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ABSTRACT

Climate in mainland China can be divided into the monsoon region in the southeast and the westerly
region in the northwest as well as the intercross zone, i.e., the monsoon northernmost marginal active zone
that is oriented from Southwest China to the upper Yellow River, North China, and Northeast China. In
the three regions, dry-wet climate changes are directly linked to the interaction of the southerly monsoon
flow on the east side of the Tibetan Plateau and the westerly flow on the north side of the Plateau from the
inter-annual to inter-decadal timescales. Some basic features of climate variability in the three regions for
the last half century and the historical hundreds of years are reviewed in this paper.

In the last half century, an increasing trend of summer precipitation associated with the enhancing west-
erly flow is found in the westerly region from Xinjiang to northern parts of North China and Northeast China.
On the other hand, an increasing trend of summer precipitation along the Yangtze River and a decreasing
trend of summer precipitation along the monsoon northernmost marginal active zone are associated with
the weakening monsoon flow in East Asia.

Historical documents are widely distributed in the monsoon region for hundreds of years and natural
climate proxies are constructed in the non-monsoon region, while two types of climate proxies can be com-
monly found over the monsoon northernmost marginal active zone. In the monsoon region, dry-wet variation
centers are altered among North China, the lower Yangtze River, and South China from one century to an-
other. Dry or wet anomalies are firstly observed along the monsoon northernmost marginal active zone
and shifted southward or southeastward to the Yangtze River valley and South China in about a 70-year
timescale. Severe drought events are experienced along the monsoon northernmost marginal active zone
during the last 5 centuries. Inter-decadal dry-wet variations are depicted by natural proxies for the last 4–5
centuries in several areas over the non-monsoon region.

Some questions, such as the impact of global warming on dry-wet regime changes in China, complex
interactions between the monsoon and westerly flows in Northeast China, and the integrated multi-proxy
analysis throughout all of China, are proposed.
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1. Introduction

In the world, climate can be divided into two
types, i.e., monsoon and non-monsoon regions, based
on whether the region is influenced by monsoon flow

and monsoon rainfall. Monsoons occur over the trop-
ics of southern and eastern Asia and northern Aus-
tralia, parts of western and central Africa, Mexico,
the southwest USA, and parts of South America and
South Africa (IPCC, 2007). The East Asian monsoon,
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or the East Asian subtropical monsoon, is mainly lo-
cated along the Yangtze River in China to Japan. The
unique topography, particularly the Tibetan Plateau
situated in the southwestern part of China, has a
strong influence on the intensity and location of the
subtropical monsoon activity (Yu et al., 2004; Wu et
al., 2007; Tang et al., 2007b). Relevant to the Tibetan
Plateau topography, there are two air flows with the
westerly flow to its north and the southerly flow in
eastern China. The two branches of air flows converge
on the lee side of the Tibetan Plateau. That forms
a subtropical frontal zone from East China to Japan
and moves gradually from South China to the Yangtze
River, even to northern China from May to late July.
The features of the frontal rainfall in the subtropical
monsoon region are different from those of the tropi-
cal monsoon rainfall. For the tropical monsoon, two
significant features are the monsoon onset date and
the monsoon intensity, changing from year to year,
but the subtropical monsoon has the third feature of
location changes. This is especially important, as in
some years the monsoon rainfall cannot reach north-
ern China due to weak monsoon flow. These location
changes can lead to severe floods or droughts in some
years and can even produce decadal anomalous climate
events or inter-decadal dry-wet regime alternations.

In northern China, the northernmost location of
the subtropical summer monsoon changes from year to
year and from decade to decade. These changes form a
summer monsoon northernmost marginal active zone
(Hu and Qian, 2007; Qian et al., 2007a), which is also
the crop-pasture crossing zone, biological vulnerable
zone, and climate sensitive zone (Fu, 2003). Extreme
weather and extreme climate tend to occur along the
active zone (Shi et al., 1994) so that the study on its
variability is the most important for the sustainable
economic and life-supporting developments in north-
ern China. We review the results of recent investiga-
tions on the dry-wet variability over the monsoon and
non-monsoon regions, as well as the monsoon north-
ernmost marginal active zone in China. The yearly
northernmost location of the summer monsoon and the
monsoon northernmost marginal active zone in China
is first described in section 2. The interaction between
the monsoon and the westerly flows is given in section
3. Some basic features of dry-wet climate variability in
the westerly flow region, the southerly monsoon flow
region, and the monsoon northernmost marginal ac-
tive zone are reviewed in section 4. Finally, summary
and discussion are given in section 5.

2. The monsoon northernmost marginal ac-
tive zone

The climatological northernmost location of the

subtropical summer monsoon has been studied by
many meteorological scientists in China. There are
three types of definition to describe the climatologi-
cal northernmost location of the summer monsoon in
eastern China. One is based on the nature of the air
mass from both temperature and moisture. The other
two are based on the monsoon rainfall and the lower-
tropospheric southwesterly winds over East Asia. Tu
and Huang (1944) constructed a combined variable,
regarding the fact that the northernmost location of
the summer monsoon in eastern China is a crossing
section where a warm-humid air mass and a cold-
dry air mass meet. Shi and Chao (1982) used the
pentad-mean pseudo-equivalent potential temperature
at the 850 hPa level from June to September with the
isotherm θse=332 K as the critical value and found
that the climatological northernmost latitude of the
summer monsoon in North China is at about 40◦N.
A recent advanced definition of the summer monsoon
including both the intensity of the southwesterly wind
and the extent of both temperature and moisture was
proposed by Wang et al. (1999) as well. Based on the
definition, Wu et al. (2005) found that there was inter-
decadal variation for the position of the northernmost
location in eastern China during the last 50 years.

Monsoon precipitation is a joint result of circu-
lation (wind) and moisture (vapor transportation)
caused by the thermal condition (temperature con-
trast). Gao (1962) identified that the climatological
mean location of the monsoon northernmost edge is
basically to the north of 40◦N and its latitude gradu-
ally extends from 40◦N in the west to 50◦N at 120◦E,
regarding the largest pentad rainfall belt and the dif-
ference of the relative humidity between summer and
winter.

During the last two decades, the onset dates of the
summer monsoon and the monsoon annual coverage
in Asia have been documented in previous studies us-
ing instrumental precipitation data (Tao and Chen,
1987; Tanaka, 1992) and satellite-derived data (Lau
and Yang, 1997; Qian and Lee, 2000). Using the Cli-
mate Prediction Center’s (CPC) Merged Analysis of
Precipitation (CMAP; Xie and Arkin, 1997), Wang
and Lin (2002) investigated the onset, peak, and with-
drawal of the rainy season in South Asia, East Asia,
and the Northwest Pacific region. However, these pre-
vious studies were based on averaged data over 5-day
at a relatively coarse spatial resolution (2.5◦ × 2.5◦).
Here we report the result using the daily precipita-
tion data from 486 stations (Qian and Qin, 2008) in
China to identify the precipitation seasonal advances
in greater detail.

For identification of the rainy season lengths we
need to develop criteria to define the beginning and
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end of the monsoon rainy season. Several precipitation
criteria have been used in previous studies to define the
start of the rainy season, including 4 mm d−1 (Qian
and Lee, 2000), 5 mm d−1 (Wang and Lin, 2002), and
6 mm d−1 (Qian et al., 2002). Figure 1 shows the
climate isochrones of 4 mm d−1 , 5 mm d−1 , and 7
mm d−1 precipitation. Climatologically, precipitation
of 4 mm d−1 or 5 mm d−1 starts initially from South-
east China in February and then the isochrone moves
northward in four steps along eastern China. From
the calendar dates 30 to 60, the isochrones with a 4
mm d−1 or 5 mm d−1 criterion show spatial cluster-
ing basically along the lower Yangtze River for about
one month (Figs. 1a and 1c). This exhibits relatively
dry weather of less than 4 mm d−1 precipitation to
the north of the isochrones while rainfall of more than
4 mm d−1 to the south. From the calendar dates 70
to 110 in March and April, the isochrones are spa-
tially clustering along the Huaihe River (north of the
lower Yangtze River). In May and early June from the
calendar dates 120 to 160, the isochrones are cluster-
ing along the lower Yellow River. Finally, they arrive
in the northernmost location oriented from the cen-
tral Tibetan Plateau, the upper Yellow River, and the
north part of North China on the calendar dates 180
to 210.

The four steps of the northward precipitation ad-
vance are only observed from the two criteria of
4 mm d−1 and 5 mm d−1 , but only two steps of the
northward precipitation advance are noted using the
7 mm d−1 criterion. The climatological northernmost
location of the summer monsoon can be clearly ob-
served from the last step of the precipitation advance
in July under the criteria of 4 mm d−1 and 5 mm d−1

. This northernmost location of precipitation divides
China into two parts: the summer monsoon region to
its southeast and the non-monsoon region to its north-
west.

Dates of the northward advance (or southward re-
treat) of the isochrones in precipitation (as the calen-
dar dates from the 1st, January) averaged for the 41-
year period from 1960 to 2000 (7-day running mean is
used for the precipitation) based on the daily precipi-
tation data from 486 stations in China: (a) northward
advance for 4 mm d−1 isochrones, (b) southward re-
treat for 4 mm d−1 isochrones, (c) northward advance
for 5 mm d−1 isochrones, and (d) northward advance
for 7 mm d−1 isochrones. Boxed area in Fig. 1d de-
notes the monsoon northernmost marginal active zone.

The precipitation isochrones of 4 mm d−1 or 5 mm
d−1 remain along the northernmost location for about
one month from the calendar dates 210 to 240 in Au-
gust (Figs. 1a and 1b). The southward retreat of the
4 mm d−1 precipitation isochrones is faster than its

northward advance particularly near the east coast.
From the calendar dates 280 to 300 (in October), it
retreats to the lower Yangtze River. The autumn pre-
cipitation can be noted in Southwest China. It is inter-
esting to note that the zone between the last locations
of the 4 mm d−1 and 7 mm d−1 precipitation covers
the semi-arid region in northern and western China
with an annual-mean precipitation ranging from 200
mm to 600 mm (Qian and Lin, 2005).

By the updated CMAP precipitation data, sea-
sonal marches of the pentad-mean precipitation in
East Asia along different longitudes are shown in Fig.
2. Along 101.25◦E, a precipitation center is located
in the mid-high latitude region near 50◦N from pen-
tads 37 to 45 in July to August, while another large
precipitation center with the value of 4 mm d−1 starts
from pentad 31 and extends between 26◦N and 35◦N
persisting to pentad 54. The mid-high latitude cen-
ter of precipitation is situated in the westerly flow re-
gion over Russia and the northern part of Mongolia.
A dry zone with less precipitation is found over the
upper Yellow River which separates two large precip-
itation regions in Siberia and southern China. Along
111.25◦E, the dry (dashed) line moves northward to
45◦N, accompanying the northward advance of the
3 mm d−1 or 4 mm d−1 precipitation. Along the
longitude of 118.75◦E, the dry line moves to 50◦N,
and still separates the southern monsoon precipita-
tion from the northern westerly precipitation. Finally,
Fig. 2d shows the pentad-mean precipitation along the
123.75◦E where the westerly precipitation cannot be
separated from the monsoon precipitation. These fig-
ures suggest that the summer monsoon northernmost
edge can be clarified in Northwest China and North
China rather than in Northeast China. In Southwest
China along the upper valleys of the Yellow River and
Yangtze River (Fig. 2a), the onset of the monsoon
rainfall rapidly occurred in pentad 30 from 26◦N to
35◦N. In East China, the monsoon rainfall gradually
extends northward with the season while the mon-
soon rainfall is mixed with the westerly precipitation
in the Northeast China region. The inter-annual and
inter-decadal variability of the monsoon northernmost
marginal active zone in Northwest China and North
China has become a hot topic in recent years (Tang et
al., 2006; Ou and Qian, 2006; Tang et al., 2007a; Hu
and Qian, 2007; Fu and Liu, 2007), while the interac-
tion between the westerly precipitation and monsoon
rainfall in Northeast China has not yet been investi-
gated.

Actually, in some years, the 4 mm d−1 or 5 mm
d−1 precipitation could reach the northernmost loca-
tion as shown in Fig. 1a and Fig. 2a–c, but in other
years it can only arrive to the location as in Fig. 1d.
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Fig. 1. Dates of the northward advance (or southward retreat) of the isochrones in precipitation
(as the calendar dates from the 1st, January) averaged for the 41-year period from 1960 to 2000
(7-day running mean is used for the precipitation) based on the daily precipitation data from 486
stations in China: (a) northward advance for 4 mm d−1 isochrones, (b) southward retreat for 4 mm
d−1 isochrones, (c) northward advance for 5 mm d−1 isochrones, and (d) northward advance for 7
mm d−1 isochrones. Boxed area in (d) denotes the monsoon northernmost marginal active zone.
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Fig. 2. Seasonal marches of pentad (1–73) precipitation along (a) 101.25◦E, (b) 111.25◦E, (c)
118.75◦E, and (d) 123.75◦E from 26◦N to 61◦N based on the CMAP precipitation for 1979–2001.
The heavy dashed lines separate the monsoon precipitation in its southern part and the westerly
precipitation in its northern part.
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These inter-annual and inter-decadal changes form the
monsoon northernmost marginal active zone, which
separates the monsoon region to its southeast and
the non-monsoon region to its northwest (Qian et al.,
2007a). The domain of the monsoon northernmost
marginal active zone in China and eastern Mongolia is
denoted by a box in Fig. 1d.

3. Interaction between the monsoon and
westerly flows

In the summer, the southerly moisture transporta-
tion is dominant to the east of the Tibetan Plateau
over China. The yearly variation of the southerly mois-
ture transportation in East Asia is greatly influenced
by the inter-annual intensity of the Somali Jet (Wang
and Xue, 2003). As indicated in our previous study
(Qian et al., 2007a), a strong monsoon appeared in
the years of 1981, 1988, 1990, and 1994 while a weak
monsoon occurred in the years of 1980, 1983, 1986,
1991, 1992, and 1998 in July in the region of North
China. The composite analysis of the specific humid-
ity transportation (stream line) and the CMAP pre-
cipitation in July for the strong and weak monsoons
as well as their difference from the weak monsoon mi-
nus the strong monsoon are shown in Fig. 3. For
the strong monsoon, the southerly flow can reach the
boundary between China and Mongolia with more pre-
cipitation from North China to Northeast China and
the south coast of China with less precipitation along
the Yangtze River. For the weak monsoon, southerly
monsoon flow prevails from the Yangtze River to the
Korean Peninsula with more precipitation along the
Yangtze River to the Korean Peninsula and Japan but
with less precipitation in its southern and northern
parts. The deep trough of the westerly flow for the
strong monsoon is located in the northeast part of the
Tibetan Plateau while it moves eastward to Northeast
China for the weak monsoon. A ridge of flow could be
observed along the Yangtze River for the strong mon-
soon whereas the ridge is significantly located in the
monsoon northernmost marginal active zone for the
weak monsoon.

A difference of specific humidity transportation
and precipitation from the weak monsoon minus the
strong monsoon is shown in Fig. 3c. It is interesting to
note that the flow convergence and the distribution of
positive values of precipitation are common along the
Yangtze River to South Korea and Japan while the
distributions of negative values of precipitation occur
along the monsoon northernmost marginal active zone
and the south coast of China.

It is recognized that after the late 1970s the mon-
soon in East Asia became weaker (Wang, 2001; Gong

and Ho, 2002; Huang et al., 2003; Guo et al., 2003;
Jiang and Wang, 2005; Han and Wang, 2007). Dur-
ing the first period (1968–1978), the specific humid-
ity transportation was strong in eastern China and
could reach the northern boundary of China, while
during the late period (1979–1998), the specific hu-
midity transportation did not reach the northern parts
over North China and Northeast China (Qian et al.,
2007a). In the late period, the flows with more specific
humidity transportation were dominant from the lower
Yangtze River to South Korea, while a ridge of flow
occurred in North China. The circulation patterns in
strong or weak monsoon decades are completely sim-
ilar to that in strong or weak monsoon years in East
Asia.

From Figs. 3a and 3b, a divergence line of monsoon
flows along 105◦E in Southwest China and an interac-
tion line between the southerly flow and the westerly
flow near the monsoon northernmost marginal active
zone in northern China can be obviously recognized.
The features of precipitation in those regions separated
by the divergence line and interaction line are differ-
ent. In the west of the divergence line, the summer
precipitation with the value 3 or 4 mm d−1 rapidly
extends from 26◦N to 35◦N starting in pentads 30 or
31 (early June). In the east of the convergence line and
south of the interaction line, the summer precipitation
gradually extends northward with the season. To the
north of the interaction line, the summer precipitation
is stable in July and August and is centered along the
polar frontal location where the moisture is coming
from, the Atlantic Ocean and the Arctic Ocean.

The yearly and decadal severe droughts and floods
frequently occurred in South China, the lower Yangtze
River, North China, and Northeast China, which are
the four centers of dry-wet variability in China (Qian
et al., 2003). The circulation anomaly along the west-
erly flow, indicated by previous investigations (Liu et
al., 2004; Liao et al., 2004, 2006), is an important part
in contributing to the formation of summer floods and
droughts in eastern China. Figure 3 depicts that the
westerly flow and the southerly monsoon flow alter
their locations and intensities separately to the north
and east of the Tibetan Plateau. The two flows con-
verge in eastern China over the lee side of the Tibetan
Plateau to form an interaction line from Northwest
China to North China and Northeast China in July.
The position of the interaction line changing from year
to year and from different decades can explain the
dry-wet oscillations near the monsoon northernmost
marginal active zone, the lower Yangtze River valley,
and South China as well as the rainfall regime shifts
in East Asia.

Recently, we have demonstrated the overall decrea-
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Fig. 3. Composite analysis of the specific humidity transportation (stream
line) calculated from the mean between 500–1000 hPa and the CMAP precip-
itation (mm d−1, color marked in right) in July for (a) the strong monsoon
years 1981, 1988, 1990, and 1994, (b) the weak monsoon years 1980, 1983,
1986, 1991, and 1992, and (c) the difference of the weak monsoon minus the
strong monsoon. The method calculated for the specific humidity transporta-
tion is the same as in Qian et al. (2007a).
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Fig. 4. Precipitation differences (mm) of two periods with 1979–2000 minus
1961–1978 for July (Qian et al., 2007a).
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Fig. 5. Schematic diagram for the interaction between the southerly monsoon
flow to the east of the Tibetan Plateau and the westerly flow to the north of
the Plateau in July.

sing trend of trace and light rain (<1.0 mm d−1)
events, accompanied by increasing temperatures in
China by the daily summer (JJA) data from 1961 to
2005 (Qian et al., 2007b). However, there were differ-
ent causes for the trends in moderate rain (>1.0 but
< 50.0 mm d−1) events. In eastern China, the weak-
ening trend of monsoon flow in East Asia caused the
decrease of moderate rain events in North China and
the increase along the Yangtze River valley.

Figure 4 shows the precipitation differences of two
periods with 1979–2000 minus 1961–1978 for July in
China. The negative values appeared along the mon-
soon active zone due to decreasing southerly monsoon
flow while the positive values occurred over the west-
erly flow region and along the Yangtze River (Qian et
al., 2007a).

A schematic diagram with the interaction between
monsoon and westerly flows is illustrated in Fig. 5.

During the year or decade of the strong (weak) sum-
mer monsoon, southerly flow can (not) reach northern
China and the above (below) normal precipitation is
along the monsoon northernmost marginal active zone
and South China, separated by the below (above) nor-
mal precipitation in the region influenced by the west-
erly flow and along the Yangtze River. Changes in the
intensity of the westerly flow and southerly monsoon
flow are accompanied by changes in thermal contrasts
such as temperature variability over high latitudes, the
Tibetan Plateau, and nearby oceans, as well as land
utilization and human activity in East Asia (Rao et
al., 1996; Weng et al., 1999; Chang et al., 2000).

4. Historical dry-wet variability

In the early 1950s, the number of observational sta-
tions in China increased from 160 to 400. Since the
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1960s, the number has been stable at more than 600
in China. The primary limitation of climate change re-
search is how to get long-term observations or a proxy
series of temperature and precipitation. Two kinds of
precipitation or dry-wet indices have been applied in
recent literatures. One is the seasonal precipitation
constructed in eastern China originally with 35 sites
and updated to 71 sites since 1880 by Wang et al.
(2000, 2004). The second data is the dry-wet index se-
ries from 100 sites in eastern China since 1470, which is
based mainly on the compilation of historical records.
The dry-wet index data have been widely applied by
Song (2000) for 1470–1998, by Hu and Feng (2001) for
1470–1997, and recently by Shen et al. (2007). The
dry-wet index series of each site, which represents a
small region, are expressed by five grades from ex-
tremely wet or flood (grade 1), wet (grade 2), normal
(grade 3), dry (grade 4), and extremely dry, or drought
(grade 5). For the last half century, both the instru-
mental data and the descriptions exist. The grades
are mainly based on the rainfall data, supplemented
by descriptions.

Historical climate documents can be found in the
monsoon region of eastern China and the semiarid re-
gion, while natural proxies, such as tree rings, ice cores,
and lake sediments, have been constructed through-
out the monsoon northernmost marginal active zone
and non-monsoon region over western China. Natu-
ral proxies with high resolutions are invaluable for ex-
tending the limited instrumental records back in time
and can be collected from literatures in the recent
two decades (Lin, 2007). Tree rings are of particular
value since they provide exactly dated, annual infor-
mation about past climate conditions. Figure 6 gives
different lengths of historical data including sediment
records, ice-core records, dry-wet indices, documen-
tary records, and tree-ring records in China and nearby
countries.

For the long-term climate series, Fig. 6 indicates
that dry-wet indices and documental records are dis-
tributed in eastern China and natural proxies are con-
structed in western China while along the monsoon
northernmost marginal active zone two kinds of data
exist. By using the 100-site dry-wet series for the last
500 years, several features of climate variations are ex-
amined in recent years.

One of the features is that the dry or wet anoma-
lies are first observed along the monsoon northernmost
marginal active zone and shifted southward or south-
eastward to the Yangtze River and South China with
about a 70-year timescale. Using the precipitation
data or dry-wet series in eastern China, two papers de-
scribed that the dry or wet signals with inter-decadal
timescales is first observed in North China and then
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Fig. 6. Sites of climate dry-wet proxies including sedi-
ment records, ice-core records, dry-wet indices, documen-
tal records, and tree-ring records in China and nearby
countries with time lengths for the (a) last 400–500 years
and the (b) last 250 years (Lin, 2007).

shifts southward to the Yangtze River and South
China (Qian and Zhu, 2001; Hu and Feng, 2001). In re-
cent years, analyses from seasonal precipitation for the
last century indicated that the inter-decadal abnor-
mal precipitation signal first appears in the monsoon
northernmost marginal active zone, and then moves
slowly eastward and southward to southern China
(Li et al., 2002; Qian et al., 2006). Drought events
are one of the severest natural disasters in northern
China. Shen et al. (2007) investigated three excep-
tional drought events, which individually occurred in
1586–1589, 1638–1641, and 1965–1966 in North China.
They found that all of the droughts developed firstly
in North China and then either expanded southward
or moved to the Yangtze River valley.

The second feature is that the three centers of the
dry and wet variations separated in North China, the
lower Yangtze River, and South China, and are altered
from one century to another (Qian et al., 2003). When
considering the dry-wet series in eastern China from
the last 530 years as a whole, the first two modes of
dry-wet variability are found in the mid to low sec-
tions of the two major valleys, the Yellow River and
Yangtze River valleys. However, over the last 500
years the strength and location of the principal modes
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have experienced significant changes. During the 20th
century, the first mode is found in the lower Yangtze
River valley, the second mode in South China, while
the third mode is located in the middle-lower Yellow
River valley. During the 19th century, the first three
modes are situated in the middle-lower Yellow River,
the middle-lower Yangtze River, and South China,
respectively. The first two modes in the 18th cen-
tury are located in the middle-lower Yellow River and
the middle-lower Yangtze River valleys. The largest
change of all the modes occurred in the 17th century
with the first mode in Northeast China, the second
mode in Northwest China, and the third mode in the
middle-lower Yangtze River valley. During the 16th
century, the first two modes are found in the middle-
lower Yangtze River and the middle-lower Yellow River
valleys. In each of the last five centuries, some spe-
cial dry-wet processes are characterized in the middle-
lower Yangtze River and the middle-lower Yellow River
(North China).

The third feature is that several severe drought
events are experienced along the monsoon northern-
most marginal active zone during the last five cen-
turies. A dry-wet index series for the last 534 years
since 1470, indicating the intensity of the summer
monsoon extending in northern China has been de-
rived from the dry-wet indices over the monsoon north-
ernmost marginal active zone. Totally, 49 drought
years and 26 severe drought years are derived. These
severe drought years are nested in several dry-wet os-
cillations with respect to different time periods, as
derived by the methods of wavelet transform and
global wavelet spectral. The 132-year oscillation dur-
ing 1470–1650, the quasi-70–80-year oscillation dur-
ing 1650–1820, and the 45–60-year oscillation during
1470–1610 are identified. The longest drought event
lasted 6 years from 1528 to 1533, the two-year severe
drought in 1928 and 1929, and two singles of the driest
events in 1900 and 1965 are experienced and centered
in the monsoon northernmost marginal active zone.

The dry-wet variability in western China over the
non-monsoon region and its spatiotemporal structure
during the last 4–5 centuries are examined using 24
climate proxies from sediments, ice cores, historical
documents, and tree rings (Qian and Lin, 2009). Spa-
tial patterns and temporal evolutions of dryness and
wetness are extracted from the proxy data using ro-
tated empirical orthogonal function (REOF) analysis
for the last 4 centuries. The five leading REOF modes
indicated that there are 5 dry-wet variation centers
separated in the non-monsoon region and the monsoon
northernmost marginal active zone in western China.
An out-of-phase relationship for the inter-decadal vari-
ation is observed between the monsoon northernmost

marginal active zone and north Xinjiang, indicating
the interaction between the southerly monsoon flow
and the westerly flow. A particularly long dry spell
is found in the central Tibetan Plateau in the 19th
century. Three regional dry-wet series with annual
resolution in north Xinjiang, the upper Yellow River
valley, and the Hetao area are constructed. Dry-wet
oscillations with periodicities of 16, 50, and 150 years
in north Xinjiang, 50 years in the upper Yellow River
valley, and 70–80 years in the Hetao region are revealed
by wavelet analysis.

5. Summary and discussion

There are many definitions used to divide climate
regions in China. In this paper, we have roughly di-
vided the domain of mainland China into the mon-
soon region in eastern China directly influenced by
southerly monsoon flow, the non-monsoon region from
Xinjiang to the north part of Northeast China influ-
enced by westerly flow, and the monsoon northern-
most marginal active zone from Southwest China to
the Yellow River valley influenced by the variation of
the southerly monsoon flow from year to decade. Dur-
ing the strong (weak) year or decade of the westerly
flow, above-normal (below-normal) precipitation can
be found from Xinjiang to the north part of North
China and the north part of Northeast China. During
the strong (weak) year or decade of the southerly mon-
soon flow, the above-normal (below-normal) precipita-
tion can be observed along the monsoon northernmost
marginal active zone while the below-normal (above-
normal) precipitation occurs in the Yangtze River.

Four features of dry-wet variability for the last
5 centuries exist in China. (1) Dry or wet anoma-
lies are first observed along the monsoon northern-
most marginal active zone and then shift southward or
southeastward to the Yangtze River and South China
at the inter-decadal timescale. (2) Three centers of
dry-wet variations separated in North China, the lower
Yangtze River and South China, are altered from one
century to another. (3) Severe drought events are
easily experienced along the monsoon northernmost
marginal active zone. (4) Five modes of dry-wet varia-
tions with an inter-decadal timescale prevailed in west-
ern China. Besides these identifications, several ques-
tions remain and need to be further investigated.

(1) The recent global warming and dry-wet regime
changes in China. According to the IPCC (2007) re-
port, the global mean surface temperatures have risen
by 0.74◦C±0.18◦C when estimated by a linear trend
over the last 100 years (1906–2005). The rate of warm-
ing over the last 50 years is almost double that over
the last 100 years. The warming trend is continuously
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after the 1970s and the warmest years in the instru-
mental record of global surface temperatures are 1998
and 2005. Accompanied the global warming, some new
dry-wet regimes are documented in recent years. A
uniqueness of the abrupt transition of Southeast China
precipitation from the below normal to above normal
occurred in 1993 (Yao et al., 2008). This transition of
summer precipitation is associated with the enhanced
water supply related to the strengthened monsoon flow
over southeastern China. Contrarily, the monsoon flow
is further weakened widely in North China and along
the Yangtze River for the period 1993–2002 related
to the period 1983–1992. Since the year 1998, the
increasing trend of summer precipitation is still ob-
served in the Huaihe River basin while a decreasing
trend is found along the Yangtze River valley (Qian et
al., 2009). The question is whether there is a closed re-
lationship between the steady global warming and the
persistent weakening of the southerly monsoon flow
in East Asia, as well as how many regions of dry-wet
variability should be divided in China.

(2) Wave train and weather wave. The decadal
precipitation anomalies regionally mentioned in this
paper are explained by the wave train from year to
decade time scales. The results show that the mid
to lower reaches of the Yangtze River and the Huaihe
River basins during the flood years are characterized
by the monsoon stream propagating northward (Ju et
al., 2007). For the last two decades of the 20th century,
high-frequency troughs of the wave train occurred in
the Yangtze River valley and Northeast China, while
high-frequency ridges prevailed in the south coast of
China and North China. The locations of the trough
formed a wet climate while the ridge caused a dry cli-
mate. These distributions are opposite in phase before
and after 1979. The wave trains described are from an
interval mean, such as years or decades from a climate
manner. Actually, the frequency of weather waves
should be responsive to these wave trains and their
regional alternations. Monsoon stream and extra-
tropical cyclones are weather waves. An attempt is
to extract weather waves separated from southerly-
westerly flows and investigate the contribution of these
weather waves to the wave trains.

(3) Complex interaction between monsoon and
westerly flows in Northeast China. In East China, ap-
proximately east of 110◦E, the rainfall gradually ex-
tends northward with the season and is influenced by
southeasterly monsoon flow coming from the South
China Sea and the tropical west Pacific. Along the
longitude of the East China Sea, the southerly mon-
soon rainfall is mixed with the westerly precipitation
in the Northeast China region in July so that there is
not an arid zone in Northeast China. The inter-annual

and inter-decadal variability of the monsoon northern-
most marginal active zone in Northwest China and
North China has been studied in recent years, while
the interaction between the westerly precipitation and
monsoon rainfall in Northeast China is more complex
and has not been investigated.

(4) Integrated multi-proxy analysis in all of China.
We have collected historical documents distributed
widely in the monsoon region for hundreds of years and
natural climate proxies constructed individually in the
non-monsoon region while two types of climate prox-
ies existed over the monsoon northernmost marginal
active zone. The long-term dry-wet series covering a
large area are useful to understand climate change in
China. By using natural proxies in western China and
documental records in eastern China, an integrated
multi-proxy analysis of dry-wet variability in the whole
country should be attempted, to achieve more compre-
hensive insight at a larger spatiotemporal scale.
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