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Summary

Monthly precipitation trends of 160 stations in China from
1951–2002 have been analysed and interpolated. The
Mann-Kendall trend test was applied to examine the
monthly precipitation data. Significant positive and nega-
tive trends at the 90, 95, and 99 percent confidence levels
were detected for numerous stations. The number, distribu-
tion, and direction of the trends varied from month to
month.

The detected trends were spatially interpolated by applying
the Inverse Distance Weighted (IDW) interpolation method.
The spatial presentation of the detected precipitation trends
gives a better understanding of climatic changes or variations
in China during the last 50 years. This is especially the case
for highlighting the spatial structure of precipitation trends.

A clustering of trends is observed in certain months,
including distinct trend belts especially in east and north-east
China. Nevertheless, positive as well as negative monthly
trends can be noted simultaneously in different areas. The
spatial interpolation of precipitation trend analysis results is a
useful approach to give further understanding of the regional
pattern of precipitation trends in China.

1. Introduction

Causes and regional impacts of climatic change
or variability have been widely discussed. The
latest IPCC report (IPCC, 2001) indicates a
30–50% increase in precipitation in southern

China in the winter months (December, January,
February) from 1900–1999. An inconsistent pat-
tern, with an increase in the west and a decrease
in the east of the Yangtze catchment, is detected
in the summer months (June, July, August). Zhai
et al. (1999) show a significant increase in pre-
cipitation over the middle and lower reaches of
the Yangtze River and west China during the
latter part of the 20th century, while also detect-
ing a declining trend in precipitation over north-
ern China (from IPCC, 2001). The methods for
detecting climate trends and variability are time-
series analyses based on long-term data sets e.g.
of air temperature, air pressure, precipitation,
humidity, and cloudiness.

The distribution and seasonal variations of pre-
cipitation in China have been described by Qian,
Kang and Lee (2002), Domr€oos and Peng (1988),
and Domr€oos (2001). The implications of climatic
variations in air temperature and precipitation are
particularly relevant for China due to it’s regional
disparities of natural resources. Climatic varia-
tions can increase the occurrence of droughts
and floods due to the uneven availability of water.
The most recent example is the increased number
of floods in the Yangtze river catchment in the



1990s and the water shortage in the Yellow river
catchment both of which have been aggravated
by human activities (King et al., 2001). Therefore,
the detailed analysis of precipitation variations
are important for the assessment of climate
induced risks and countermeasures.

2. Data and methodology

The data set of 160 National Meteorological
Observatory (NMO) stations with long-term
monthly precipitation 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 Decem-
ber 2002. The location of the stations can be seen
in Fig. 1. 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 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 a sig-
nificance above the 95% confidence level.

Monthly precipitation has been analysed by
applying the Mann-Kendall trend test for all the
160 stations. Confidence levels of 90%, 95%, and
99% were taken as thresholds to classify the sig-
nificance of positive and negative precipitation
trends. Trends at a significance below the 90% con-
fidence level were not considered.

The observed trends were spatially interpo-
lated by applying the Inverse Distance Weighted
(IDW) interpolation method. IDW creates a ras-
ter 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 the
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 weighted average of the station

Fig. 1. Location of the stations in China
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values. The value of each cell is influenced
mostly by nearby points and less by more distant
points. The IDW method requires the choice of a
power parameter and a search radius. The power
parameter controls the significance of calculated
station values on the interpolated values. By
defining a high power, more emphasis is placed
on the nearest points, and the resulting surface
will have more detail. The power parameter in
the IDW interpolation was set to six. The choice
of a relatively high power ensures a high degree
of local influence and gives the output surface
increased detail. The search radius has been spe-
cified by choosing four neighbouring stations,
i.e. the spatial interpolation has been carried out
within a fixed radius of four neighbouring sta-

tions (see Bill, 1999). It is not meaningful to anal-
yse the regional structure of precipitation trends
for the whole of China by applying and comparing
different interpolation methods. Applying other
interpolation methods (e.g. kriging) results in
similar output maps. This is due to the limited
number of available stations, the scale of the pro-
jection and the magnitude of the research area.
Interpretation of the results of different inter-
polation methods would only really be useful for
smaller areas or with a higher station density.

3. Observed precipitation trends

Positive and negative precipitation trends, at all
confidence levels, exist for each month (Fig. 2).

Fig. 2. Observed precipitation
trends at the 90, 95, and 99 per-
cent confidence level
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January, July, September, and November are the
months which show the highest number of trends
in both positive and negative directions. The
smallest number of trends occurs in March,
October, and December. Sch€aafer (2001) also
found 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 seen 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.

Figure 3 displays examples of significant posi-
tive and negative precipitation trends at four
stations in January and July. This illustrates the
order of magnitude of the investigated trends.
The graphs show the monthly precipitation from
1951–2002 (thin grey line) and the linear trends
(thick black line). The R2 values show that a max-
imum of 18% of the variation can be explained
by the linear regression. In some cases, the
increase in precipitation over the last 51 years
reaches values beyond 150% of the base level.
The location of the stations is highlighted in
Fig. 1.

4. Interpolated precipitation trends

Figures 4 and 5 show examples for the interpo-
lated precipitation trends for the months January
and July, respectively. The classes displayed
are based on the confidence levels which are
discussed in Section 2. As can be seen, the spa-
tial presentation of the detected precipitation
trends enables a better understanding of climatic
changes or variations in China within the last 51
years, especially in terms of the spatial distri-
bution of precipitation trends.

Figure 4 gives an example for precipitation
trends in winter time and depicts a high number
of positive trends in January. These mainly refer
to stations which are concentrated in a belt along
the lowlands and the foothills of the adjoining
mountain ranges of the middle and lower
Yangtze river catchment. Another cluster of
positive precipitation trends is located in the
highlands of Sichuan and Qinghai provinces.
Moreover, 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. 5) fol-
low the three topographical features of China.
Large parts of the south-east Lowlands and the
western mountainous regions are dominated by
positive trends. Negative trends can be observed

Fig. 3. Examples of significant positive and negative pre-
cipitation trends at four stations in January and July
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along the transition zone of the middle ranged
mountain axis from central to north-east China.

The high number of negative precipitation
trends in February (see Fig. 2) mainly stems from
stations in north-east, north-west, and north
China, whereas isolated positive precipitation
trends occur in the high mountainous regions
of west China. In March, positive precipitation
trends also occur in the same region and along
the eastern coastline. Nevertheless, negative
trends can be detected in the north-east,
north–north-east and north-west in the same
month.

Different precipitation trend patterns occur in
April. The high mountainous regions of Southern
Qinghai and north-eastern Tibet province show
positive precipitation trends. Isolated stations
with negative and positive trends are spread
widely over central and eastern China. An unin-
terrupted belt of stations with negative trends
is located in the catchment areas of the lower
Yangtze, Huaihe, Hanjiang, and Huanghe. Pre-
cipitation trends in May are dominated by an

extended region of negative trends in the middle
and lower Yangtze river catchment, as well as the
south-eastern coastal catchment.

A dominant feature of the interpolated trends
for June is an extended region with positive
trends that stretches from north to south in cen-
tral China. Insular stations with mainly positive
trends are spread over the rest of China. Positive
trends in August are mainly confined to the
south-east and eastern coastal regions. Negative
trends are concentrated in north-east China and
spread insularly over the rest of the country.
Negative precipitation trends in September can
be found in central China, the lower Yangtze
and the eastern coastal regions, and the north-
east. Only a few positive trends occur in southern
Tibet and western Yunnan provinces. The num-
ber of stations with either positive or negative
trends in October is low, nearly equal and does
not follow any consistent spatial pattern. Marked
negative trends in November cover large parts
of central and eastern China as well as large
parts of west China. A few stations without any

Fig. 4. Mann-Kendall precipitation trend test, January 1951–2002
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recognisable underlying spatial clustering dis-
play positive or negative precipitation trends in
December. Their number is nearly equal.

5. Discussion

Gong and Wang (2000) and Qian and Zhu
(2001) identified significant negative precipita-
tion trends for different regions of eastern China
from 1954–1976 and subsequently positive
trends from 1977–1998. Four regions and eight
regions, respectively, were created by merging
different stations. Monthly precipitation trends
over the whole period analysed in this study also
show distinctive regional variations in eastern
China. These regional differences may be
missed by merging. Therefore, spatial interpola-
tion of precipitation trend analysis results
appears to be a very useful approach to display
the regional character of trends. The appearance
of large areas with precipitation trends, partic-
ularly in areas with low station density in west
and north-west China, should not be misinter-
preted. At present, long term precipitation data

until 2002 are not available with a higher density
in this area.

A first glance at the precipitation trends in
China gives an indication towards negative trends
in spring and autumn in east China and positive
trends in summer. An understanding of the spa-
tial and temporal inter-relation of climatic trends
and variations will elaborate these findings. This
can be achieved by an examination of inter-rela-
tions of monthly precipitation trends between
certain stations and regions.

The positive precipitation trends detected in
the Yangtze river catchment give reason for con-
cern with regard to climate induced risks. It is
beyond controversy that human factors such as
soil erosion, regulation of the river course and
wetland reclamation as well as changes in the
precipitation regime are important for aggregat-
ing floods in the Yangtze river (King et al.,
2001). Furthermore, negative precipitation trends,
especially in the north and north-east of China
appear to be relevant with regard to agriculture
and water supply of big cities such as Beijing.
However, the results do not give any evidence

Fig. 5. Mann-Kendall precipitation trend test, July 1951–2002
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regarding the future persistence of the observed
trends. The question of whether we are facing
long-term climatic trends or whether the observed
trends are only a part of long-term climatic
variability remains unanswered.
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