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ABSTRACT

Daily precipitation rates observed at 576 stations in China from 1961 to 2000 were classified into six
grades of intensity, including trace (no amount), slight (6 1 mm d−1), small, large, heavy, and very heavy.
The last four grades together constitute the so called effective precipitation (> 1 mm d−1). The spatial
distribution and temporal trend of the graded precipitation days are examined. A decreasing trend in trace
precipitation days is observed for the whole of China, except at several sites in the south of the middle
section of the Yangtze River, while a decreasing trend in slight precipitation days only appears in eastern
China. The decreasing trend and interannual variability of trace precipitation days is consistent with the
warming trend and corresponding temperature variability in China for the same period, indicating a possible
role played by increased surface air temperature in cloud formation processes. For the effective precipitation
days, a decreasing trend is observed along the Yellow River valley and for the middle reaches of the Yangtze
River and Southwest China, while an increasing trend is found for Xinjiang, the eastern Tibetan Plateau,
Northeast China and Southeast China. The decreasing trend of effective precipitation days for the middle-
lower Yellow River valley and the increasing trend for the lower Yangtze River valley are most likely linked
to anomalous monsoon circulation in East China. The most important contributor to the trend in effective
precipitation depends upon the region concerned.
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1. Introduction

Many recent studies have reported long-term
changes in annual mean precipitation and summer
mean precipitation in various regions of China, such as
in the Northwest China (Shi et al., 2003), and eastern
parts (Weng et al., 1999; Gong and Ho, 2002). Climate
in most parts of China shows high precipitation vari-
ability (Hu et al., 2003). Extreme weather and climate
events, such as droughts and floods, have been recur-
rent natural disasters in the country (Yan and Yang,
2000; Xu, 2001). Liu et al. (2005) found that changes
in precipitation amounts in China are mainly due to
changes in the frequency and intensity of heavy pre-
cipitation events. Some studies have shown the pres-
ence of interdecadal variation in precipitation and have

suggested various causes related to large-scale circula-
tion changes in the East Asian summer monsoon sys-
tem (Fu et al., 2004; Huang et al., 2004; Li et al.,
2004; Wang et al., 2004; Yang and Lau, 2004). These
large-scale circulation changes may affect convective
activities that determine the intensity and frequency
of rainfall events.

Recently, a daily precipitation dataset for the last
40–50 years was used to detect changes in precipita-
tion characteristics in China (Zhai et al., 2005; Qian
and Lin, 2005). In the study of Qian and Lin (2005), a
number of extreme climate indices were used to char-
acterize changes in the statistical distribution of pre-
cipitation. These indices were based on the 90th and
95th percentiles, as well as intensity and persistence.
The precipitation intensity included, for example, the
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1961–2000 for intensities of trace, (c) slight, (d) small, (e) large, (f) heavy, (g) very heavy, and (h) effective precipitation.
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annual number of days of daily rainfall larger than
10 mm d−1 and the greatest 5-day total rainfall per
year. It was shown that a decreasing trend of an-
nual mean precipitation and extreme events extended
from the southern part of Northeast China southwest-
ward to the upper Yangtze River valley, but an in-
creasing trend was found in Xinjiang and Southeast
China (Qian and Lin, 2005).

Goswami et al. (2006) found that seasonal mean
rainfall over central India during the monsoon seasons
of 1951–2000 do not show a significant trend, although
there are significant rising trends in the frequency and
magnitude of extreme rain events (>100 mm d−1)
and a significant decreasing trend in the frequency of
moderate events (> 5 mm d−1 but < 100 mm d−1).
In China, there is no obvious trend of annual mean
precipitation, but significant regional differences have
been found from daily precipitation trends for vari-
ous intensity groups based on thresholds of above 10,
50 and 100 mm d−1 by using data from 296 stations
during 1951–1995 (Zhai et al., 1999b). Such studies
have focused on upper percentile and high intensities
of daily precipitation. However, trace and slight pre-
cipitation have not been considered. One exception is
the study by Yan and Yang (2000), which investigated
trace precipitation based on a sparse network of 60
stations in China. In applications, statistics of vari-
ous daily precipitation intensities or grades are impor-
tant. Further, changes in various precipitation inten-
sities may be caused by different processes and mech-
anisms. As an example, a recent work (Gong et al.,
2007) proposed a link between light rain events and
air pollutants in China. Identifying changes for dif-
ferent precipitation grades may help in understanding
relevant processes.

The purpose of this work is twofold. First, iden-
tification of regional trends in precipitation days as
a function of precipitation intensity in the context
of general warming and changing atmospheric circu-
lation. Second, the determination of which grade of
precipitation intensity makes the most important con-
tribution to changes in effective precipitation days.

2. Data and analysis methods

Daily data from 726 stations were obtained from
the Chinese National Meteorological Center. These
data include daily maximum surface air temperature
(Tm), daily minimum surface air temperature (Tn),
and daily total precipitation (Pr). Over time, the num-
ber of observational stations in service have changed
in number. Since 1958, the number that measure Pr

and temperature has remained at around 660. In the
early 1950s, the number of stations increased from 160

to 400. After considering the homogeneity of station
distribution, daily precipitation and temperature of a
total of 576 stations from 1961 to 2000 were used for
the analysis. Figure 1a shows the distribution of these
576 stations, and their geographical locations are de-
scribed in the text. A daily interval of 24 h was begun
at 2000 LST. Daily mean temperature is calculated by:

T = (Tm + Tn)/2 (1)

Daily rain rates at stations were classified into
six grades of intensity (Table 1), including trace (no
amount), slight (recorded but R 6 1 mm d−1), small
(1 mm d−1 < R < 10 mm d−1), large (10 mm d−1 6
R < 50 mm d−1), heavy (50 mm d−1 6 R < 100 mm
d−1), and very heavy (R > 100 mm d−1). The last
four grades (small, large, heavy and very heavy) to-
gether constitute the so called effective precipitation
(> 1 mm d−1).

A linear trend analysis is used in time series (Y ) of
temperature and days of various graded precipitation.
A linear function of time t can be written as:

Y = at + b (2)

where a is the regression coefficient which denotes the
linear trend, and b is a constant. The t-test method
is used to detect whether the trend of a series reaches
statistical significance.

3. Precipitation days of the six grades

Annual mean days of the six precipitation grades
for the period 1961–2000 in China are shown in Fig.
1. For trace precipitation (Fig. 1b), there are several
areas with values of about 100 d yr−1. These areas are
located in Southwest China and the northern Xinjiang
region. The highest value of trace precipitation (108.5
d yr−1) is found in the west of Xinjiang (Station No.
51701, 3504.4 m above sea level). A low-value zone of
trace precipitation (<40 d yr−1) is located along the
latitudes between 35◦N and 40◦N in northern China,
even spanning to the north of the lower Yangtze River.
The distribution of trace precipitation days indicates
that more such events are found in mountainous re-
gions than in the plains.

For slight precipitation days (Fig. 1c), three areas
with relatively high values (> 40 d yr−1) can be noted,
in north Xinjiang, northern Northeast China, and in
southern China. A high value center of 60–100 d yr−1

is found in the middle reaches of the Yangtze River,
including the Sichuan Basin. In the upper Yellow
River, those high value centers are related to the Qil-
ian Range and the eastern Kunlun Range. In North-
east China, three sites with values of > 60 d yr−1 are
associated with the Greater Khingan Range. A wide
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Fig. 2. Precipitation-day trends [units: d (10 yr)−1] over 1961–2000 for (a) trace, (b) slight, and (c) effective
grades in China. Solid dots denote an increasing trend and squares indicate statistical significance at the 0.05 con-
fidence level for the upward trend, while open circles denote a decreasing trend and diamonds indicate statistical
significance at the 0.05 confidence level for the downward trend.

Table 1. Intensity classification of daily precipitation.

Grade

Trace Slight Small Large Heavy Very Heavy

Amount (mm d−1) No record (0,1] (1,10) [10,50) [50,100) > 100

zone with values of < 40 d yr−1 is found east-wards
from the desert region in Northwest China, the Loess
Plateau to the East Plain along the Yellow River.

Recorded daily precipitation that is greater than 1
mm d−1 is important for plant growth. Small precipi-
tation days are plotted in Fig. 1d. A region with val-
ues from 3.3 to 20 d yr−1 is located in the desert areas
of Northwest China. Three clusters can be identified
from lower to higher days between the Yellow River
and the Yangtze River. Crossing the Yellow River,
days of small precipitation increase from a lower value
(20–40 d yr−1) to a higher value (40–60 d yr−1). When
crossing the Yangtze River, the value increases to 60–
80 d yr−1. A high center with a value of > 80 d yr−1

is located on the eastern side of the Tibetan Plateau
due to the southwesterly humid flow. It is interesting
to note that there are relatively low values (40–60 d
yr−1), in comparison to the high values in inland areas,
near the south coast of South China, and the same fea-

ture can also be observed in Hainan Island. The high
value zone in the south of the Yangtze River may be
caused by frequent stationary frontal activity. Clima-
tologically, small precipitation appears frequently in
Southwest China, which may be linked to the activity
of the southwest vortex (Xu, 1991).

Large precipitation appears on at least one day in
the last 40 years for almost all stations in China, ex-
cept for some scattered sites in the northwest region
(Fig. 1e). The line of 10 d yr−1 divides China into
two parts: the non-monsoon region to the west, and
the monsoon region to the southeast. This line corre-
sponds well to the northernmost limit of annual mean
4 mm d−1 precipitation in China (Qian et al., 2007).
Climatologically, the high value area of > 40 d yr−1

is concentrated in southeastern China, frequently in
the south of the lower Yangtze River. This distribu-
tion is directly linked to the activity of the East Asian
monsoon and its coverage.
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Heavy rainfall (Fig. 1f) is rare in Northwest China.
On the other hand, climatologically, more than one
day of heavy rainfall per year occurs in the southeast
region of China. The high frequency of 3–10 d yr−1

extends from Hainan Island northeastward to the
middle-lower Yangtze River. The highest frequencies
of heavy rainfall, with values of 9.9 d yr−1, 8.8 d yr−1

and 8.7 d yr−1, are found at stations 59626 (Dongxin),
59663 (Yangjiang) and 59673 (Shangcun Island), re-
spectively. For very heavy rainfall days (Fig. 1g), a
center in the middle Yangtze River appears in the mei-
yu (subtropical summer monsoon) season, and another
high value zone in southern China is mostly caused by
tropical storm activity.

Finally, effective precipitation days per year are
shown in Fig. 1h. Values of < 30 d yr−1 of effec-
tive precipitation days are located in the desert region
over Northwest China. Values of 30–60 d yr−1 appear
in the dry and semi-dry regions of northern China. A
line of 60 d yr−1 extends along the line of latitude
35◦N and the 90 d yr−1 line occurs along the middle-
lower Yangtze River. Actually, high value stations of
effective precipitation days are found in inland areas
of southern China. This is influenced jointly by the
activities of the southwest vortex, the mei-yu front,
and typhoons in southern China.

4. Graded precipitation trends and tempera-
ture

Temporal trends of precipitation days for various
grades are shown in Fig. 2. For trace grade days, a
significant decreasing trend can be found over almost
all of China, except at several sites in the south of
the middle section of the Yangtze River. This trend
of trace precipitation days confirms the findings of a
previous analysis based on a sparse network of 60 sta-
tions in China (Yan and Yang, 2000). The present
study here also shows that there is a decreasing trend
of slight precipitation days in eastern China, while an
increasing trend exists in the eastern Tibetan Plateau
and in Xinjiang (Fig. 2b). For effective precipitation
days, a decreasing trend is observed along the Yellow
River valley, in the middle reaches of the Yangtze River
and in Southwest China, while an increasing trend is
found in Xinjiang, the eastern Tibetan Plateau, North-
east China and Southeast China. Further, significant
decreasing and increasing trends of effective precipi-
tation days that reached the 0.05 confidence level are
located along the Yellow River and in the Xinjiang
region, respectively (Fig. 2c). This pattern of effec-
tive precipitation days is the same as that of daily
rainfall exceeding the mean 95th percentile, and daily
rainfall larger than the long-term 90th percentile for

1961–2000 (Qian and Lin, 2005).
To explore a possible role played by general warm-

ing in China, Fig. 3 shows the annual series of three
graded-precipitation days and the annual mean tem-
perature in China. Significant decreasing trends are
observed for trace precipitation days (at the 0.05 sig-
nificance level) and slight precipitation days (at the
0.05 significance level), while interannual variability is
the dominant variation for effective precipitation days,
causing no significant trend. The increasing temper-
ature trend reaches the 0.001 significance level with
an increasing magnitude of about 0.8◦C over the 40
year period. To determine if there is a real correla-
tion between rising temperature and decreasing trends
of trace and slight precipitation days, trends for both
data series need to be removed. After removing the
trends for temperature, trace and slight precipitation
days, a significant (at the 0.05 significance level) in-
terannual correlation between temperature and trace
precipitation is found. A negative correlation is also
established between temperature and slight precipita-
tion days on the interannual timescale, but this cor-
relation does not reach a level of statistical signifi-
cance. Table 2 gives the precipitation-day trends of
trace, slight and effective precipitation in China as a
whole and in eastern China (east of 100◦E). Accord-
ing to these trends, trace precipitation has decreased
by about 10 days, while slight precipitation has de-
creased by about 15 days for the whole of China over
the 40 year period. Effective precipitation in eastern
China has also decreased by about two days. Figure 4
shows the spatial distribution of annual mean temper-
ature trends from 1961–2000 in China. The trend of
increasing temperature is about 0.3–0.5◦C (10 yr)−1

in most stations of northern China, while a decreasing
temperature trend is observed in the middle reaches
and the south of the Yangtze River. It is interest-
ing to compare the trends of trace precipitation days
(Fig. 2a) and those of annual-mean temperature (Fig.
4). The established significant and consistent trends
of trace precipitation days are of a large scale, simi-
lar to the general warming trend in China for the last
half century (Yan and Zhang, 1993; Zhai et al., 1999a;
Zhai and Pan, 2003; Qian and Lin, 2004; Qin et al.,
2005). High temperatures could increase the conden-
sation height of precipitable cloud and reduce cloud
amount so that trace or slight precipitation days are
in turn reduced. Kaiser (1998, 2000) analyzed the total
cloud amount over China and indicated that daytime
and nighttime total cloud cover exhibited significant
decreasing trends of 1%–2% (10 yr)−1 for both day
and night observations between 1951 and 1994. The
significant negative correlation between trace precipi-
tation days and temperature on the interannual times-
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Table 2. Precipitation-day trends [d (10 yr)−1] of trace,
slight and effective intensities across China as a whole and
in eastern China (east of 100◦E); bold numbers indicate
the trend value at the 0.01 significance level.

Trace Slight Effective

Whole China −2.86 −3.77 −0.26
Eastern China −2.80 −4.44 −0.52

Table 3. Same as Table 2 except for all four seasons in
China as a whole.

Trace Slight Effective

Winter −0.96 −1.21 0.25
Spring −0.71 −0.38 0.08
Summer −0.56 −0.76 0.00
Autumn −0.66 −1.48 −0.59

 

   Days 404448525660 Days
32364044485256 6468727680

(b)(c) (d)
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1960 1970 1980 1990 2000Year-0.8-0.400.40.81.21.6Temperature  anormaly (oC)     
Fig. 3. Annual series of precipitation days in China as
a whole for (a) trace, (b) slight, (c) effective grades, and
(d) annual mean temperature anomaly (◦C). 

  
75E 85E 95E 105E 115E 125E 135E20N25N30N35N40N45N50N  [-0.12  , 0) [0  , 0.15) [0.15  , 0.3) [0.3  , 0.45) [0.45  , 0.89)     Fig. 4. Same as Fig. 2 except for the trends of annual

mean temperature from 1961–2000.

cale supports the hypothesis that the decreasing trend
of trace precipitation days may be a response to the
increasing trend of temperature. However, more stud-
ies need to be carried out in order to establish this link
and to uncover the mechanisms behind the link.

Table 3 shows the precipitation-day trends of the
three grades of precipitation in China as a whole for all
four seasons. Significant decreasing trends are noted
for trace and slight precipitation days in all seasons,
but for effective precipitation the trends are not signif-
icant, except in fall. There is strong evidence showing
large-scale decreasing trends for trace and slight pre-
cipitation across the whole of China, while the trends
of effective precipitation have various regional features.
Fall is the only season with the most significant and
consistent decrease in precipitation days of all the
three categories. Putting trace and slight grade days
together, the decreases in fall and winter are larger
than those in spring and summer. A recent analy-
sis (Qian and Qin, 2005) showed that temperature in
China has larger increasing trends in winter and fall
than in spring and summer. This may be taken as
further support of the proposed link between general
warming and the reduction in trace and slight precip-
itation days. Another more direct cause of reduced
trace and slight precipitation days may be associated
with the decreasing trend of extra-tropical cyclone fre-
quency in China during the last half century in the
winter half of the year (Qian et al., 2002).

5. Regional features of the trends

This section shows the regional patterns of the
precipitation-day trends for various intensities during
the 40-year period (Fig. 5). A significant decreas-
ing trend of small precipitation days is mainly concen-
trated in the north of the Yangtze River. There are
significant decreasing trends in the middle-lower Yel-
low River valley and increasing trends in northern
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Fig. 5. Same as Fig. 2 except for (a) small, (b) large,
and (c) heavy grades. The five areas are boxed in north-
ern Xinjiang, the eastern Tibetan Plateau, the middle-
lower Yellow River valley, and the middle and the lower
Yangtze River valley, respectively.

Xinjiang and the eastern Tibetan Plateau (Fig. 5a).
The decreasing trend of large precipitation days is
mainly located in the middle Yangtze River valley and
the middle-lower Yellow River valley, while the increas-
ing trends are dispersed throughout Northwest China,
the eastern Tibetan Plateau, Northeast China, and
Southeast China (Fig. 5b). Further, significant con-
trasting trends of heavy precipitation days are situated
in the lower Yangtze River valley and the lower Yellow
River valley (Fig. 5c).

Based on the regional features of the precipitation-

 

4050607080Days Days
2832364044482024283236 123451960 1970 1980 1990 2000Year202428323640

(a) Trace(b) Slight(c) Small(d) Large(e) Effective    
Fig. 6. Time series of precipitation days for various
grades in north Xinjiang.

day trends, five regions with consistent trends can be
defined, which are indicated by the boxes in Fig. 5. A
comparison among various precipitation intensities for
northern Xinjiang is shown in Fig. 6. Trace precipi-
tation experiences a reduction of about 10 days in the
40-year period, while other intensities of precipitation
show an increasing trend. In the Xinjiang region, Shi
et al. (2003) indicated that a climate regime shift
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4050607080Days Days(a) Trace
485256606468(b) Slight

64687276808488 (c) Small
1416182022241960 1970 1980 1990 2000Year859095100105110 (d) Large(e) Effective        Fig. 7. Same as Fig. 6 except for the eastern Tibetan

Plateau.

occurred in the 1980s from a cold-dry state to a warm-
wet state. Qian and Qin (2007) also detected a signifi-
cant interdecadal transition of annual mean precipita-
tion in the Xinjiang region, from a low level to a high
level around 1987. An analysis of the precipitation-
day series of various intensities shows that significant
increases in precipitation amounts mainly come from
the effective precipitation days since 1987. 

28323640444852Days Days(a)  Trace
2030405060(b)  Slight

25303540455055 (c)  Small
81216202428(d)  Large

123 (e)  Heavy
00.20.40.60.8(f)  Very heavy

1960 1970 1980 1990 2000Year405060708090 (g)  Effective       Fig. 8. Same as Fig. 6 except for the middle-lower Yel-
low River valley.
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     Fig. 9. Same as Fig. 6 except for the (a) middle and (b) lower Yangtze River valleys.
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It is also worth explaining why there is a differ-
ence between trends of trace and effective precipitation
days in the Xinjiang region. The increasing trend of
annual temperature reached a value of 0.3◦C (10 yr)−1

in northern Xinjiang (Qian and Qin, 2005), which may
have contributed to the opposite trend in trace precip-
itation days as described above. Increasing trends of
total precipitation and effective precipitation days in
the Xinjiang region were caused by the increase of wa-
ter vapor transported through the westerly flow in the
last half century (Qian et al., 2007).

Figure 7 shows the days of various precipitation in-
tensities in the eastern Tibetan Plateau. A decreasing
trend of trace precipitation days can also be found in
that region. Slight precipitation days have a decreas-
ing trend too, and strong interannual variability. The
decreasing trends of trace and slight precipitation days
are opposite to the rising trend of temperature [0.1◦C
(10 yr)−1] in the area. For the middle-lower Yellow
River valley, there is a consistent decreasing trend for
trace, slight and effective grades, while very heavy pre-
cipitation shows an opposite trend (Fig. 8). The high-
est record of trace, slight and effective precipitation
days appears in the year 1964, while the second high-
est record of very heavy precipitation day is found in
1963. The highest record of very heavy precipitation
days appears in 2000. The deceasing trend of effective
precipitation days in the middle-lower Yellow River
valley may be linked to weakened monsoon circulation
(Huang et al., 2004, Wang et al., 2004) and decreased
water vapor transportation (Qian et al., 2007).

To identify eventual differences in the middle and
lower sections of the Yangtze River valley, Fig. 9 shows
the annual precipitation days for various intensities for
these two areas separately. In the middle section, the
trends of various precipitation days are similar to those
in the middle-lower Yellow River valley. The same
trends for trace and slight precipitation days are found
in both areas along the middle and lower reaches of the
Yangtze River valley, but opposite trends are observed
in effective precipitation days. For small precipitation
days, there is a slightly decreasing trend in the mid-
dle reaches of the Yangtze River, but no perceptible
trend is found in the lower reaches. For large, heavy
and very heavy precipitation days, an increasing trend
exists in the lower Yangtze River. An increasing trend
of extremely high precipitation intensity, namely very
heavy precipitation, is predominant from the middle
to the lower reaches of the Yangtze River. It is in-
teresting to note that opposite trends of precipitation
days between the middle and lower Yangtze River only
come from daily precipitation greater than or equal to
10 mm but less than 100 mm. These features imply
that effective precipitation is sensitive to the monsoon

flow variation in eastern China.
To compare the regional trends of various precipi-

tation days, Table 4 lists the annual precipitation-day
trends of various intensities and effective precipitation
in the five regions. A decreasing trend of trace precipi-
tation days is found in all five regions and a decreasing
trend of slight precipitation days is also found in four
regions, except in northern Xinjiang. Effective pre-
cipitation days show an increasing trend in northern
Xinjiang, the eastern Tibetan Plateau and in the lower
reaches of the Yangtze River valley, while decreasing
trends are found in the middle-lower Yellow River and
the middle Yangtze River. Very heavy precipitation
days have an increasing trend over the 40-year period
in the Yellow and Yangtze River basins. The increas-
ing trend of precipitation days in the lower Yangtze
River is mainly concentrated in intensities of greater
than 10 mm d−1, while the decreasing trend of pre-
cipitation days in the middle-lower Yellow River and
the middle Yangtze River is concentrated within all
grades except very heavy precipitation days. The con-
trasting trends of effective precipitation days may be
linked to the weakened monsoon flow over the middle-
lower Yellow River (Wang, 2001) and increased flow
convergence in the lower Yangtze River (Qian et al.,
2007).

6. The most important contributing factor to
effective precipitation trends

Figure 10 presents the precipitation intensity that
makes the most important contribution to trends in ef-
fective precipitation. The decreasing trend of effective
precipitation covers the middle-lower Yellow River, the
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Fig. 10. The most important contributor to the trend
of effective precipitation. The contributor is indicated
by the open circle, triangle, cross, and diamond, which
denote small, large, heavy and very heavy precipitation
days, respectively.
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Table 4. Precipitation-day trends [d (10 yr)−1] of various intensities in northern Xinjiang, the eastern Tibetan Plateau,
the middle-lower Yellow River, and the middle and lower Yangtze River. Bold numbers and underlined numbers indicate
the trend value at the 0.01 and 0.05 significance levels, respectively.

Trace Slight Small Large Heavy Very heavy Effective

North Xinjiang −3.07 1.01 1.36 0.25 1.61
East Tibet −5.20 −0.80 1.21 0.71 1.91
Mid-low Yellow River −2.92 −4.15 −1.99 −0.66 −0.08 0.01 −2.72
Mid Yangtze River −1.50 −7.21 −0.64 −0.97 −0.04 0.04 −1.65
Low Yangtze River −1.09 −6.82 −0.01 0.85 0.39 0.06 1.29

middle reaches of the Yangtze River and Southwest
China. The most important contribution to the de-
creasing trend over middle-lower Yellow is mainly at-
tributed to small precipitation days, while the main
contributors are the small and large categories for the
middle reaches of the Yangtze River and Southwest
China. In the region of Xinjiang, the maximal contri-
bution to the increasing trend of effective precipitation
is detected from small precipitation days. In the upper
Yellow River, the upper Yangtze River and Northeast
China, the maximal contributions to the increasing
trend come from both small and large precipitation
days. In Southeast China, the main contribution is
found from both large and heavy precipitation days.

7. Summary

Spatiotemporal characteristics of various grades of
precipitation days in China have been analyzed based
on data from 576 stations during 1961–2000. Daily
precipitation rates were classified into six grades de-
pending on intensity. The main results of the study
can be summarized as follows:

(1) Climatologically, small precipitation that ap-
peared frequently in Southwest China appears to be
linked to the activity of the southwest vortex, while
the highly frequent days of large precipitation concen-
trated in Southeast China are directly linked to the
activity of the East Asian monsoon and its coverage.
The inland areas of southern China have a relatively
high amount of effective precipitation days, which is a
result of combined influences from the southwest vor-
tex, the mei-yu front and typhoon activities.

(2) A significant decreasing trend of trace precipi-
tation days occurred in mainland China except for sev-
eral sites over the south of the middle Yangtze River.
A decreasing trend of slight precipitation days also ap-
peared in eastern China, while an increasing trend oc-
curred in the eastern Tibetan Plateau and Xinjiang.
For effective precipitation days, a decreasing trend is
observed along the Yellow River and in the middle
reaches of the Yangtze River and Southwest China,
while an increasing trend is found in Xinjiang, the east-

ern Tibetan Plateau, Northeast China and Southeast
China. Significantly decreasing and increasing trends
of effective precipitation days are concentrated along
the Yellow River and in the Xinjiang region, respec-
tively. The contrasting trends of effective precipitation
days in the middle-lower Yellow River and the lower
Yangtze River can probably be linked to the weakened
monsoon circulation.

(3) The decreasing trend of trace precipitation days
corresponds with the increasing trend of temperature
in China and a negative correlation between trace pre-
cipitation and temperature with trends removed can
be demonstrated. This points to a possible role played
by general warming in modifying the cloud formation
process.

(4) For the middle-lower Yellow River basin, the
most important contribution to the decreasing trend
of effective precipitation days is from small precipi-
tation days. In the upper Yellow River, the upper
Yangtze River basins, the increasing trend of effec-
tive precipitation days is attributed to changes in both
the small and large intensities. In Southeast China,
the increasing trend of effective precipitation days is
from both large and heavy precipitation. Very heavy
precipitation days have increased over the 40-year pe-
riod in the Yellow River and the Yangtze River basins.
The increasing trend of precipitation days in the lower
Yangtze River is mainly concentrated in the range of
more than 10 mm d−1, while the decreasing trends
of precipitation days in the middle-lower Yellow River
and the middle Yangtze River are contributed to by all
the grades apart from very heavy precipitation days.
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