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ABSTRACT

The instrumental records of precipitation, including some historical documentary evidence, show that
the rainfall in North China during the rainy season (July and August) exhibits an interdecadal variability
similar to the Sahelian rainfall. Both these areas exhibited a weak interdecadal rainfall variability prior to
the 1950s, and experienced a long-lasting drought since the 1960s, with two rainfall decreasing transitions,
one around the year 1965 and another in the late 1970s. NCEP/NCAR reanalysis data are used to analyze
the associated changes in atmospheric circulation during the second decrease transition. The changes of
local atmospheric circulation at the end of the 1970s, at both lower and upper levels, contribute to the less

precipitation in North China and the Sahel.
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1. Introduction

The capital city of China, Beijing, and other large
cities, such as Tianjin and Shijiazhuang are all located
in North China (roughly the region 35°-40°N, 110°—
125°E), a region with a very large population. In the
past several decades, the rainfall decreased remarkably
in North China. Nevertheless, the amount of water
demanded by agriculture and industry and the popu-
lation at large has increased. These two trends have
made the deficiency of water resources in North China
become a serious problem, not only for China but also
potentially for the world grain market due to the large
population in North China. Therefore, it is necessary
to understand the background and reasons for the low-
frequency variability of North China rainfall.

North China is located in the central part of east-
ern China and at the north edge of the East Asian
summer monsoon (EASM) region. Generally speak-
ing, the rain belt moves poleward in eastern China
during summer, which is the rainy season in eastern
China. It appears at the southeastern coastal zones of
China in May, and at the Yangtze River Basin, which
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is approximately along 30°N in the scope of eastern
China, in June and July. In the middle of July, usu-
ally, the rain belt shifts poleward to North China and
stays at there for about three weeks before returning
southward. North China is the most northward region
in China where the clear influences of the EASM can
reach.

It is well known that the EASM is a major source
of rainfall in eastern China (Tao and Chen, 1987).
The summer rainfall shows a considerable decrease in
North China, corresponding to rapid weakness of the
EASM there. The EASM, which is characterized by
south winds at lower levels in eastern China, trans-
ports a large amount of water vapor from the Tropics
into eastern China.

The understanding of the mechanisms for the vari-
ability of North China rainfall is much poorer rela-
tive to that of the Yangtze River basin in China. The
climate in the Yangtze River basin, which is located
south of North China, is influenced more dominantly
by the EASM. The rainfall in North China, however, is
influenced by the mid-latitudinal disturbances as well
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as the EASM, and thus it is a tough task to under-
stand well the mechanism for the variability of North
China rainfall.

The North China rainfall in the rainy season has a
great variability on the interannual timescale, partly
due to the variability of the EASM on the same
timescale (Shi and Zhu, 1996). Zhao and Song (1999)
presented that the atmospheric circulation over the
Eurasian continent and the western Pacific subtropical
high are associated with the interannual variability of
North China rainfall. Wang and Li (1990) suggested
that ENSO is associated with the precipitation fluctu-
ation over the semiarid region in China, the main part
of which is located west of North China with a small
part overlapped.

Besides the interannual variability, interdecadal
variability is also clearly detected in North China rain-
fall (Dai et al., 2004; Huang et al., 1999; Lu, 1999;
Yan et al., 1990; Yatagai and Yasunari, 1994; Zhu and
Wang, 2001). In fact, the interdecadal variability has
been somewhat well documented, although their mech-
anisms basically remain unclear. There were two sig-
nificant decreases in summer rainfall in North China,
one around the year 1965 and another in the late
1970s (Yan et al., 1990; Huang et al., 1999; Chen,
1999). The reasons for the climatic jumps, especially
for the decrease of North China rainfall in the late
1970s, however, are still not well known. Lu (2002,
2003) suggested that the physical mechanisms for the
interannual and interdecadal variations of North China
rainfall may be different and can be separately in-
vestigated. Furthermore, several studies showed that
in summer the North China rainfall is related to the
rainfall in India (Guo and Wang, 1988; Kripalani and
Singh, 1993; Zhang et al., 1999; Kripalani and Kulka-
rni, 2001).

The Sahel lies on the southern flanks of the Sa-
hara, and receives the bulk of its rainfall during July
to September. The low annual precipitation in this
area ranges approximately from 100 to 600 mm, and
is one of the drought-vulnerable regions of the world,
similar to North China to some extent. The Sahel
experienced persistent drought from the late 1960s,
with very brief recovery in some years. A great ef-
fort has been made to explain this persistent drought
with global or regional SST variations (Folland et al.,
1986; Shinoda and Kawamura, 1994; Rowell et al.,
1995; Rowell, 2001; Camberlin et al., 2001; among
many others). These studies showed that the SST
variations are responsible for most of the variability
of seasonal rainfall over tropical North Africa. In ad-
dition, the land-surface forcing may also contribute to
decadal variability of the Sahelian rainfall (Charney,
1975; Xue and Shukla, 1993).
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Yan et al. (1990, 1991) and Ji and Song (2001) in-
vestigated the Northern Hemispheric summer climatic
jump and atmospheric circulation changes around
1965, and found that the changes in climate (rainfall
and temperature) and circulation exhibit a southwest-
to-northeast zonal structure in geographical distribu-
tion. However, they did not focus on the linkage in the
low-frequency rainfall variability between North China
and the Sahel. In particular, they did not mention the
rainfall decrease in the late 1970s at all. The purpose
of this study is to investigate the linkage in the inter-
decadal rainfall variability between North China and
the Sahel and the associated circulation change before
and after the late 1970s, when the accurate observa-
tional data are available.

In section 2, the data used in this study are de-
scribed. In section 3, the variability of North China
rainfall, particularly on the interdecadal timescale, is
examined. The interdecadal variability of North China
rainfall is compared with that of Sahelian rainfall in
section 4. In section 5, the associated atmospheric cir-
culation changes are analyzed. Conclusions and dis-
cussion are presented in the final section.

2. Data

The monthly total precipitation data at 160 sta-
tions in China from 1951 to 2001, compiled by the
China Meteorological Administration, are used in this
study. Seventeen of these stations located in the re-
gion (34°-41°N, 111°-122°E) are used to calculate the
North China rainfall, i.e., the rainfall in North China
means the precipitation averaged over these seventeen
stations. The summer rainfall variability exhibits a
consistency in the selected region (Weng et al., 1999).

To investigate the rainfall variation in a long time
period, we also use a monthly precipitation dataset for
global land areas from 1900 to 1998, gridded at 2.5°
latitude by 3.75° longitude resolution, constructed by
Dr. Hulme at the Climatic Research Unit, Univer-
sity of East Anglia, UK (Hulme, 1992; Hulme et al.,
1998). In addition, we also use a seasonal precipitation
dataset of 35 stations in China from 1880 to 2000, con-
structed by the Department of Atmospheric Science,
Peking University, China (Ye et al., 1998; Wang et al.,
2000). This dataset is for seasonal mean, and the sum-
mer season is June, July, and August. The data are
based on both instrument observations and historical
documentary evidence before 1951, and based only on
instrument observations after 1951. During the period
1900-1950, the historical documentary evidence occu-
pies 31.0% of the construction.
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Fig. 1. Monthly total precipitation (white) and its year-
to-year standard deviation (grey) in each month in North
China, averaged over 17 observation stations in the region
(34°-41°N, 111°-122°E). Units: mm.
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Fig. 2. Five-year running mean of monthly total precip-
itation in North China. Lines for June and August are
thick, and lines for July and September are thin. Units:
mm.

The National Centers for Environmental Pre-
diction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis data are used. The reanal-
ysis data were expected to be devoid of any artificial
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climate jumps due to the use of different data assimila-
tions, as the analysis system and the model remained
unchanged throughout the analysis period (Kalnay et
al., 1996). However, recently, it was indicated that
the NCEP/NCAR reanalysis data have a problem in
encoding surface and mean sea level pressure into the
assimilation system for the period 1948-1967 (Yang
et al., 2002). The summer rainfall in North China is
closely related to lower-level circulation. Therefore, in
this study, only the 33-year (1968 to 2000) reanalysis
data are used.

3. Variations of rainfall in North China

Figure 1 shows the monthly total precipitation
and year-to-year standard deviations of each month
in North China. The rainfall is largely concentrated
in July and August. This fact suggests the existence
of a rainy season in North China, although the precip-
itation is not very large. The rainfall in North China
exhibits a feature different from the mei-yu, which is
the rainy season in the Yangtze River Basin in eastern
China and it generally starts in June and ends in July.
Unlike the mei-yu, the rainy season in North China
starts in July and ends in August. The standard de-
viation is also largest in July and August.

Despite the fact that the summer rainfall in North
China decreases abruptly around 1965 (Yan et al.,
1990) and at the end of the 1970s (e.g., Huang et al.,
1999), the decrease transitions do not happen in the
rainfall for each month. The decrease transitions are
mainly concentrated in the July and August rainfall,
showing no appreciable decrease in the monthly rain-
fall of June and September (Fig. 2). Both July and
August precipitation values decrease 60-80 mm at each
major transition, and increase 30-50 mm afterwards.
The August rainfall exhibits low-frequency variations
similar to the July rainfall, except for two short peri-
ods: the middle 1980s and late 1950s.

Due to the large amounts and standard deviation
and significant low-frequency oscillation of the July
and August (JA) rainfall, in this study we concentrate
on JA rainfall rather than summer (June-August)
rainfall. Figure 3 shows the JA precipitation varia-
tions in North China. To separate the low-frequency
variation from the interannual component, we used a
5-yr running mean. An 11-yr running mean was also
performed and showed a considerably similar result.
On the low-frequency timescale, the JA rainfall de-
creases abruptly around 1965 and repeats a decrease
with a similar range at the end of the 1970s after a
slight increase in the 1970s. In the middle 1990s, the
rainfall increases after the long dry period of the whole
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Fig. 3. The precipitation variations in North China dur-
ing the rainy season (July and August, JA) from 1951 to
2001. The bars are for JA precipitation in each year, and
the line is for the five-year running mean. Each bar rises
or falls from the 19512001 climatology. Units: mm.

1980s. Due to the lack of reliable circulation data prior
to 1968, in this study, we investigate the circulation
difference before and after the end of the 1970s and
the possible mechanism responsible for this difference.

4. Comparison with the Sahelian rainfall

Yan et al. (1990, 1991) found that around 1965, the
changes in climate (rainfall and temperature) and cir-
culation exhibit a southwest-to-northeast zonal struc-
ture in geographical distribution, and linked the rain-
fall decrease in North China with that in the Sahel.
In this section, we compare the low-frequency rainfall
variability in North China and that in the Sahel, using
a longer period of rainfall data.

Figure 4 illustrates the time series of the JA rain-
fall variations in the Sahel and in North China, re-
spectively. The area defined as the Sahel encompasses
11.25°-18.75°N, 16.875°W—-35.625°E, being identical
to that of Rowell (2001). The JA Sahelian rainfall
(Fig. 4a) exhibits weak low-frequency variability prior
to the 1950s, and becomes heavy during the 1950’s.
After the 1950s, the Sahel experiences a long-running
drought, with short periods of steady states around the
early 1970s and around 1990. The JA Sahelian rain-
fall shows a roughly similar feature of low-frequency
variability with the July-August-September (JAS) Sa-
helian rainfall (e.g., Rowell et al., 1995), despite the ex-
clusion of the month of September from the JA group-
ing.
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Fig. 4. The JA precipitation variations in the Sahel (a)
and in North China (b) from 1900 to 1998, according to
the monthly precipitation dataset for global land areas,
constructed by Hulme. The bars are for JA precipitation
in each year, and the line is for the five-year running mean.
Each bar rises or falls from the 1941-70 climatology. Units:
mim.

Since the Hulme rainfall data are box data, when
we use the Hulme rainfall data it is impossible to repre-
sent North China by the identical region that we used
to represent North China in the preceding section. The
region for North China for the Hulme rainfall data en-
compasses 33.75°-41.25°N, 110.625°-121.875°E, and
is a little larger than the previously used one. The
North China rainfall (Fig. 4b) also exhibits weak low-
frequency variability prior to the 1950s. It becomes
heavy around the 1960s. The North China rainfall de-
creases around 1965 and around the late 1970s with a
slight increase in the early 1970s. Similar to the Sa-
helian rainfall, the North China rainfall also increases
around 1990. The North China rainfall shows a gener-
ally similar low-frequency variability with the Sahelian
rainfall, despite the lower values in the middle 1950s.
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Fig. 5. The JJA precipitation variations in the Sahel (a)
and in North China (b and c¢) from 1900 to 1998. (a)
and (b) are obtained according to the monthly precipita-
tion dataset for global land areas, constructed by Hulme
(c) is according to the seasonal precipitation dataset at 35
stations in China, constructed by Peking University. The
bars are for JJA precipitation in each year, and the line
is for the five-year running mean. Each bar rises or falls
from the 1941-70 climatology. Units: mm.

Figure 3, which is obtained by gauge observation
in China, shows that the rainfall is heavy in the 1950s
in North China, though it is slightly lower than in
the early 1960s. This is not consistent with the re-
sult shown by Fig. 4, which is obtained by the Hulme
rainfall data. This inconsistency may be due to sev-
eral reasons. Among these reasons, the following two
might be important. First, the difference in domain
for North China causes different time series. Particu-
larly, a box (2.5° latitude by 3.75° longitude) for the
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Hulme rainfall dataset is not adequately small, com-
pared with the region of North China. There are 9
boxes in the region of North China, and one more/less
box might cause a significant difference in the time se-
ries of North China rainfall. Second, the methods for
weighted average are different. For the gauge observa-
tion data in China, we used equal weights to calculate
the rainfall average in North China. On the other
hand, the Thiessen weighted values were used to com-
pute the grid-box means in the Hulme rainfall dataset.
The different weighting methods, however, may not
produce a significant difference in rainfall variability,
since the 17 stations that are used to represent North
China are roughly uniformly spaced.

The rainfall variability was examined again us-
ing a different dataset. The Department of At-
mospheric Science, Peking University, China, con-
structed a long-time seasonal precipitation dataset.
The dataset includes the precipitation data at 35 sta-
tions in China from 1880 to 2000. Among these
35 stations, six stations located in North China
are Taiyuan (37.9°N, 112.5°E), Zhengzhou (34.3°N,
113.6°E), Beijing (39.5°N, 116.3°E), Jinan (36.7°N,
117.0°E), Xuzhou (34.3°N, 117.6°E), and Yantai
(37.5°N, 121.4°E). These six stations are roughly uni-
formly spaced and are all included among the 17 sta-
tions that have been used to represent North China in
the preceding and present sections.

Only the summer (June, July, and August; JJA)
precipitation data are available from the dataset by the
Department of Atmospheric Science, Peking Univer-
sity, China. Therefore, we have to compare the JJA,
rather than JA, rainfall variations in North China and
in the Sahel. Figure 5 shows the JJA rainfall vari-
ations in the Sahel and in North China. The North
China rainfall variations, both obtained by the Hulme
dataset and by averaging over the above-mentioned six
stations, are given in Fig. 5. A comparison between
Fig. 5a and Fig. 4a, and that between Fig. 5b and Fig.
4b, all indicate that the June rainfall does not influence
much the interdecadal variability of summer rainfall in
the Sahel and in North China. This is also shown by a
comparison between Fig. 5¢ and Fig. 3 for the period
of 1951-1998. Thus, the low-frequency variability of
JJA rainfall can be regarded as that of JA rainfall.

The low-frequency variation of North China rain-
fall obtained by the long-time gauge dataset exhibits
less rainfall in the early 1940s and more rainfall in the
1950s (Fig. 5¢) compared with that obtained by the
Hulme dataset (Fig. 5b). Thus, the North China rain-
fall obtained by the long-time gauge dataset shows a
more similar interdecadal variability to the Sahelian
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Fig. 6. July-August mean 850-hPa horizontal wind dif-
ferences between the dry period (from 1979 to 2000) and
the normal period (from 1968 to 1978). (a) over North

Africa; (b) over North China. The vector scales are shown
below each panel.

rainfall.
5. Associated atmospheric circulation

In the preceding two sections, it has been shown
that the JA rainfall both in North China and in the
Sahel exhibits a similar low-frequency variability, with
major decreasing transitions around 1965 and at the
end of the 1970s, respectively. In this section, we inves-
tigate the atmospheric circulations associated with the
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second decreasing transition of rainfall, around which
the reliable reanalysis data are available.

Figure 6 shows the JA mean 850 hPa horizontal
wind differences before and after the end of the 1970s,
i.e., the 1979-2000 mean minus the 1968-1978 mean.
Although the North China rainfall shows an increasing
tendency in the middle 1990s, it decreases again in the
late 1990s. On the other hand, we found that the cir-
culations in the middle 1990s are very similar to those
in the 1980s, at least in the scope of this study (not
shown here, but partly shown in Figs. 7 and 9). There-
fore, in this study we consider the rainfall decrease in
the middle 1990s as part of the interannual variation
and include the middle 1990s in the dry period.

Around the late 1970s, the wind changes show an
anticyclonic anomaly over tropical North Africa. Asso-
ciated with this anticyclonic anomaly, there is a west-
erly anomaly along 15°-20°N, and an easterly anomaly
around 5°N. This feature of lower-level circulation
anomaly is very similar to that related to the Sahe-
lian drought (Shinoda and Kawamura, 1994; Fontaine
et al., 1995; Camberlin et al., 2001).

At the same time, there are clear northerly changes
in eastern China with a maximum center over North
China. As the most northward region in China where
the clear influences of the EASM can reach, North
China obtains water vapour transported from the
Tropics by lower-level southerlies. Therefore, the nor-
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Fig. 7. Variations of the 850-hPa meridional velocity
averaged over the region (110°—120°E, 30°-50°N). Units:
m s~1. The two bars indicate the averaged values during
the wet and dry periods, respectively.
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Fig. 8. Same as Fig. 6, but for 200 hPa.

therly changes diminish the climatological southerlies
in eastern China, and result in less flux of water va-
por poleward into North China, where the precipitable
water is generally much less than in the Yangtze River
basin and is a crucial condition for rainfall. The 850
hPa southerly over North China exhibits remarkable
decreases in the late 1970s (Fig. 7). The southerly
averaged over North China is more than 2 m s~! be-
fore the late 1970s, whereas it decreases considerably
afterwards, to approximately 0.8 m s—!.

At the end of the 1970s, the upper-level circulation
also experienced significant changes over both North
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Fig. 9. Surface pressure anomalies from 1968 to 1998 av-
eraged over (60°-120°E, 30°-60°N). Units: Pa.

Africa and North China. Figure 8a shows that there is
a cyclonic circulation change over North Africa. This
circulation change indicates that the 200 hPa tropical
easterly jet (TEJ) located at about 7°N becomes weak-
ened after the late 1970s, and is related to the Sahelian
rainfall change, since a weaker TEJ is associated with
the Sahelian drought (Fontaine et al., 1995; Camberlin
et al., 2001). Over North China, there is also a cyclonic
circulation change in upper levels at the end of the
1970s (Fig. 8b). This circulation change indicates that
the East Asian upper-level westerly jet (EAJ), which
is located at 40°N in July and August, shifts south-
ward after the end of the 1970s. A southward-shifted
EAJ is associated with a southward-shifted lower-level
subtropical anticyclone over the western North Pacific,
and thus prevents the poleward shift of the EASM
rainband into North China. Therefore, the cyclonic
circulation change is also related to the drought from
the end of the 1970s in North China.

The surface pressure also shows a significant
change at the end of the 1970s (Fig. 9). The sur-
face pressure increases remarkably over the eastern
Eurasian continent in the late 1970s, and the positive
anomalies basically persist throughout the 1980s and
1990s. There appears to be an anticyclonic anomaly
over the eastern Eurasian continent, especially over
China. Such an anticyclonic anomaly over China ap-
pears also in Fig. 6b. We have also examined the varia-
tions of geopotential heights at 850 hPa, and obtained
a very similar pattern (not shown). Note that there
are many mountains higher than the level of 850 hPa in
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the Eurasian continent between the latitudes of 30°N
and 50°N. Thus the data at 850 hPa are somewhat
artificial at the high regions. However, there are not
many high and huge mountains in eastern China, and
thus the data, including all of the surface pressure and
wind flows and geopotential heights at 850 hPa, are
adequately accurate in eastern China. Therefore, the
above results are reliable for the discussion on the cir-
culations in eastern China.

The weakening of the 850-hPa southerly flows
over eastern China, associated with the anticyclonic
anomaly over China, can be used to explain the de-
creasing transition in the North China rainfall in the
late 1970s. However, the reason for the existence of the
anticyclonic anomaly is still unknown. Wang (2001)
also found the transition in the late 1970s and showed
that the Asian and African summer monsoon circula-
tion becomes weaker after this transition.

6. Conclusions and discussion

In this study, the interdecadal variations of rainfall
in North China are examined and compared with those
in the Sahel by using the Hulme dataset, a gauge obser-
vation dataset, and a gauge observation and historical
document merged dataset in China. In North China,
the rainfall in July and August is much greater than in
other months, and exhibits a significant interdecadal
oscillation. Therefore, in this study we concentrate on
JA rainfall, rather than summer (June-August) rain-
fall.

A 5-year running mean depicts well the inter-
decadal variability and shows that the North China
rainfall experiences two decrease transitions: one
around 1965 and another at the end of the 1970s. Both
the North China rainfall and Sahelian rainfall show a
great interdecadal variability after 1950. For almost a
century (1900-1998), the rainfall in North China ex-
hibits a low-frequency variability similar to the Sahe-
lian rainfall. In particular, these two remote regions
both experienced a persistent drought in the last three
decades.

The 33-year (1968 to 2000) NCEP /NCAR reanaly-
sis data are utilized to analyze the associated changes
in atmospheric circulation. The data period covers the
decreasing transition of North China rainfall at the
end of the 1970s. Corresponding to this transition,
a northerly anomaly and an anticyclonic anomaly ap-
pear at lower levels over eastern China and over North
Africa, respectively. At upper levels, corresponding to
the transition, there are cyclonic anomalies over North
China and North Africa, respectively. These circula-
tion features at both upper and lower levels are related
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to the decrease in precipitation in North China and the
Sahel.

The present study fails to give the reasons for the
linkage in the interdecadal variability of rainfall in the
Sahel and North China, due to the absence of long-
period datasets, especially the circulation data. On
the other hand, current numerical models have some
ability to capture the interdecadal variability of the
Sahelian rainfall, but no ability to reproduce the rain-
fall variability in North China.

The North China rainfall shows a more significant
interannual variability than the Sahelian rainfall, sug-
gesting the existence of other contributors to the vari-
ability of the North China rainfall in addition to the
Sahelian rainfall. However, these contributors may
play a minor role or counteract each other on the low-
frequency timescales, and thus the North China rain-
fall shows a similar low-frequency variability with the
Sahelian rainfall.
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