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Abstract. Based on the precipitation data from 1961 to 2017 in the Yellow River Basin and NCEP/NCAR re-
analysis data, the variation characteristics of seasonal precipitation in the Yellow River Basin and its relationship
to the circulation patterns were analyzed. Furthermore, effect of sea surface temperature (SST) on the seasonal
precipitation was discussed. The results were as follows: (1) The precipitation in spring, summer and autumn
all presented non-significant decreasing trends, while that in winter presented a non-significant upward trend.
(2) The inter-annual and inter-decadal fluctuations of the precipitation of each season were evident. The fluctu-
ation in winter was the most obvious, followed by that in spring and autumn, with that in summer most stable.
Moreover, the precipitation in summer, autumn and winter in 1990s was the least. (3) When the precipitation in
spring, autumn and winter was significantly above (below) normal, the 500 hPa height anomaly field over Eura-
sia mid-high latitude of the corresponding period presented “positive (negative) in east and negative (positive) in
west”. While, when the precipitation in summer was significantly above (below) normal, the height anomaly field
presented “+(−), −(+), +(−)”, and the West Pacific subtropical high was stronger (weaker) and lying more
northward (southward). Additionally, when the precipitation in each season was significantly above (below) nor-
mal, the 850 hPa wind anomalies showed abnormal southerly (northerly) winds in Eastern China, which was
favorable (unfavorable) to transport water vapor from the South China Sea and the Western North Pacific to the
Yellow River Basin. (4) The spring precipitation was above (below) normal during the period of El Niño (La
Niña), while the summer, autumn and winter precipitation presented the opposite characteristics.

1 Introduction

The Yellow River Basin with a vast territory is the second
largest river in China. Precipitation is the main source of wa-
ter resources, having significant effect on industrial and agri-
cultural production as well as people’s livelihood (Shao et
al., 2015). Hence, it is a very meaningful work to study the
precipitation variations in the Yellow River Basin. The an-
nual mean precipitation increases from the northwest to the
southeast. Generally, the spatial distribution of the seasonal
precipitation is identical to that of the annual mean precipita-
tion, but there are differences in some local area as the season
changes (Chang et al., 2014; Zhu et al., 2005; Xu and Zhang,

2006). In recent 50 years, the annual, spring, summer and
autumn precipitation all presented decreasing trends except
for that in winter (Chang et al., 2014; Yao and Wu, 2014).
Wang et al. (2012) proposed that there was significant inter-
annual fluctuation for the summer precipitation with rainy
years alternating with dry years. Chen et al. (2016) consid-
ered that the seasonal precipitation distribution changed in
1990s, namely, if the proportion of the seasonal precipita-
tion gradually increased before 1990s, it would decrease after
1990s.

There had been many researches on the causes of the
summer precipitation anomaly in the Yellow River Basin.
Wang et al. (2012) proposed that monsoon, the West Pa-
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cific subtropical high, extratropical cyclone and the depres-
sion in Lake Baikal were the main circulation systems affect-
ing the summer precipitation. Shao et al. (2015) and Song et
al. (2013) considered that when the upper-level jet stream
in East Asian and the West Pacific subtropical high were
stronger (weaker) and lying more northward (southward),
and simultaneously the trough in Lake Baikal was deeper
(higher), there would be more (less) precipitation in the mid-
dle reaches of the Yellow River. Chang et al. (2014) discov-
ered that the break-point of the precipitation in the Yellow
River Basin was around 1986, and the change was mainly
closely related to the monsoon variation. Lan et al. (2007)
considered that Ural blocking highs existed mostly when the
summer precipitation was plentiful in the upper reaches of
the Yellow River, and vice versa. Weather and climate is di-
rectly affected by atmospheric circulation, and is also obvi-
ously influenced by the sea surface temperature (SST) via
acting on atmospheric circulation. Many studies found that
El Niño and La Niña had a significant relationship with pre-
cipitation distribution in China. In El Niño years, precipi-
tation was more (less) than normal in the south (north) of
China, and that was the opposite in La Niña years (Gong et
al., 1998; Xu et al., 2005). Zhao et al. (2018) considered that
the annual mean precipitation was decreased in the El Niño
years and increased in La Niña years. Chang et al. (2013)
defined the NINO3 SST difference index from the previous
October to current April and indicated that the index had a
significant negative correlation with summer precipitation in
the Yellow River Basin.

Predominantly, the data used in the previous studies was
mostly of the period before 2010, and the objects were about
the summer precipitation in the Yellow River Basin. While
in this paper, the data was prolonged to 2017 and the evolu-
tion characteristics of the spring, summer, autumn and win-
ter precipitation were analyzed. Furthermore, the effects of
atmospheric circulation as well El Niño and La Niña on the
seasonal precipitation were discussed to provide a basis for
seasonal precipitation forecast in the Yellow River Basin.

2 Data and methods

2.1 Data

The monthly area rainfall data of 1961–2017 applied in this
paper was from the Information Center (Hydrology Moni-
tor and Forecast Center), Ministry of Water Resources; The
monthly reanalysis data of geopotential height and wind
fields were from the U.S National Center for Environmen-
tal Prediction and National Center for Atmospheric Research
(NCEP/NCAR), and the horizontal resolution was 2.5◦×
2.5◦. The monthly SST data was from the Met Office Hadley
Centre for Climate Prediction and Research, and the horizon-
tal resolution was 1.0◦× 1.0◦ (Rayner et al., 2003).

2.2 Methods

The year was divided into four seasons: spring (March,
April and May), summer (June, July and August), autumn
(September, October, November) and winter (December,
January and February of the next year). The least square
method was used to calculate the linear variation trends
and the significance was estimated by T test (Wei, 1999).
The seasonal precipitation was standardized and the obtained
value greater (less) than 1 (−1) was defined as significantly
above (below) normal. Furthermore, composite analysis of
the general circulation anomaly fields for the periods with
extremely excessive or deficient seasonal precipitation was
applied, and then the differences between the two situations
were estimated and tested by T test (Wei, 1999). Specially,
it should be noted that the climate fields were of the period
from 1961 to 2017.

3 Variation characteristics of seasonal precipitation
in the Yellow River Basin

3.1 Season distribution of annual precipitation

The mean spring, summer, autumn and winter precipitation
in the Yellow River Basin was respectively 89.4, 275.2, 123.8
and 16.0 mm, accounting for 17.7 %, 54.5 %, 24.5 % and
3.2 % of the mean annual precipitation (see Table 1), which
was consistent with the previous studies (Chang et al., 2014;
Chen et al., 2016). It was thus clear that the precipitation in
summer was the most, followed by that in autumn and spring,
with that in winter the least. The precipitation amount in
summer was 16 times more than that in winter. Correlations
between different period precipitation were measured and
the results showed that the correlation coefficients between
the annual precipitation and the spring/summer/autumn pre-
cipitation were respectively 0.39/0.71/0.61, which were all
at 0.01 significance level, while the correlation coefficient
between the annual precipitation and the winter precipita-
tion and those between each seasonal precipitation were
not significantly correlative. Overall, the annual precipitation
amount was largely determined by the summer and autumn
precipitation.

3.2 Inter-annual variation of the seasonal precipitation

The inter-annual fluctuation of each seasonal precipitation
in the Yellow River Basin was evident (see Fig. 1). Dur-
ing the period from 1961 to 2017, the spring precipitation
was extremely excessive in 1963, 1964, 1967, 1983, 1990,
1991 and 1998, while extremely deficient in 1962, 1981,
1995, 2000 and 2001. Specifically, the maximum/minimum
spring precipitation appeared in 1964/1962, and accordingly
the amount was 174.4/36.1 mm. The summer precipitation
was extremely excessive in 1964, 1966, 1973, 1976, 1988,
1996, 2003, 2013 and 2016, while extremely deficient in
1965, 1969, 1972, 1974, 1986, 1991, 1997, 1999, 2001 and
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Table 1. Seasonal precipitation eigenvalues in the Yellow River Basin.

Mean Proportion to the Variable
Season precipitation annual mean Maximum precipitation Minimum precipitation coefficients

(mm) precipitation (%) Value (mm) Year Value (mm) Year (Cv)

Spring 89.4 17.7 174.4 1964 36.1 1962 0.32
Summer 275.2 54.5 388.3 1988 160.9 1997 0.18
Autumn 123.8 24.5 234.2 2011 54.6 1998 0.33
Winter 16.0 3.2 43.4 1989 2.2 1998 0.48

Figure 1. Time series of the spring (a), summer (b), autumn (c) and winter (d) precipitation in the Yellow River Basin.

2015, which were slightly different from the previous studies
due to the using of data of different periods (Shao et al., 2015;
Song et al., 2013; Zhang, 2011). The maximum/minimum
summer precipitation appeared in 1988/1997, and accord-
ingly the amount was 388.3/160.9 mm. The autumn precipi-
tation was extremely excessive in 1961, 1964, 1967, 1968,
1975, 1983, 1985, 2003, 2011 and 2014, while extremely
deficient in 1965, 1972, 1979, 1986, 1988, 1991 and 1998.
Specifically, the maximum/minimum autumn precipitation
appeared in 2011/1998, and accordingly the amount was
234.2/54.6 mm. The winter precipitation was extremely ex-
cessive in 1971, 1975, 1988, 1989, 2000, 2001, 2005 and
2007, while extremely deficient in 1962, 1967, 1982, 1983,
1985 and 1998. The maximum/minimum winter precipita-

tion appeared in 1989/1998, and accordingly the amount was
43.4/2.2 mm. Variable coefficients (Cv) of each seasonal pre-
cipitation during the period from 1961 to 2017 were ana-
lyzed, and the results showed that the Cv of the summer pre-
cipitation was the minimum, followed by that of the spring
and autumn precipitation, with that of the winter precipi-
tation the maximum (see Table 1). Namely, the precipita-
tion series distribution in summer was the most concentrated,
while that in winter was the most dispersed.

3.3 Inter-decadal variation of the seasonal precipitation

The variation trends of the spring, summer, autumn and win-
ter precipitation in the Yellow River Basin were respec-
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tively −1.9, −1.6, −2.2 and 0.3 mm per 10 years, which
all failed the significance test. The inter-decadal variation
for each seasonal precipitation was analyzed (see Fig. 1),
and the results showed that the spring precipitation with
97.8/79.9 mm during the 1990s/1970s was the most/least.
Conversely, the summer precipitation with 287.4/267.5 mm
during the 1970s/1990s turned out to be the most/least. As for
the autumn precipitation, the average amount with 130 mm
since 2010 was the most, while the amount with 94.8 mm
during the 1990s was the least. For the winter precipitation,
the average amount with 20.3/13 mm during the 2000s/1990s
was the most/least. In summary, the precipitation in sum-
mer, autumn and winter uniformly presented the least dur-
ing the 1990s. Besides, the autumn precipitation succes-
sively showed decline and increase tendency before and after
1990s.

4 Atmospheric circulation characteristics for the
years with abnormal seasonal precipitation in the
Yellow River Basin

There were mainly two reasons that caused the abnormal pre-
cipitation: abnormal moisture condition; abnormal ascend-
ing movement. Moisture was transported mainly at 850 hPa
and ascending movement was crucially provided by the back-
ground fields at 500 hPa (Hao et al., 2016). For the years with
abnormal precipitation in the Yellow River Basin, the wind
field at 850 hPa and the geopotential height field at 500 hPa
definitely presented abnormal. Thus in order to find the rela-
tionship between the abnormal precipitation and the general
atmospheric circulation, composite analyses of the two ele-
ment fields were conducted respectively for the years with
extremely excessive and deficient seasonal precipitation.

4.1 Characteristics of the geopotential height field at
500 hPa

When the precipitation was abnormal in spring, autumn or
winter in the Yellow River Basin, the geopotential height
anomaly fields of the corresponding period presented simi-
lar spatial distributions. For the years with extremely exces-
sive precipitation, the anomaly field over Eurasia mid-high
latitude presented “positive in east and negative in west”,
namely the anomaly field presented positive in coastal region
of East Asia and negative in Lake Balkhash and the area north
to it. While the anomaly field presented opposite distribution
for the years with extremely deficient seasonal precipitation.
Ulteriorly the differences between the height anomaly fields
for the years with extremely excessive precipitation and those
for the years with extremely deficient precipitation were cal-
culated and the results were analyzed by T test. It could be
seen clearly that the spatial distribution of the difference field
presented a positive centre in the Sea of Japan and a negative
centre in the area to the north of Lake Balkhash, passing the
significance test at 0.05 level, which was in accordance with

the anomaly field for the years with extremely excessive pre-
cipitation. Especially, the difference field in winter was the
greatest with the positive centre of “60 pm” and the negative
centre of “−70 gpm” (see Fig. 2a, c and d).

When the precipitation was abnormal in summer, the
spatial distribution of the height anomaly field at 500 hPa
showed distinctly different. When the precipitation in sum-
mer was extremely excessive, the anomaly filed presented
a pattern of “+, −, +” over Eurasia mid-high latitude with
positive anomaly around the Ural Mountains and the Sea of
Okhotsk and simultaneously negative anomaly around the
Lake Baikal. Over mid-low latitude, there showed positive
anomaly around the Yangtze-Huaihe Rivers and the south
of the Yangtze River, which indicated that the West Pacific
subtropical high was stronger and lying more northward and
the warm moist southerly flow in the west of it met with the
dry cold air diffused from the bottom of Lake Baikal Trough
around the Yellow River Basin, leading to abundant precip-
itation. On the contrary, the anomaly field presented oppo-
site distribution when the precipitation in summer was ex-
tremely deficient: both the trough located in the east of the
Ural Mountains and that in coastal region of East Asia were
stronger; there was a ridge around the Lake Baikal; the West
Pacific subtropical high was weaker and lying more south-
ward. Under this background, the most area of the Yellow
River Basin was controlled by the north air stream behind
the trough, which was unfavourable to bring about precipita-
tion. Ulteriorly the differences between the height anomaly
fields for the years with extremely excessive precipitation
and those for the years with extremely deficient precipita-
tion in summer were calculated and the results were analyzed
by T test. It could be seen that the differences around the
Ural Mountains, the Sea of Okhotsk and the Yangtze-Huaihe
Rivers were positive, which all passed the significance test at
0.1 level (see Fig. 2b).

4.2 Characteristics of the wind field at 850 hPa

When the precipitation was significantly above normal in
spring, summer, autumn and winter in the Yellow River
Basin, the height anomaly fields at 500 hPa of the corre-
sponding period were all beneficial to the formation of the
abnormal southerly winds. Accordingly, the wind anomaly
fields at 850 hPa indicated that there were uniformly ab-
normal southerly or southeasterly winds in Eastern China
when the precipitation was extremely excessive, which was
favourable to transport water vapor from the South China
Sea and the Western North Pacific to the Yellow River Basin.
Conversely, there were uniformly abnormal northerly winds
in Eastern China when the precipitation was extremely defi-
cient, which was not favourable to transport the water vapour
to the north. The differences of the wind anomaly fields at
850 hPa were analyzed, and the results showed that the ab-
normal southerly winds in most of Eastern China in spring,
autumn and winter passed the significance test at 0.05 level,
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Figure 2. The differences between the height anomaly fields at 500 hPa for the years with extremely excessive precipitation and those for the
years with extremely deficient precipitation in spring (a), summer (b), autumn (c) and winter (d). (The yellow and orange parts respectively
indicated the area passing the significance test at 0.1 and 0.05 levels.)

while only those in areas from southern china to the lower
reaches of the Yellow River in summer passed the signifi-
cance test (see Fig. 3).

5 Effects of El Niño and La Niña on seasonal
precipitation in the Yellow River Basin

The correlation analysis between seasonal precipitation in
the Yellow River Basin and the corresponding SST (see
Fig. 4) showed that spring precipitation was positively cor-
related with SST over the equatorial central eastern Pacific
Ocean, while summer, autumn and winter precipitation were
negatively correlated. Moreover, the correlation in spring,
summer and autumn was stronger than that in winter. The
region with high correlation in each season was uniformly
located in the eastern Pacific, where was exactly similar to
the NINO3 district (150–90◦W, 5◦ S–5◦ N). In consideration
of this factor, the NINO3 index (the regional average of the
SST anomaly in NINO3 district) was adopted to discuss the
influence of El Niño and La Niña on seasonal precipitation
in the Yellow River Basin.

The El Niño (La Niña) phenomenon was characterized by
high (low) value of NINO3 index above 0.5◦ (below −0.5◦).
Based on this criterion, the years for each season under the

conditions of El Niño and La Niña were selected. Further-
more, the average precipitation anomaly percentage for each
season under the two conditions were respectively calculated
(see Fig. 5). It was indicated that the spring precipitation
was above (below) normal during the period of El Niño (La
Niña) , while the summer, autumn and winter precipitation
presented the opposite characteristics. The average NINO3
indices for each season when the corresponding precipita-
tion was significantly above (below) normal were calculated.
The results showed that the average NINO3 indices in spring,
summer, autumn and winter were respectively 0.38, −0.47,
−0.42 and−0.63◦ (−0.28, 0.6, 0.4,−0.08◦) when the corre-
sponding precipitation was significantly above (below) nor-
mal. Thus it could be seen that the relationship between pre-
cipitation in spring, summer and autumn and SST in NINO3
district was consistent with what was illustrated in Fig. 4,
while precipitation in winter was more closely related to El
Niño than to La Niña, further indicating that the correlation
between winter precipitation and SST in NINO3 district was
relatively weaker.

On the whole, the spring precipitation was increased (de-
creased) during the period of El Niño (La Niña) , while the
summer, autumn and winter precipitation was decreased (in-
creased) during the period of El Niño (La Niña).
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Figure 3. The differences between the wind anomaly fields at 850 hPa for the years with extremely excessive precipitation and those for the
years with extremely deficient precipitation in spring (a), summer (b), autumn (c) and winter (d). (The yellow and orange parts respectively
indicated the area passing the significance test at 0.1 and 0.05 levels.)

Figure 4. The correlation between precipitation in spring (a), summer (b), autumn (c) and winter (d) in the Yellow River Basin and the
corresponding SST. (The shadow indicated the area passing the significance test at 0.1 level.)
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Figure 5. The average precipitation anomaly percentage for each season under the conditions of El Niño and La Niña in the Yellow River
Basin.

6 Conclusion

The change tendency as well as the inter-annual and inter-
decadal variations of the spring, summer, autumn and winter
precipitation in the Yellow River Basin were analyzed. On
the basis, the circulation characteristics for the periods when
the seasonal precipitation was abnormal were discussed and
the results were as follows.

1. Variation trends of the precipitation in spring, summer,
autumn, and winter of the Yellow River Basin were re-
spectively −1.9, −1.6, −2.2 and 0.3 mm per 10 years,
which all failed the test of significance.

2. The inter-annual and inter-decadal fluctuations of the
precipitation of each season were evident. The fluctu-
ation in winter was the most obvious, followed by that
in spring and autumn, with that in summer most sta-
ble. In terms of the inter-decadal variation, precipita-
tion in spring, summer, autumn, and winter reached
the largest in respectively 1990s, 1970s, 2010–2017
and 2000s, while recorded the smallest in respectively
1970s, 1990s, 1990s and 1990s.

3. When the precipitation in spring, autumn and winter
was significantly above (below) normal, the 500 hPa
height anomaly field over Eurasia mid-high latitude of
the corresponding period presented “positive (negative)
in east and negative (positive) in west”. While, when
the precipitation in summer was significantly above (be-
low) normal, the height anomaly field presented “+ (−),
− (+),+ (−)”, and the West Pacific subtropical high
was stronger(weaker) and lying more northward (south-
ward). Additionally, when the precipitation in each sea-
son was significantly above (below) normal, the 850 hPa

wind anomalies showed abnormal southerly (northerly)
winds in Eastern China, which was favorable (unfavor-
able) to transport water vapor from the South China
Sea and the Western North Pacific to the Yellow River
Basin.

4. The spring precipitation was above (below) normal dur-
ing the period of El Niño (La Niña) , while the summer,
autumn and winter precipitation was below (above) nor-
mal during the period of El Niño (La Niña).
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