyzed the results of simulating ex- 
treme event change in Japan by means of the 20 km re- 
solution global climatic model. Some effort has gone into 
applying regional climatic models in China [40]; for 
example, Shi et al. simulate the extreme climate events in 
east China by using RegCM3 [41] (resolution: 20 km), 
but not much research has been conducted into the inte- 
gration simulation of comparatively longer time scale 
under the background of climate change [42]. Besides, 
since the temperature simulated by using the global cli- 
matic model are systemically low compared with obser- 
ved value [20], a better method should be worked out to 
revise the climatic scenarios. 

Since the theory structure is same for different air cir- 
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culation mode, but they are different on mode boundary 
set and space resolution etc, which lead to output result is 
uncertainty [2]. Toward complicated geography and land- 
form in Northwest region and subject to number of driv- 
ing power influence, so GCM output result can not de- 
script regional climate feature completely, and the value 
of runoff calculated have a big error [43]. Two method 
were made including improve GCM mode [40,41] and 
adopt downscaling, as well as establish regional climate 
mode (RCM) in order to make up deficiency of GCM at 
this respect. In spite of both downscaling technology be- 
tween dynamic downscaling and statistic downscaling me- 
thod have an argument [44] on which one is better, the 
dynamic downscaling technology more and more widely 
is used. 

5. Existing Questions and Study Direction in 
Future 

In summary, so many achievements were made on ex- 
treme climatic events, but it is very difficult to make a 
compare to different study result due to different defined 
method, sequence length utilized, space distribution den- 
sity or different data type, as well as different method for 
trend inspection etc, and also can’t reflect extreme cli- 
matic change feature if combined with different research 
result as one whole. The detect of extreme climatic chan- 
ges need utilize maturity index and statistical method. 
The current extreme climatic index exist some defects, so 
need to continuous to improve according to specific situ- 
ation in various region. Under the background of climatic 
changes, the feature which weather factors probability 
distribution may be change, as result it is more difficult 
for us to inspect variation of climate limited value, there- 
fore, we need to adopt new mathematical tools to de- 
script the extreme climatic background status correctly. 
The calculate and analyze about extreme climatic se- 
quence liner trends depend on the selection of time-scale, 
at the same time, the trends is subject to the influence of 
extreme limit value, so how to calculate and analyze more 
correctly the trends, we are waiting for further study. 

In addition, mostly research main focus a certain kind 
of or one category extreme climatic events, but now we 
lack study and research toward number of kinds or cate- 
gory extreme climatic events in one region. In inspection 
and influence of climatic changes, as well as those activi- 
ties performed by government and citizen against clima- 
tic changes, we often need know change frequency and 
intensity totally situation occurred by climatic change in 
one region or more countries, in order to know about pro- 
bable response signal of region climate, and comprehen- 
sive influence of a number of kind extreme climatic 
events frequency and intensify generated. In short, the 
study for extreme climate events and its changes is just 
only beginning compared to average climate and its 

changes, so many problems unknown are worthy to dis- 
cuss and research, also those questions were not being 
involved in are waiting for us to do further and widely 
study and research, such as small-scale outburst of ex- 
treme climatic events. 
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