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ABSTRACT

In the present work, precipitation and temperature related climate extremes are examined, with a focus on
Mainland China. The objectives of this study are a) to identify targeted climate extremes and their changes
during the last decades, and b) to examine the ability of current global climate models to reproduce
identified patterns of change.

The observed change in extreme precipitation from 1961 to 2000 is investigated using a set of indices,
and the change simulated by global climate models is evaluated. In order to find an appropriate gridding
method for the extreme indices in model evaluations, the effects of two different methods for estimating
indices from station data are examined: one set interpolated from indices at stations (Elsta) and the other
calculated from gridded precipitation (Elgrip). Results show that there is a large difference between the
two, especially at coarser resolution, and suggests that Elgrip indices are more appropriate to evaluate
model simulated precipitation extremes. During the period in question, observed extreme precipitation
amounts increased in most parts of China, the only exception being northern China, where there was a
decreasing trend. The trend of consecutive dry days (CDD) observed there is generally opposite to that of
extreme precipitation elsewhere in China, except in southeast China, where both extreme precipitation and
CDD increased. Most of the studied global climate models tend to overestimate extreme precipitation
amounts but underestimate CDD. The pattern of precipitation extremes is generally well captured in
western China, while in eastern China, where the combination of the monsoon system and human
activities (e.g., anthropogenic changes in land use and aerosols) affects climate variation, with the result
that climate patterns are reproduced poorly by comparison.

In regard to temperature-related extremes, the variation in the occurrence of winter cold surges in
southeast China for the period from 1961 to 2005 is investigated. The identified cold surges are divided
into 5 different groups based on the evolution pattern of the Siberian High (SH). Associated evolutions of
the large-scale atmospheric circulation are investigated. Results suggest the importance of a SH
amplification and pre-existing specific synoptic systems to the occurrence of cold surges. Investigating the
long-term changes in cold surges of different groups, it is found that the SH-related cold surges (33%)
have decreased in the last 20 years, while cold surges more closely associated with background
atmospheric circulation systems, which often have a larger impact area (i.e., stronger cold air outbreak)
than the SH-related ones, have increased since the early 1980s. Although the intensity of SH was
relatively weak with warmer surface air temperatures over China during the period from 1980 to 2005, the
total number of cold surges in this period was nearly identical to that of previous decades. This implies
that future occurrences of cold surges in southeast China may remain at current levels, provided that the
contribution from the SH-related surges does not change dramatically.

Keywords: Climate extremes, Precipitation, Cold surge, Siberian High, CMIP5, reanalysis, atmospheric
circulation
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1. Introduction

1.1. Climate extremes and their significance

An extreme weather event, according to the IPCC (2007), is “an event that is rare at a particular
place and time of year. Definitions of rare vary, but an extreme weather event would normally be
as rare as or rarer than the 10th or 90th percentile of the observed probability density function. By
definition, the characteristics of what is called extreme weather may vary from place to place in
an absolute sense. When a pattern of extreme weather persists for some time, such as a season, it
may be classed as an extreme climate event, especially if it yields an average or total that is itself
extreme (e.g., drought or heavy rainfall over a season)”. As noted in the definition, the distinction
between an extreme weather event and an extreme climate event is not precise, but is related to
their specific time scales: an extreme weather event typically occurs within a time-scale of
approximately one week, and an extreme climate event typically occurs within a time scale
longer than a week and up to as long as a season. For simplicity, both extreme weather events and

extreme climate events can be referred to by term “climate extremes”, such as in IPCC (2012).

Climate extremes often cause great economic damage to infrastructure and property (Munich-
Reinsurance 2002), and consequently both the detection and the prediction of extreme climate
events are important topics in climate research (Easterling et al. 2000; Kunkel et al. 1999; Meehl
et al. 2000). In particular, precipitation and temperature-related climate extremes have been
widely examined to understand their past, present and future variability. During the past 50 years,
global observations generally show an increasing trend in warmer days and a decreasing trend in
colder days over most land areas. Also there is an increasing trend in extreme heavy precipitation
events over many areas of the globe, even though the total precipitation is decreasing in many
parts of the world (Easterling et al. 2000; Hegerl et al. 2006; Rummukainen 2012). It is expected
that these trends will very likely continue into the 21% century (IPCC 2012). The global change in
temperature-related extremes and, though less conclusively, the intensification of extreme
precipitation on the global scale are regarded to be influenced by anthropogenic climate forcings
(IPCC 2012).



1.2 Extreme precipitation

Extreme precipitation is one of the most important variables for practical needs, but it is very
difficult to define due to its weak spatial coherence (Alexander et al. 2006; Frich et al. 2002).
Extreme precipitation events are often described by defining indices based on precipitation rate
(Chen et al. 2006; Moberg et al. 2006), such as consecutive dry days (CDD) and amount of
extreme heavy precipitation (top 5 percentile (R95pTOT) and top 1 percentile (R99pTOT) in the
total record), etc. For numerous scientific and practical purposes (e.g., examining regional trends
and evaluating model simulations), extreme precipitation indices on regular spacing grids are
often needed (Alexander et al. 2006; Kiktev et al. 2003). Thus, extreme precipitation estimated
from station-based observations has to be converted into gridded values. Generally, there are two
ways to obtain gridded extreme precipitation indices (Chen and Knutson 2008): a) first
calculating indices from daily observations for all available stations, and then interpolating the
indices into different horizontal resolutions (here referred to as Elsra, thismethod will be further
explained in section 3.1.1), and b) first interpolating daily station observations into different
horizontal resolutions (area-mean precipitation) and then calculating extreme precipitation
indices based on the gridded precipitation (Elcrip hereafter, see section 3.1.1). Results have
shown that the difference between the two approaches can be significant (Chen and Knutson
2008).

Despite large uncertainties in the model projections, global climate model simulations are
virtually the only means to project future changes in extreme precipitation. There are three main
sources of uncertainty: the natural variability of climate; uncertainties in climate model
parameters and structure; and projections of future emissions. For precipitation-related extremes,
the uncertainties in projected changes by the end of the 21% century are due mainly to
uncertainties in the climate models rather than in future emissions scenarios (IPCC 2012). The
uncertainty in the projections of extreme precipitation is even larger on regional scale. On the
other hand, the horizontal resolution of models may also influence the utility of models in
simulation precipitation extremes (Chen and Knutson 2008; Walther et al. 2013). Therefore, the
ability of global climate models to simulate extreme precipitation is investigated very carefully

when we interpret the regional scale projection of the models.



1.2.1 Extreme precipitation in China

China is frequently hit by extreme precipitation events (e.g. floods and droughts), which cause
significant economic and societal disruptions (Zhai et al. 2008). As an example, the floods in
1998 caused $36 billion in economic losses and killed more than 3000 people in the Yangtze
River valley in southern China and in the Nenjiang-Songhuajiang valley in Northeast China
(NCC, 1998). The frequency of such events is predicted to increase in association with climate
warming (Feng et al. 2011; Gong and Wang 2000; Qian et al. 2007a).

Observations of the past 50 years have shown that both extreme heavy precipitation days and
drought area have increased (Ren et al. 2011). During this same period, days of light rain
decreased (Wang et al. 2012), and the ratio of extreme precipitation to mean precipitation has
increased (Wang et al. 2012) over most areas of China.

In particular, there is notable difference in regional trends of extreme precipitation over
different regions of China (Easterling et al. 2000). The number of rain days has significantly
decreased in Eastern China, and increased in northwest China (Wang et al. 2012). The decrease
in number of rain days in northern China, which is associated with the decrease in the number of
light rain days (Liu et al. 2011), has led to the decrease of total precipitation in this region (Zhai
et al. 2008). The decreasing trend in the number of light rain days in east China might be
connected to significant regional warming (Qian et al. 2007b), as well as to increases in aerosol
concentrations (Qian et al. 2009). Reduced wind speed due to weakened topographic lifting may
also have caused decreases in light rainfall over mountain areas (Yang and Gong 2010).

The frequency of extreme heavy precipitation days increased in southern and northwest China
and decreased in northern China (You et al. 2011; Zhai et al. 2005). This is similar to the pattern
of the total precipitation. The increase of precipitation intensity and extreme precipitation have
led to an increase in total precipitation in the mid-lower reaches of the Yangtze River (Su et al.
2005) and the southeast coast of China (Zhai et al. 2005). There is also an obvious connection to
season in the occurrence of extreme heavy precipitation, as there is an increasing trend mainly in
winter and a decreasing trend in autumn over the most of China (Wang and Yan 2009; Zhai et al.
2005). Nevertheless, the systematic detection and assessment of changes in extreme heavy

precipitation in China remain deficient.



The global climate models from the third phase of the Coupled Model Intercomparison Project
(CMIP3) (Meehl et al. 2007) tend to underestimate extreme precipitation in China (Jiang et al.
2011), especially during summer in eastern China where there the extreme precipitation is
underestimated by around 50% (Li et al. 2011), and this has important implications for regions
such as northern China, where most of the extreme precipitation occurs during the summer wet
period (Bai et al. 2007). Due to the fact that climate models are the only means available for
projecting the future, there is urgent need to investigate the ability of the new, phase five, CMIP

models (CMIP5) (Taylor et al. 2012) to reproduce extreme precipitation in China.

1.3 Cold surges

On global scale, cold surges, which are bringing low temperature extremes, are frequently
observed to the east of major north-south oriented mountain ranges, and there are three major
cold surge regions, namely Southeast Asia (bordered by the Himalayan Plateau), North and
Central America (east of the Rockies and Mexican Sierras), and South America (to the east of the
Andes cordillera) (Garreaud 2001, and references therein). The passage of a cold surge is
typically characterized by a rapid decrease in air temperatures at low levels accompanied by
sharp increases in surface pressure and equatorward low-level winds (Garreaud 2001). In this
work, we focus on East Asian cold surges, specifically over southeast China, where there is large

population.

Over East Asia, the cold surge is one of the primary subsystems of the East Asian winter
monsoon (EAWM) (Jeong et al. 2005). Typically, East Asian cold surges are associated with an
abrupt temperature drop and a change of wind direction from easterly to northerly in association
with the passage of a cold front. The cold surge in south China is also called the northerly winter
monsoon surge (Wu and Chan 1995, 1997). Due to sudden changes in temperature and pressure
(Chang et al. 1979; Wu and Chan 1995), occurrences of cold surges can have massive impacts
both on the environment and on human activities (Lin et al. 2009; Yang et al. 2009). Cold surges
in southeast China often induce intense rainfall (Chen and Ding 2007) and snowfall. As an
example, the cold surge that occurred from 10 January to 5 February, 2008, induced extremely
damaging frosts, snow, and ice storms in southeast China (Lu et al. 2010; Yang et al. 2010) and
caused $24 billion in economic losses, 11867 kilohektare crops damaged, killed 129 people and 4
people lost (DCAS/NCC/CMA 2008; Zhao et al 2008).



In terms of large-scale atmospheric circulation, the onsets of cold surges in East Asia are
mostly associated with an intensification and southeast propagation of the Siberian High (SH)
(Ding 1990; Wu and Chan 1997) and therefore occurrences of winter cold surges are significantly
correlated with the SH intensity (SHI) (Wang and Ding 2006). The SHI is a primary factor in
determining the strength of the EAWM circulation; for instance the pressure difference between
the SH and the Aleutian low in the North Pacific is used to characterize EAWM circulation
(Chang et al. 2006; Wang and Chen 2010). Since early 1970s, significant weakening of both the
SH and the EAWM have been followed by obvious increases of winter time temperature and
prominent decreases in the frequency of cold surges in East Asia (e.g. Gong and Ho 2002;
Panagiotopoulos et al. 2005; Wang and Chen 2010; Wang et al. 2009; Wang and Ding 2006; Zhu
2008). However, there are many other factors which affect the occurrence of cold surges: e.g., the
El Nino/Southern Oscillation (ENSO) (Chen et al. 2004; Zhang et al. 1997), the Arctic
Oscillation (AO) / North Atlantic Oscillation (NAO) (Hong et al. 2008; Jeong and Ho 2005; Park
et al. 2011a), the Madden Julian Oscillation (MJO) (Jeong et al. 2005), and the East Asian jet
stream (Chang and Lau 1980; Wu and Chan 1995).

Southeast China is one of the major regions under the significant influence of cold surge
occurrences over Mainland China (Ding et al. 2009) and there is relatively high intra-seasonal
variability of wintertime temperature (Gong and Ho 2004). In this region, the winter (December-
January-February, DJF) mean temperature is generally higher than 5°C (Figure 1.1), which is
much higher than temperatures in central and northern Siberia (where winter temperature is
usually below -20°C). When there is an eastward and southward propagation of the SH (Zhang
and Chen, 1999), the cold air in northern Eurasia is brought into southeast China (i.e., cold surge
occurrence) causing a sudden temperature drop in this region (Ding and Krishnamurti 1987; Ding
1990; Zhang and Chen 1999). A recent work by Chen et al. (2004) indicates that there is no clear
decreasing trend in the frequency of cold surges over East Asia during the period from 1980 to
2000 and there is even a slight increase in the frequency during the period from 1980 to 2006
(Park et al. 2011b). Some cold surge outbreaks in East Asia may not affect southeast China.
Especially during the negative phase of AO, cold surges tend more frequently to occur over
Korea and Japan and less frequently over China (Park et al. 2011a). Therefore the change in the
occurrence of cold surges in East Asia may not reflect the change in the occurrence of cold in

southeast China.



So far, very few studies have focused on the occurrences of winter cold surges in southeast
China. The investigation of the variation in the occurrences of cold surges during the past 40 to
50 years, especially during the period since 1980 which has seen the mean temperature in China
increase significantly (Liu et al. 2004), remains deficient. Moreover, since the cold surge
frequency in East Asia is shown to have been kept stable for the last few decades despite an
overall decreasing trend in cold days (Park et al. 2011b), it is of interest to investigate the
mechanisms behind this in order to better forecast future changes. Such an investigation requires

close understanding of the dynamic mechanisms of cold surges and associated atmospheric
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Figure 1.1 Map shows the winter (DJF) mean sea level pressure (SLP: contour) and winter mean 2m
temperature (1961-1990 climate mean from CRU (New et al. 1999), shaded) (red square indicates the
region used to get the Siberian High intensity (SHI: 40-65N, 80-120E), and the blue square indicates the
study region for winter cold surges: south of 30°N and east of 105°E with a focus on southeast China)

1.4 Aims and objectives

The overall aims of this thesis are 1) to improve our understanding of extreme precipitation
events in China through observations and climate model simulations of different spatial scales,
and 2) to assess recent changes in cold surge events over southeast China associated with large-
scale atmospheric circulation changes.

The specific objectives of this work are to



e Examine the effects of two different methods for estimating extreme precipitation indices
from station data in order to find the appropriate gridding method for analysing station

observations in China,

e Evaluate model-simulated extreme precipitation based on extreme indices with the
appropriate gridding method,

e ldentify the change in the occurrence of winter cold surges in southeast China during
1961-2005, especially after 1980,

e Improve our understanding of the influence of the atmospheric circulation in the change

in cold surge occurrences in southeast China.

The works related to the first two objectives are paper | and paper Il. In paper I, several
methods for the interpolation of daily precipitation are compared and discussed, and ordinary
kriging using seasonal semi-variograms is used to generate a daily gridded precipitation dataset
for China from 1951 to 2005. In paper Il, the effects of two different methods, Elstaand Elgrip,
for estimating extreme precipitation indices from station data is investigated. The Elgrip extreme
precipitation indices are used to examine the observed change in extreme precipitations from
1961 to 2000 and to evaluate precipitation simulated by models during the same period. Paper |
provides the fundamental methodology, such as the data collection and interpolation etc., utilized

in paper 1. In this thesis more emphasis will be put on the results from paper Il than from paper 1.

In papers 111 and 1V, the objectives related to cold surges in southeast China are addressed. In
paper I11, the change in atmospheric circulation over Eurasia during the past 100 years, with a
focus on the most recent 40 year period, is examined and possible explanations discussed. In
paper 1V, the change in the occurrence of winter cold surges in southeast China from 1961 to
2005 is investigated. Daily and seasonal (winter) atmospheric circulation patterns related to cold
surge occurrences are identified, and the influence of atmospheric circulation on cold surge
occurrences is addressed. Paper Il lays the groundwork for paper 1V, and greater attention will

be the results of paper IV in this thesis.



2. Data collection and its processing

2.1 Processing of daily station records in China

In this thesis, precipitation and temperature, the two most important meteorological variables,
were used to explore observed changes in climate extremes. Detailed information is given in the

following parts on the data used.

2.1.1 Daily precipitation
There are 753 national meteorological stations in Mainland China, with observations from 1
January, 1951, to 31 December, 2005 available from the National Meteorological Information

Center of the China Meteorological Administration (NMIC/CMA). The station locations range
from 16°32°N to 52°58°N, and from 75°14°E to 132°58°E (Figure 2.1), and the altitude of the

stations varies from 1.1 m to 4800 m (above sea level). The average distance between stations is
72 km, while between any two the maximal distance is 366 km and the minimum distance is 4
km. The stations cover most of China. However, the station network is denser and more evenly
distributed in the southeast (Figure 2.1a). The instrumentally-observed variables related to this
work include daily precipitation amounts, daily mean temperatures, and daily minimum

temperatures. In this part we focus on the observed daily precipitation amounts.

Before working on the instrumental data, a quality control for the data set is very important.
The daily precipitation observations from 1951 to 2000 have previously been checked by Feng et
al. (2004) for data homogeneity and consistency. In this study, the daily precipitation data from
1951 to 2005 were screened for outliers, and a few suspicious data were flagged and
subsequently treated as missing data. This was done for all stations. Some basic statistical
information of the scrutinized data set is given below.

The average percentage of missing data from 1951 to 2005 for the 753 stations is 16.1%.
However, stations established before the early 1960s are responsible for the majority of the
missing data, and are mainly located in the western part of China. For data after 1961, missing
values are rare for all stations. Further, a rapid increase in the number of observational stations is
found from 1951 to 1961, after which time the number of stations is found to stabilize between

600-700 (Figure 2.1b—1d). It should be noted that data coverage was quite inhomogeneous prior



to 1961 (see Figure 2.1) and therefore interpolation quality from 1951 to 1960 could be degraded.
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Figure 2.1 Location of the meteorological stations used in the work: a) all the 753 stations, b) number of
stations in operation varies with time, c) stations operational from 1951 onward, and d) stations
operational from 1961 onward.



Seasonal experimental semi-variograms were used to examine the variation in correlation
between stations following the increase of the distance (Figure 2.2). The formula for semi-

variograms is derived from that of variograms (Barnes 1991) which can be described as:
2y(h) = E{[Z(x) — Z{x + h)]*} (2.1)

Then the semi-variogram is,

1 2
y(k) = EE{[Z{X]' — Z{x + hI*} 2.2)

The experimental semi-variogram can be obtained as follows,

N

1
§S=— Y @0 - 2)?
2N le E 2.3)

where N denotes the set of pairs of observations between station i and the target station. An

exponential model T(&) = C{1 — e~} was used to fit the experimental semi-variogram, where C
is the scale of the semi-variogram and h is the relative separation/lag distance. The parameters for
the four seasons were estimated separately: C=59 mm?d, h = 230 km for spring, C = 170 mm?d,

h = 160 km for summer, C = 50 mm?d2, h = 230 km for autumn, and C = mm?d, h = 350 km for

winter.
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Figure 2.2 Seasonal Semi-Variogram.

It can be seen that the semi-variograms for spring and autumn are similar but those for winter

and summer are substantially different. The highest values in summer indicate the dominating
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summer monsoon in the region (Qian et al. 2003). The spatial correlation decreases with
increasing precipitation. By contrast, the spatial precipitation distribution in winter is of large
scale, while summer precipitation events are much more locally isolated. The semi-variogram
models show that the correlation between stations decreases as the distance increases, and the
correlation reaches a fairly constant level when the distance is around 800 km.

Finally, the data was interpolated onto a 18 kmx 18 km grid system covering the whole
country using the ordinary kriging (Goovaerts 2000). The daily precipitation for each 0.5x0.5°
latitude-longitude block was then obtained by averaging the values at the grid nodes within the
block from 1951 to 2005 (Chen et al. 2010). This daily gridded precipitation dataset is freely
available at http://rcg.gvc.gu.se/dc/.

2.1.2 Daily temperature

By using the same instrumental observational dataset introduced above, Xu et al. (2009)
interpolated the daily mean temperature and daily minimum temperature onto a 0.5x0.5° spatial
resolution. In their work, stations with more than 1/3 (10 years) of their data missing were
excluded from the analysis. The total number of stations included in their final calculations was
slightly different from day to day, but was in the range of 654-662. A coarser resolution (1x1°)
version of this dataset is freely available at
http://ncc.cma.gov.cn/Website/index.php?ChannellD=112 & WCHID=110. In this work, the
daily 1x1° mean temperature (TM) and minimum temperature (Tmin) dataset was used to define
winter cold surges in southeast China.

2.2 Other gridded sea level pressure and temperature observations

Two observational gridded datasets: the Hadley Centre sea level pressure (SLP) (HadSLP2; Allan
and Ansell 2006) and the National Centre for Atmospheric Research SLP (NCARSLP; Trenberth
and Paolino 1980) were used to calculate the Siberian High intensity (SHI, the mean SLP within
the region [40-65N, 80-120E]). The in-situ SLP observations from 20 stations located in the
central SH region [40-65N, 80-120E], the same stations used by Panagiotopoulos et al. (2005),
compiled by NCAR (available at http://dss.ucar.edu/datasets/ds570.0/), was also used to calculate
the observed SHI.
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Mean monthly surface temperature interpolated from station data to a 0.5x0.5° spatial
resolution grid from the Climatic Research Unit (CRU) at the University of East Anglia (New et

al. 1999), was used to illustrate the winter (DJF) mean temperatures.

2.3 Reanalysis and CMIP5 simulations
2.3.1 Reanalysis

Daily precipitation from National Centers for Environmental Prediction (NCEP) and the National
Center for Atmospheric Research (NCAR) reanalysis | (Kalnay et al. 1996) and European Centre
for Medium-Range Weather Forecasts (ECMWF) 40-year re-analysis (ERA40) (Uppala et al.
2005) were used as references in the observation-simulation comparison of extreme precipitation.
Monthly mean SLPs from the two reanalysis datasets were also used to calculate the SHI. Daily
and monthly SLP and geopotential height (HGT) on pressure levels from NCEP/NCAR
reanalysis | (Kalnay et al. 1996) were used to investigate the daily and seasonal (winter)

atmospheric circulation related to cold surges.
2.3.2 CMIP5

The Coupled Model Intercomparison Project (CMIP) was established under the World Climate
Research Programme’s (WCRP) Working Group on Coupled Modelling (WGCM) as a standard
experimental protocol for studying the output of coupled atmosphere-ocean general circulation
models (AOGCMs). The CMIP provides a community-based infrastructure in support of climate
model diagnosis, validation, intercomparison, documentation and data access. The research based
on the dataset from phase three of the CMIP (CMIP3) (Meehl et al. 2007), provided much of the
material for the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report
(AR4; IPCC 2007).

The fifth phase of the CMIP (CMIP5) experiments addresses outstanding scientific questions
that arose during preparation of the IPCC AR4 (Taylor et al. 2012). There are mainly three
groups of simulations in CMIP5 based on the major purposes of the simulations: one group for
evaluation and the other two for projections and feedbacks. The historical ensemble simulations,
which were used in this work, are evaluation simulations that include all possible climate forcings.

This is used to better characterize projected climate change and, more generally, to separate
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signal from noise (Taylor et al. 2012). Due to the fact that CMIP5 is still in progress, daily
precipitation data from 1961 to 2000 are only available from 21 CMIP5 global climate models,
which were used to examine the simulated extreme precipitation in this study. Detailed

information about the models can be found in Table 2.1.

Table 2.1 Model horizontal resolution (longitude x latitude in degree) of the 21 CMIP5 global climate

models used

Model Institute/Country Atmosphere Resolution
MIROC4h MIROC/Japan 0.5625x0.5616
CCSM4 NCAR/USA 1.2500x0.9424
MRI-CGCM3 MRI/Japan 1.1250x1.1215
CNRM-CM5 CNRM/France 1.4063x1.4008
MIROC5 MIROC/Japan 1.4063x1.4008
HadGEM2-ES MOHC/UK 1.8750x1.2500
HadGEM2-CC MOHC/UK 1.8750x1.2500
INM-CM4 INM/Russia 2.0000x1.5000
IPSL-CM5A-MR IPSL/France 2.5000x1.2676
CSIRO-Mk3.6.0 CSIRO/Australia 1.8750x1.8653
MPI-ESM-LR MPI1-M/Germany 1.8750x1.8653
FGOALS-s2 IAP/China 2.8125x1.6590
NorESM1-M NCC/Norway 2.5000x1.8947
GFDL-CM3 NOAA/USA 2.5000%2.0000
GFDL-ESM2G NOAA/USA 2.5000x2.0225
IPSL-CM5A-LR IPSL/France 3.7500x1.8947

MIROC-ESM-CHEM

MIROC/Japan

2.8125%2.7906

MIROC-ESM MIROC/Japan 2.8125x2.7906
CanCM4 CCCMA/Canada 2.8125x2.7906
BCC-CSM1.1 BCC/China 2.8125x2.7906
HadCM3 MOHC/UK 3.7500x2.5000
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3. Observed and simulated changes in extreme precipitation in China
from 1961 to 2000

3.1 Observed change in extreme precipitation

3.1.1 The extreme precipitation indices used

Extreme precipitation can be represented by many different indices. Here, we choose 10
precipitation indices previously used by Alexander et al. (2006) and Moberg et al. (2006), which
are shown and defined in Table 3.1. Two of the ten indices, namely the simple daily intensity
index (SDII) and the annual total wet-day precipitation (PRCPTOT), are indices for average
conditions; but a difference in the trend of SDII and PRCPTOT may reflect changes in the
character of precipitation (Moberg et al. 2006), which may help to explain the variation of
extreme precipitation. By checking this we may test a GCM performance in simulating extreme
precipitation. Here, all the indices used are called extreme indices for the sake of simplicity. We
use daily observations from 592 out of the 753 stations in China, i.e. those containing less than 1

year of missing values, between 1961 and 2000.

Two versions of gridded extreme precipitation indices were calculated based on Elsta and
Elcrip respectively. For Elsta, the selected indices were calculated for each of the 592 stations,
then the resulting indices were interpolated onto a 0.5x0.5° grid using the inverse distance (power
2) method (Franke 1982). For Elgrip, the extreme indices were directly calculated from the

interpolated daily gridded precipitation.
3.1.2 Scaling effect on gridded extreme precipitation indices

Before examining the long-term change of extreme precipitation and evaluating the model
simulations, the scaling effect on the extreme precipitation indices was examined for the two
versions of gridded extreme indices (i.e. Elsta and Elgrip). Figure 3.1 shows the difference
between the two versions of gridded indices depending on grid-cell size in 8 different resolutions
(from 0.5x0.5° to 4x4°). Compared to the gridded indices from Elsra, all indices from Elgrip,
except CDD and consecutive wet days (CWD), have decreased linearly with the increase in grid-

cell size. The difference between extreme precipitation indices from Elsta and Elgrip IS quite
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large, especially for larger gird-cells (lower horizontal resolution). Taking the interpretation of

model precipitation output as an area mean, it is better to use the indices based on Elgrip t0

evaluate the model simulated extreme indices as suggested by (Chen and Knutson 2008).

Consequently, the gridded extreme precipitation indices based on Elggrip Was used to evaluate

model simulated extreme precipitation.

Table 3.1 Definition of the 10 precipitation indices used (most of them indicate extreme precipitation

conditions)

CDD Maximum length of dry spell, maximum number of consecutive days with
precipitation (R) <lmm/day

CwWD Maximum length of wet spell, maximum number of consecutive days with
R>1mm/day

R10mm Annual count of days when R> 10mm/day

R20mm Annual count of days when R> 20mm/day

R95pTOT Amount of precipitation in very wet days precipitation (R95pTOT=> R, where
R>R95 (R95 is the 95" percentile of precipitation on wet days in the 1961-1990
period))

R99pTOT Amount of precipitation in extremely wet days (R99pTOT=> R, where R>R99
(R99 is the 99" percentile of precipitation on wet days in the 1961-1990 period))

Rx1day Maximum 1-day precipitation amount

Rx5day Maximum consecutive 5-day precipitation amount

PRCPTOT Annual total wet-day precipitation (PRCPTOT=)_R)

SDII Simple daily intensity index (SDII=PRCPTOT /WD, WD is the total number of

wet days (R>1mm/day))
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Figure 3.1 Comparing between extreme indices based on Elsra (Blue) and Elggip (Red) over Mainland
China with 8 different horizontal resolutions (0.5x0.5, 1x1, 1.5x1.5, 2x2, 2.5x2.5, 3x3, 3.5x3.5, and 4x4
degree) for 10 indices (a-j). Box-Whisker Plot shows the statistic characteristic of the selected index at the
selected resolution during 1961-2000, the lower, middle and upper line of the box show the lower quartile
(Q1, QL is the value of Q1), median (Q2), upper quartile (Q3, QU is the value of Q3) respectively, the
ends of the whiskers shows the lowest datum still within 1.5 interquartile range (IQR, IQR=QU-QL) of
the Q1, and the highest datum still within 1.5 IQR of the Q3, data fall below QL-1.5,(IQR or above QU-
1.5,1QR have been shown as outliers.
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3.1.3 Observed long-term trends

When evaluating model simulated extreme precipitation, the observed linear trend was also
examined using the indices from Elggrip. The linear trends of 10 precipitation indices on 2.5x2.5°
resolution were examined, the reason for the selection of this resolution being that most of the
models and the reanalysis data sets have a resolution of around 2.5x2.5°. Results show that the
spatial pattern of the linear trends is generally the same for all the selected extreme precipitation
indices, except for CDD (Figure 3.2). Here, only the spatial patterns of the amount of
precipitation on very wet days (R95pTOT), one widely used extreme precipitation index, and
CDD are discussed.

a) CDD b) CWD ¢) R10mm

50N 50N 50N
| |
40N 40N I 40N
30N 30N 30N | |
d d 4
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Figure 3.2 Linear trend of 10 observed extreme precipitation indices during 1961-2000 (spatial resolution
2.5x2.5°%) (Units: % per 10 year)
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From 1961 to 2000, the observed R95pTOT increased in most parts of China, with the
exception of northern China (Figure 3.2e). This difference in trends of extreme precipitation for
northern and southern China have previously been mentioned by Zhai et al. (2005) and Qian et al.
(2007a), where it is noted that the precipitation decrease in northern China and increase in
southern China, especially along the Yangtze River valley, may be due to the weakening trend of
the East Asian summer monsoon (EASM) (Qian et al. 2007a).

The spatial pattern of the linear trends of CDD is clearly illustrated by the first Empirical
Orthogonal Function pattern of CDD from 1961 to 2000 (Xu et al. 2011). The observed CDD
shows decreasing trends in northwest and northeast China and an increasing trend in eastern
China from 1961 to 2000. Generally, the observed linear trend of CDD is opposite to the trend of
RI95pTOT (Figure 3.2a, €), but in southeast China, both R95pTOT and CDD increased from 1961
to 2000.

3.2 Simulated change in extreme precipitation

The simulated extreme precipitation over China was evaluated by considering the scaling effect
(Figure 3.3), that is using Elgrip indices with the same horizontal resolution of the target model.
Regarding the reanalysis datasets, the extreme indices from ERA40 generally agree better with
the observations compared with those from NCEP, which is in agreement with the findings of Ma
et al. (2009). Turning to the climate models, the climatological mean of CDD from 1961 to 2000
is generally underestimated, and that of CWD is overestimated (Figure 3.3a, b). The R10mm
days, R95pTOT and R99TOT, are generally overestimated (Figure 3.3c, e, f), while the simulated
R20mm days are closer to observations (Figure 3.3d). These results indicate that the climate
models tend to overestimate the number of wet days, especially those with moderate precipitation
rates. Further, Rx1day and Rx5day precipitation are mostly overestimated (Figure 3.3g, h). Most
of the models simulate SDII fairly well (Figure 3.3j), while PRCPTOT (Figure 3.3j) is largely
overestimated. This indicates the models tend to simulate more precipitation days, coinciding
with the overestimated CWD and underestimated CDD.
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Figure 3.3 Comparing between extreme indices from 21 CMIP5 global climate models and two reanalysis
(Red) and gridded observed index based on Elgrip With the same resolution (Blue) over Mainland China
(south of 21N is not counted) for 10 indices (a-j) during 1961-2000 (Same Box-Whisker Plot as in Figure
3.1 have been used).
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The simulated spatial patterns of most indices are similar to PRCPTOT except for CDD.
Therefore we hereafter only focus on the spatial patterns of PRCPTOT and CDD. Most of the
models overestimate PRCPTOT and underestimate CDD in the western and northern regions of
China (map not shown), but underestimate PRCPTOT and overestimate CDD in southeast China.
The overestimated precipitation around the boundary region of the Tibetan Plateau seems be
influenced by topography (Feng et al. 2011). The difference between simulated and observed
RI95pTOT in the Tarim and Jungar basins, both of which are located in western China, is difficult
to explain, given that there are few, if any, observations available for these regions (Feng et al.
2011). The relatively poor performance of climate models in western China is most likely due to
the low frequency of extreme precipitation and rain days occurring in this region as compared to
eastern China (Fu et al. 2008).

The linear trends of R95pTOT and CDD are shown in Figure 3.4 and 3.5. The observed
increasing trend of R95pTOT in northwest China is relatively well captured by most of the
models but the trends in southeast and northern China are poorly reproduced (Figure 3.4). The
simulated linear trend of CDD is, in general, opposite to the trend of R95pTOT in the study area,
which is better fits observation. The observed trend of CDD and R95pTOT in southeast China is
poorly reproduced by most of the models (Figure 3.5).
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Figure 3.4 Spatial distribution of the linear trend of R95pTOT during 1961-2000 (units: % per 10 year) of
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climate models (d - x).
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4. Winter cold surges in southeast China and their relationship with
atmospheric circulation patterns from 1961 to 2005

4.1 Climatology of cold surge occurrences

A sudden drop in daily temperature is one of the key indications of a cold surge outbreak, and
previous studies have used this as a main criterion of cold surge detection (Wang and Ding 2006;
Ding et al. 2009). Considering the definition of regional cold surges used by Wang and Ding
(2006), we use temperature drop thresholds in daily TM to determine the occurrences in southeast
China; a cold surge event is indicated if least 10 (out of 121) 1x1° grid boxes satisfy both the

following criteria:

a) The daily TM drops more than 6°C within 24-48 hours
b) The TM anomaly is less than -3°C, and the daily Tmin is less than 15°C

Using the definition above, 175 cold surges were identified in winter (DJF) between 1961 and

2005 in southeast China: an average of 4 per year.
4.2 Siberian High and its impacts on cold surge occurrences

Wang and Ding (2006) point out that the occurrence of winter cold surges in China is closely
related to the Siberian High intensity (SHI: mean SLP in the region [40-65N, 80-120E]). In this
work, the relationship between the SHI and the occurrence of winter cold surges in southeast
China is investigated. First, the temporal variation of the SHI during the past 100 years is
examined. Figure 4.1 presents the time series of the SHI from instrumental observations and
reanalysis data sets. The most conspicuous feature during the 20th century is a steep declining
SHI trend from the 1970s to 1990s, leading to record-low SHI values for most observational data
sets in the early 1990s. Only the NCEP reanalysis data set shows a very weak trend during this
period, but this is likely associated with the known systematic bias of the NCEP reanalysis in
representing inter-decadal changes over the Eurasian continent (Wu et al. 2005), leading to an
exaggerated cold period around 1972-1977 compared to other data sets. In the early to mid-1990s,
however, the declining trend turned sharply positive, and the SHI records show a continuous

recovery, reaching a climatologically normal state in recent years. The increased snow cover in
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Eurasia in late fall (October-November) and winter may have led to the recovery of the SHI since
the early 1990s (Jeong et al. 2011).

O P N W

SH Intensity

NCEP —— Stations

HadSLP2 —————— NCARSLP

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Time [Year]

Figure 4.1 Time series of winter SHI derived from 5 SLP data sets from 1900 to 2009. Thick lines
indicate 5-year running averaged time series. Each time series is standardized for the comparison with
respect to the mean and standard deviation for 1958-1980 of each data set. The area with a background
color of sky blue (pink) indicates the period of the SHI decline (incline) defined in the present study.

The SHI from NCEP reanalysis, which includes 3-dimensional data sets during the study
periods, is used to examine the relationship between the SHI and the occurrence of cold surges.
Note that the SHI from NCEP is weaker than the other data sets during the period around 1970.
The time variation of the SHI and the cold surge occurrence in winter are shown in Figure 4.2. It
is clearly found that inter-annual and inter-decadal variation in the occurrence of cold surges
follows well the SHI variation. From the 1960s to the early 1970s, the occurrence of cold surges
significantly decreased. Another prominent decrease in both records is found during 1980s,
reaching its minimum in the early 1990s. After the mid-1990s, the number of cold surge has
remained stable, with annual occurrences of 3-4. The annual occurrence is significantly
correlated with winter mean SHI (the correlation coefficient is 0.4, which is significant at the
0.01 level), and there is an even closer correlation in the low frequency variation between the two.
As indicated by Zhang et al. (1997), the cold surge frequency may not monotonically increase as
the SH intensifies. Some weaker SH years could also produce a high frequency of cold surges. To
understand the relationship between the SHI and the occurrence of the cold surges, the next step
is to examine the daily and seasonal (winter) atmospheric circulation patterns related to cold

surges.
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Figure 4.2 Time series of the occurrence of the winter (DJF) cold surges (CS) in southeast China and SHI
(thick lines indicate 5-year running average)

4.3 Relationship between the occurrence of cold surges and circulation

changes
4.3.1 Circulation patterns related to different cold surge groups

In order to understand the link between atmospheric circulation patterns (e.g., the SH) and the
occurrence of cold surges, we first analysed the daily atmospheric circulation patterns related to
cold surges. Daily SLP fields were studied over the region (indicated by Figure 1.1) from 9 days
prior to until the day of the outbreak of a cold surge for all the identified cold surge events. The
cold surges were subjectively divided into 5 different groups based on the different day-to-day
evolution of high pressure systems over the northern central Eurasian continent (i.e., central

Siberia) related to the cold surges:

A. A stationary high pressure system located in the Siberian region (33.1%, including two
subgroups)
Al.No clear movement of the center of the SH (31 cases)
A2.Moving center of the SH (27 cases)
B. A Moving high pressure from the west to the Siberian region (40.0%, including two
subgroups)
B1.The SH is replaced by a high pressure moving in from the west (43 cases)
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B2.The SH is merged with a high pressure moving in from the west (27 cases)
C. Blocking in the Ural Mountains region (11.4%, including two subgroups)
C1.A blocking high occupies the Ural regions until the outbreak of a cold surge (16
cases)
C2.Initial blocking high in the Ural regions moves into the Siberian region within 5
days of a cold surge outbreak (4 cases)
D. A high pressure moving from the northern Arctic region into the Siberian region (13.1%,
23 cases)
E. A strong low pressure system moving to the northwest of the Siberian region 3 days prior

to the cold surge outbreak (2.2%, 4 cases, will not be discussed in this work)

The composite SLP maps for the day 6 days prior to the outbreak of a cold surge (day -6), day
-3 and day O (the day of outbreak) are shown in Figure 4.3. From the Figure 4.3 we can see that a
significant TM drop (more than 6°C) is found over southeast China on day 0 for all groups except
A.

In both subgroups Al and A2, there is a high pressure system located in the Siberian region 6
days prior to the cold surge outbreak (Figure 4.3). The high pressures in group Al are stronger
than those in group A2, and the centers (area with SLP larger than 1030hPa) of the high pressure
systems in group Al are larger than those in group A2. At 500hPa, there is a positive HGT
anomaly over the northern part of the Siberian region which forms on day -6 and lasts until the

outbreak of a cold surge in group A (Figure 4.4).

In the group B events, 6 days prior to the outbreak of a cold surge, the high pressure in the
Siberian region is relatively weak compared to group A (Figure 4.3). The high pressure is then
strengthened by a high pressure system moving from the west into the Siberian region 3 days
prior to the outbreak, and subsequently the high pressure expands into southeast China, bringing
cold air to this region, i.e., causing a cold surge outbreak. More areas exhibit temperature drops
larger than 6°C in group B than in group A. During group B events there is a pattern of HGT
anomaly at 500hPa that is opposite patterns for group A events 6 days prior the outbreak of a cold
surge. Then the signal moves eastwards, which may lead to the eastward movement of the high

pressure at lower levels (Figure 4.4).
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Figure 4.3 Composite maps of SLP (contours, intervals 5hPa) and maximum TM drop (shaded) within
24-48 hours on day -6, day -3 (- indicates the day before the outbreak of a cold surge), and day O (outbreak
day of a cold surge) according to the cold surge day (day 0) for 8 different groups (black line indicate the
contour line of 1030hPa, red lines indicate the TM drop 6°C, dashed blue square on day -3 indicate the
region to calculate the SHI)
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During the group C events, there is a blocking high located around the Ural Mountains region
6 days prior the cold surge outbreak (Figure 4.3). The eastern part of this high expands first into
the Siberian region and then into southeast China in group C1 events. During group C2 events,
the eastern part of the high moves into the Siberian region and the west part of the blocking
slowly follows within 5 days of the cold surge outbreak. The blocking pattern around the Ural
Mountains can be seen in the mean HGT at 500hPa (Figure 4.4).

In group D events, a high pressure is located in northern Eurasia and the adjacent Arctic
region close to the Far East 6 days prior to a cold surge outbreak, and then the high pressure
slowly moves southwards and expands into southeast China, bringing cold air into the region
(Figure 4.3). There is a positive HGT anomaly located in the Arctic region at 500hPa during
group D events (Figure 4.4).

In group E events, one cyclone generates in the Arctic region and moves to the Ural
Mountains region 3 days prior to the outbreak (Figure 4.3). The cyclone moves to the northwest
of the Siberian region and pushes the high pressure southeastward, causing cold air to flow into

southeast China and consequently generating a cold surge.

The cold surges of group A seem to behave quite differently from those of the other groups.
The mean SHI from day -3 to day -1 is relatively strong, especially for group Al events, but their
impact area (the area in which there is a TM drop of more than 6°C during a cold surge outbreak)
is relatively small (Figure 4.5). This indicates that strong cold surge events (i.e. those affecting
large areas) in southeast China are not directly linked to strong high pressure in the Siberian

region.

In the works of Park et al. (2008; 2011a) cold surges in East Asia were divided into two types
on the basis of origination: wave train types and blocking types. The upper level atmospheric
circulation pattern of the blocking type is similar to that of group D in our work. These cold
surges often occur in association with a negative phase of Arctic Oscillation (AO). The
contribution of group D events to the total number of winter cold surges since 1980 is relatively
small (Figure not shown). In the A, B and C groups, there are clear wave train patterns in the
upper level, similar to those shown by Park et al. (2011a). Nevertheless, the more detailed

subgrouping in this work makes it possible to identify distinctive upper level circulation patterns
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related to cold surges, which may improve our understanding in the impact of the atmospheric

circulation on cold surges in southeast China.
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Figure 4.5 Box-whisker plot of a) mean SHI (in hPa) during 3 to 1 day prior to a cold surge outbreak and
b) the impact area of the cold surge (number of grids which there is a TM drop of more than 6°C
during a cold surge outbreak) for 8 different subgroups

4.3.2 Change in the occurrence of cold surges

Going back to the relationship between the SHI and the occurrence of cold surges, the
relationship seems clearer when looking at the variation in the occurrences of cold surges in
different groups (Figure 4.6). We can see that the occurrence of cold surges in group A is highly
coherent with the variation of the SHI (the correlation coefficient is 0.32 which is significant at
the 0.05 level); a more positive SHI is associated with more occurrences of cold surges of group

A. However, the occurrences of cold surges in groups B and C are seemingly not significantly
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influenced by the variation of the SHI (the correlation coefficient is 0.13 and -0.04 respectively).

In fact, the occurrences of cold surges in groups B and C increased after 1980 (Figure 4.6).
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Figure 4.6 Annual occurrences of clod surges related to different combination of cold surge groups and
the SHI (thick lines indicate 5-year running average)
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5. Discussion

5.1 Model simulated trends of extreme precipitation

The increasing trend of extreme precipitation in western China is relatively well captured by most
of the analysed models. As pointed out by Gao et al. (2002), the number of rain days in northwest
China will significantly increase under global warming, and possibly this is the case for most of
western China. However, when it comes to eastern China, where weather and climate are strongly
influenced by the East Asian Monsoon System (Ding and Chan 2005; Qian and Lee 2000), the
difference in trends of extreme precipitation in its northern and southern regions (Qian et al.
2007a; Zhai et al. 2005) is poorly reproduced. This may be due to the poorly captured inter-
annual and inter-decadal variation of the summer monsoon in this region by the models, as
illustrated by Gu and Li (2010).

The EASM has weakened since the end of the 1970’s (Wang 2001; Yu et al. 2004).
Associated with this weakening, precipitation decreased in northern China, but increased over the
middle and lower reaches of the Yangtze River valley (Hu et al. 2003; Yu and Zhou 2007; Yu et
al. 2004). This has led to a decrease of extreme precipitation in northern China and an increase in
southern China, especially along the Yangtze River valley (Qian et al. 2007a). As pointed out by
Zhou et al. (2009), the East Asian summer monsoon has the lowest reproducibility and is the
most poorly modelled of the monsoon subsystems around the globe. The reason is mainly due to
the model’s bias in simulating sea surface temperature (SST) patterns and associated land-sea
thermal contrast change across the East Asia (Zhou et al. 2009). Some other external factors like
the remote influences of summer North Atlantic Oscillation (SNAQO) (Linderholm et al. 2011)

also need more attention in order to better simulate precipitation extremes over the East Asia.

The ESWM has significantly weakened since the late 1980s (Wang et al. 2009), more
specifically after around 1986 (Wang and Chen 2010). This could lead to fewer rain days and
additional dry days during the winter season, especially in southern China where there the CDD
has significantly decreased, as illustrated by Wang and Yan (2009). Moreover, the significantly
increased aerosol concentrations, produced by air pollution, may also have reduced the number of
light rain events in eastern China (Qian et al. 2009). Thus, the combined effects of a weakening

EAWM and an increase of aerosols could have combined to lead to the increase of CDD in
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eastern China, such that CDD has increased in both southern and northern China, while extreme
precipitation has increased in southern China but decreased in northern China. Monsoon
variability (both of the EAWM and EASM) and the aerosol effect on precipitation should be
accurately represented in global climate models in order to better simulate extreme precipitation

in eastern China.
5.2 The occurrence of cold surges

The impact area of cold surges in group A is relatively small compared to that in other groups
(Figure 4.5), and there are weaker TM drops in the composite map (Figure 4.3), especially for
cold surges in group A2. This may be because the cold surges in group A occur mainly during
strong SH years, in which surface temperature is usually lower than normal in east China (Gong
and Ho 2002; Wu and Wang 2002). Since the temperature in southeast China will rarely drop
more than 6°C from the already low temperatures associated with the strong SH, the impact area
of cold surge in group A will be relatively small. Conversely, looking at the circulation patterns
of the other surge groups, the SH is relatively weak before the outbreak of a cold surge, which
means that that air temperatures in southeast China will be normal (or higher than normal) before
the outbreak of a cold surge. When the SH suddenly intensifies, cold air moves into southeast
China following the southeastward expansion of the SH. This can lead to temperature drops of
more than 6°C in large areas, and this would explain why the impact areas of the cold surges in

groups B-D are relatively large.

Cold surges in groups A and B are the two most common cold surge types, containing 58 and
70 cold surge events, respectively, out of the total of 175 cases. Since there are clear differences
in the inter-decadal variability of cold surge occurrences between these two groups (Figure 4.6),
it would be of interest to analyse whether this discrepancy can be related to differing responses
during strong and weak SH years. The frequencies of annual cold surge occurrences for the two
groups during strong and weak SH years for two different periods, 1961 to 1980 and 1981 to
2005, are shown in Figure 5.1. There is no clear change in the frequency of cold surges in group
A and B between the two periods during strong SH years. However, during weak SH years, the
frequency of cold surges in group B increased in the later period, while the change in group A

was marginal. This is one main reason for the nearly unchanged frequency of cold surges in
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southeast China in the later period, as surface air temperatures in China in the later period were in
general higher than those of the former period (Liu et al. 2004) and the SH was relatively weak
during most of this time (Figure 4.1). However, no clear decreasing trend in the occurrence of
cold surges in southeast China could be identified despite the warming trend after 1980. Thus,
although the SH may become weaker than normal in future warmer condition (Jeong et al. 2011),
our results suggest that the occurrence of winter cold surges in southeast China, especially those
with large impact areas such as the cold surges in group B, could remain unchanged in the future.
This finding is in line with those obtained by Park et al. (2011b) who looked at could surges from
future projections.

Occurrence

Occurrence

1961-1980 1981-2005

Figure 5.1 The frequency of annual cold surges in groups A and B during 1961-1980 and 1981-2005
under a) strong SH years (SHI>1) and b) weak SH years (SHI<-1)

So far, the circulation patterns related to cold surges have only been subjectively classified.
An objective method is needed, through which changes in the frequency of the circulation
patterns that may lead to the outbreak of cold surge can then be examined. This could improve
our understanding of the mechanisms behind the occurrence of cold surges of different types, and
possibly lead to better methods for the prediction of cold surge events. Moreover, it would shed

some light on the projection into the future in the occurrence of cold surges in southeast China.
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6. Conclusions

The following conclusions have been drawn:

a)

b)

d)

The effects of two different methods for estimating extreme precipitation indices are
significant. It is suggested that gridded extreme precipitation indices based on Elgrip
(estimation from a gridded precipitation dataset) should be used to evaluate model simulated
precipitation extremes.

Most global climate models tend to overestimate extreme precipitation amounts but
underestimate consecutive dry days, especially in mountainous regions. The pattern of
extreme precipitation from 1961 to 2000 in western China is, in general, well captured by
most of the models, while in eastern China it is poorly reproduced.

The occurrence of winter cold surges in southeast China significantly decreased between the
1960s and early 1970s, while the level of occurrence has been fairly stable since 1980, except
for few years in the early 1990s.

The frequency of cold surges in group A, which have a small spatial impact in southeast
China and are highly related to the variation of the winter mean SH, has decreased during the
last 20 years, coinciding with a relatively weak SHI. On the other hand, the occurrences of
cold surges in group B and C (51.4%), which have a larger spatial impact on the region, have
increased since the early 1980s. This increase has compensated for the decrease of group A
and D events, so that there is no clear decrease in the annual average occurrence of cold
surges in southeast China after 1980. This indicates that the occurrence of the winter cold
surges in southeast China, especially those with large impact areas, may not decrease in

future.
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