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Preface

Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences
(CAS), and the Center for International Development and Environmental Research
(ZEU) of the Justus Liebig University in Giessen, Germany, jointly organized a
workshop on Climate Change and Yangtze Floods. This Sino-German workshop was
held in Nanjing, China, on April 4-8, 2003, and more than 100 Chinese and German
scientists attended it. The objectives of the workshop were to- exchange research
experiences on climate change and floods in the Yangtze River catchment as well as to
set up a research network on these topics. Moreover, further research on these
important topics was planned and coordinated. The previous Sino-German meetings
were held in Walberberg (2000), Wuhan (2001) and Shanghai (2002). They made much
progress in interdisciplinary research and were financed by the German Research
Foundation (Deutsche Forschungsgemeinschaft, DFG) as well as the Sino-German
Center for Research Promotion of DFG/NSFC in Beijing and the National Natural
Science Foundation of China (NSFC).

Based on intensive discussions during the Nanjing Workshop in 2003, the idea to
publish this book was initiated. It was emphasized that the exchange of the results of
basic and applied science on the workshop topics should be strengthened, and in
consequence “Climate Change and Yangtze Floods” was edited by an international
interdisciplinary board. Many contributions from Chinese and German scientists could be
collected, which contained the state of the art of climate change detection and flood
research with special regard to the Yangtze River catchment. In addition to this specific
topic, German and European flood experiences were introduced by German experts on
climate change and floods. On behalf of the editorial board, we would like to express our
thanks to the authors who have contributed to this book and the organizing committee of
the workshop. Our deepest gratitude will go to the Sino-German Center for Research
Promotion of DFG and the National Natural Science Foundation of China (NSFC), for
they have financed the workshop in Nanjing and the publication of this book.



We are optimistic that this publication will enhance the Sino-German Research
Cooperation Nanjing-Giessen which was established in 1986, as well as many other
joint research programs. It will be of great benefit to the members of different working
groups, as European and Chinese scholars can learn from each other’s experiences. The
book aims at the international exchange of knowledge in the field of Climate Change
and Yangtze Floods, and there is an important call for action in this scientific field. We
believe that this publication will initiate the required joint Sino-German research in
future.

2 l&‘j MJ%/

Lorenz King Yafeng Shi
Center for International Development and Nanjing Institute of Geography
Environmental Research (ZEU) and Limnology, Chinese

Justus Liebig University, Giessen, Germany Academy of Sciences, China
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Climate Change in China and Its Contributions to

Yangtze River Floods

Stefan Becker', Marco Gemmer®, Lorenz King®, Tong Jiang*
'Department of Geography & Urban Planning, University of Wisconsin-Oshkosh,
Oshkosh WI 54901, USA
E-mail: stefan.becker@geogr.uni-giessen.de
ZCenter for International Development and Environmental Research, Justus Liebig
University, D-35394 Giessen, Germany
3Department of Geography, Justus Liebig University, D-35390 Giessen, Germany
*Nanjing Institute of Geography and Limnology, CAS, Nanjing 210008, China

Abstract The analyses in the present paper summarise results which have been previously
achieved by Becker et al. (2003); Gemmer et al. (2003) and Gemmer et al. (2004): Monthly
precipitation and temperature trends in the China were analysed from 1951 to 2002. Trends of 160
stations have been calculated by applying the Mann-Kendall trend test. Significant positive
precipitation trends at many stations can be observed for the summer months which naturally show
precipitation maxima. They were preceded and/or followed by negative trends. Positive temperature
trends can be detected in north, north-east, and west China. They can be visualised for large regions
every month and explain a warming trend of northern and western China. Negative temperature
trends can only be found from October-December with a relatively limited spatial distribution. A
spatial interpolation of the detected trends was carried out. The spatial analysis of the observed trends
reveals distinct spatial patterns for the months which emphasizes the aggravation of the situation in a
region which is particularly prone to flood disasters. Reasons for the observed trends were found in
the earlier onset of the mei-yu.

Keywords East Asian Monsoon, Climate Trends, Mann-Kendall Trend Test, Yangtze River

Catchment

1. Introduction

The Yangtze River flooding in the 1990°s and the increasing losses due to floods
started a new discussion on possible implications of climatic change. Although heavy
monthly precipitation in the Yangtze River catchment occurred regularly in the 20th



century, summer precipitation in the 1990s is claimed to be higher than in earlier
decades (Li et al., 1999; Xu, 2001). Simultaneously, the north of China became much
drier according to Gong et al. (2001) and Xu (2001).

Causes and regional impacts of climatic change or variability have been widely
discussed under various aspects. The latest IPCC report (IPCC 2001) indicates a
30% —50% increase of precipitation in southern China in the winter months (December,
January and February) from 1900 to 1999. An inconsistent pattern with an increase in the,
western and a decrease in the eastern Yangtze catchment is detected in the summer months
(June, July and August). Zhai et al. (1999) showed a significant increase in precipitation
over the middle and lower reaches of the Yangtze River and west China during the latter
part of the 20th century, while also detecting a declining trend in precipitation over northern
China (from IPCC, 2001). The TPCC report also describes an increase of the surface
temperature in east China between 0.5 and 2°C and up to 3°C in northern China from 1949
to 1997. The increase of temperature in northern China adds up to 1°C per decade from
1976 to 2000. This is mainly due to strong increases in the absolute minimum temperatures
since the 1950s and an increase of hot days in the same period of time. This process can be
described by the decreasing number and intensity of cold waves (Zhai et al., 1999b).

Much attention has been paid to the evaluation of the summer precipitation
(May-August) in the Yangtze River catchment and the East Asian monsoon as these data
are strongly related to flood risks (Gong et al., 2001; Zhu and Wang, 2001). Huang et al.,
2001 gave an updated contemplation of the progresses of recent studies on the
variabilities of the East Asian monsoon and their causes. Various trends of summer
precipitation amounts, such as a negative trend for east China from 1954 to 1976 and a
positive trend between 1977 and 1988 have been detected by Gong and Wang (2000).
Qian and Zhu (2001) observed an increase of summer precipitation in northern China in
the same period. Jiang and You (1996) describe an abrupt reduction of the summer
rainfall from the 1960s to the 1980s in central China and a somewhat weaker jump from
a dry to a wet period in the middle and lower Yangtze River catchment which started in
the 1970s. Nevertheless, below average rainfall appeared in the same area between 1981
and 1985 (Yang and Yuan, 1996). Schaefer (2001) found positive trends of summer
precipitation in the southeast of China and negative trends in the north since 1951.

Fu and Wen (1999) mentioned a change in East Asian monsoon characteristics
that started in the 1920s which might contribute to the explanation of those findings.
Summer rainfall over central China is associated with the East Asian summer monsoon.
It begins with a trough forming over the South China Sea in mid-May that moves



northward in concert with the expansion of the North Pacific High and reaches central
China in early June (Ho et al., 2003). Predictions of the East Asian monsoon are
important for disaster precaution. Precipitation in the lower and middle reaches of the
Yangtze River is below average and deficient in a strong summer monsoon year such
as 1992 or 1997 whereas it is sufficient in the same area during weak monsoon years
such as 1991 and 1998 (Li et al., 2001; Zhang and Tao, 1998). In general, the rainbelt
moves faster northward during a strong summer monsoon year.

The most recent example is the greater number of floods in the Yangtze River
catchment in the 1990s and the water shortage in the Yellow River catchment which have
both been aggravated by human activities and impacts of climatic change (Gemmer and
King, 2003; King et al., 2001). With regard to these tendencies, the detailed analysis of
precipitation and temperature variations are important for the assessment of climate
induced risks and countermeasures. Examples of monthly trends of precipitation and
temperature in China from 1951 to 2002 will therefore be analysed in the current study.
Geographic techniques will be used for a spatial visualisation of climate trends.

2. Data and Methods

The data set of 160 National Meteorological Observatory (NMO) stations with
long-term monthly precipitation and temperature data in China have been analysed in
this study. They have been provided by the National Climatic Centre (NCCC) of the
China Meteorological Administration (CMA) and contain values from January 1951 to
December 2002. The density of stations is lower in the sparsely populated high
mountainous and desert area of west and north-west China.

The homogeneity of the precipitation and temperature records was analysed by
calculating the von Neumann ratio (N), the cumulative deviations (Q/n-0.5 and
R/n-0.5), and the Bayesian procedures (U and A) (Buishand, 1982; Maniak, 1997). The
data sets of all stations which have been used in the present study are homogeneous
with significance beyond the 95% confidence level.

The trends of monthly precipitation and temperature sums have been analysed by
applying the Mann-Kendall trend test for all of the 160 stations. Confidence levels of
90%, 95%, and 99% were taken as thresholds to classify the significance of positive
and negative precipitation trends. Trends at significance below the 90% confidence
level were not considered.

The observed trends were spatially interpolated by applying the Inverse Distance
Weighted (IDW) interpolation method. IDW creates a raster surface. The raster cell



values are calculated by averaging the values of station data in the vicinity of each cell.
Station data in this paper refer to the confidence levels of trends at 160 stations. IDW
implies that each station has a local influence that decreases with distance (De By,
2001). The interpolated raster surface is based on a weighed average of the station
values. The value of each cell is mostly influenced by nearby points and less by more
distant points. The IDW method requires the specification of the power parameter and
the search radius. The power parameter controls the significance of calculated station
values upon the interpolated values. By defining a high power, more emphasis is placed
on the nearest points, and the resulting surface will have more details. The power
parameter in the IDW interpolation was set to 6.

The choice of the relatively high power ensures a high degree of local influence and
giving the output surface increased detail. The search radius has been specified by
choosing a number of 4 neighbouring stations, i.e. the spatial interpolation has been
carried out within a fixed radius of 4 neighbouring stations (see Bill, 1999). It is not
meaningful to analyse the regional structure of precipitation and temperature trends for
the whole of China by applying and comparing different interpolation methods. Applying
other interpolation methods (e.g. kriging) result in similar output maps. This is due to the
available number of stations, the scale of the projection, and the magnitude of the
research area respectively. The interpretation of the results of different interpolation
methods would only be feasible for smaller areas or a higher station density.

Data on time series of mei-yu characteristics were obtained from Nanjing Bureau
of Water Resources (Nanjing Hydrological Data, data from 1951 to 1994) which has
been replenished by data from the Yangtze River Yearbook.

3. Observed Precipitation Trends

Both positive and negative precipitation trends at all confidence levels exist in each
month. January, July, September, and November are the months which show the highest
number of trends in both positive and negative direction. The smallest number of trends
can be observed in March, October, and December. Also Schifer (2001) points out
inconsistent annual precipitation trend patterns in the Yangtze River catchment with
positive trends in some parts of the middle and lower catchment since 1951. Many
positive trends can be noted in January, June, and July. Negative trends prevail in
February, September, and November. A relatively equal number of stations with both
positive and negative trends can be detected in August, October, and December.
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Fig. 1 Mann-Kendall precipitation trend test January 1951-2002

In the following, the interpolated precipitation trends for January and July are
presented as examples in the period from 1951 to 2002. The projection of the map
illustration is Lambert Equal-Area Azimuthal (central meridian 108°). The displayed
classes are based on the confidence levels which are discussed in Chapter 2. As can be
seen, the spatial illustration of the detected precipitation trends enables a better
understanding of climatic changes or variations in China within the last 50 years,
especially regarding the uneven spatial distribution of precipitation trends.

Fig. 1 reveals that a relatively high number of positive trends in January mainly
refers to stations which are located in a belt which covers the middle and lower Yangtze
River catchment as well as Dongting and Poyang lake catchments. These stations are
mainly situated in the lowland and the foothills of the adjoining mountain ranges.
Another agglomeration of positive precipitation trends is located in the highlands of
Sichuan and Qinghai provinces. Moreover, some isolated stations with positive and
negative precipitation trends can be found in the very west and north-east of China.

Precipitation trend patterns in July (Fig. 2) follow three topographical features of
China. Whereas large parts of the south-east Lowland and the western mountainous



regions are dominated by positive trends we observe negative trends along the
transition zone of the middle ranged mountain axis from central to north-east China.
The magnitude of the July precipitation increase and decrease in the Yangtze
catchment is displayed in Fig. 3. The interpolated regions are based on the deviation of
average July precipitation of 1991-2000 in comparison with the period 1951-1990 in
percent. The values vary between —38.1% in Mianyang in the northern region and
+119.6% in Yueyang in the central region.
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Fig.2 Mann-Kendall precipitation trend test July 1951 -2002
4. Observed Temperature Trends

One of the most apparent features of the temperature analysis is a distinct trend
towards higher air-temperature. Both, positive and negative trends, can be detected
for the temperature time-series in China from 1951 to 2002. However, in contrast to
the precipitation trends, positive and negative temperature trends are unbalanced.
Positive trends predominate the Mann-Kendall trend test results. In January, February
and April more than 100 of the 160 stations underlie trends which are mostly positive.
The highest number of negative trends can be assigned to July and August. The



