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ABSTRACT

Projected changes in summer precipitation characteristics in China during the 21st century are assessed
using the monthly precipitation outputs of the ensemble of three “best” models under the Special Report on
Emissions Scenarios (SRES) A1B, A2, and B1 scenarios. The excellent reproducibility of the models both
in spatial and temporal patterns for the precipitation in China makes the projected summer precipitation
change more believable for the future 100 years. All the three scenarios experiments indicate a consistent
enhancement of summer precipitation in China in the 21st century. However, the projected summer precip-
itation in China demonstrates large variability between sub-regions. The projected increase in precipitation
in South China is significant and persistent, as well as in North China. Meanwhile, in the early period of the
21st century, the region of Northeast China is projected to be much drier than the present. But, this situ-
ation changes and the precipitation intensifies later, with a precipitation anomaly increase of 12.4%-20.4%
at the end of the 21st century. The region of the Xinjiang Province probably undergoes a drying trend in
the future 100 years, and is projected to decrease by 1.7%-3.6% at the end of the 21st century. There is
no significant long-term change of the projected summer precipitation in the lower reaches of the Yangtze
River valley. A high level of agreement of the ensemble of the regional precipitation change in some parts
of China is found across scenarios but smaller changes are projected for the Bl scenario and slightly larger
changes for the A2 scenario.
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Introduction (Wang, 2001; Wang, 2002; Guo et al., 2003).

The climate in China is characterized by a large
variability in space and time because of the complex
topography, with the Tibetan Plateau to the west and
various mountain chains in the northern and central
regions. Agriculture and human lives are substantially
sensitive to climate change, especially precipitation in
the summer.

Significant climatic changes have been observed
over China in the late decades of the 20th century.
Several studies have indicated that the Asian sum-
mer monsoon has become weaker since the late 1970s

connection with this change, summer precipitation
increased over the lower and middle reaches of the
Yangtze River valley, while it decreased over the lower
reaches of the Yellow River and the Huaihe River
(Gong and Ho, 2002; Hu et al., 2003; Yu and Zhou,
2007; Ding et al., 2008). Meanwhile, increasing pre-
cipitation has been found over Northwest China in the
late 1980s, causing frequent floods (Shi et al., 2003).
The region of North China, however, has experienced
severe droughts since the late 1970s (Lu, 2003; Wei et
al., 2003). These changes have resulted in numerous
losses of life and have badly influenced the economic
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development of the country.

How long these changes may persist with the con-
tinuing global climate change has aroused broad inter-
est not only in the climate research community (Wang
et al., 1992; Xu et al., 2003; Kripalani et al., 2007),
but also among the public and decision makers (Ding
et al., 2006). Although much effort has been directed
toward investigating the evolution of precipitation in
future years, no consensus has been reached yet in the
previous studies. For example, some studies indicate
that the precipitation in China will significantly in-
tensify in the next several decades (Bueh, 2003; Min
et al., 2006), while other studies present no obvious
changes (Jiang et al., 2004a; Jiang et al., 2004b), or a
significant decrease (Gao et al., 2008; Li, 2008). This
discrepancy indicates that this issue is far from being
understood and deserves to be studied further.

Projections of climatic changes for the 21st cen-
tury due to anthropogenic forcing are of critical impor-
tance for the assessment of climate change impacts on
humans and natural systems. Because the long-term
instrumental records are not available, it is difficult
to project future climate trends based only on obser-
vations (Li, 2008). The coupled Atmosphere-Ocean
General Circulation Models” (AOGCMs) simulations
under the Intergovernmental Panel on Climate Change
(IPCC) scenarios are an exclusive tool for projecting
the future climate. Many studies are devoted to the
temperature projections in China through the simu-
lations provided by the IPCC and an agreement has
been reached that the magnitude of temperature at
the end of the 21st century will increase by 1.9°C to
5.5°C (e.g., Zhao et al., 2007). Concurrently, some re-
searches focus on the precipitation projections using
the latest generation of coupled climate system mod-
els (Cook and Vizy, 2006; Sun et al., 2007). However,
such projections based on the coupled AOGCMs are
characterized by large uncertainty, especially for pre-
cipitation. This uncertainty stems from a hierarchy of
sources (IPCC, 2001): internal climate variability, the
response of a climate model to a given forcing, emis-
sions scenarios, and observations. Fortunately, there
are some works that focus on the reduction of these
uncertainties. The multi model ensemble (MME) ap-
proach has been widely applied as one effort to re-
duce the uncertainty from the internal variability and
inter-model difference (Gillett et al., 2002). Another
fundamental criterion for increasing the confidence in
simulated regional climatic changes is the agreement of
simulations across models, especially when this agree-
ment is maintained under different forcing scenarios
(Giorgi et al., 2001). In this paper, the “best” mod-
els that can well reproduce the current state of re-
gional precipitation in China are extracted from the
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IPCC models. We will focus on the multi model aver-
aged changes based on the MME method and analyze
three IPCC emission scenarios, A1B, A2 and BI, to
project the summer (June—July—August) precipitation
variability in China for the future 100 years; of these,
B1 is close to the lower end of the IPCC scenario range,
A2 is close to the upper end, and A1B lies towards the
middle of the range.

2. Data and methodology

The monthly precipitation data of 160 meteorolog-
ical stations in China for the period from 1951 to 2004
are employed in this paper. The data were collected
and edited by the China Meteorological Administra-
tion (CMA), and have been subject to quality control
procedures of the Climate Data Center of the National
Meteorological Center of CMA. The data were rela-
tively homogeneously distributed, especially in eastern
China. The gridded global monthly precipitation for
the simulations is obtained from the Program for Cli-
mate Model Diagnosis and Intercomparison (PCMDI).
All the experiments include monthly data for 1951—
2000 and 2001-2100 for the three scenarios. Because
the models utilize different horizontal grids, for inter-
comparison purposes, we interpolate the model data
onto a common global 2.5 degree grid.

The aim of these simulations of the IPCC models is
to assess the ability of AOGCMs to make projections
of future climate change. Hence, the mean climate
states in spatial and temporal patterns of a model need
to be compared against observations. The 20th Cen-
tury Climate in Coupled Models (experiment acronym
“20c3m”) runs is available in the IPCC Fourth As-
sessment Report (AR4) archives and the data are em-
ployed to define the mean climate states of the mod-
els. Hence, in this study we propose to first analyze
the coupled model outputs under the “20c3m” runs
and compare them with observational data for period
1980-1999 to find out the “best” models that can well
reproduce the current states of regional precipitation
that are in space and time in China. Then, a new
method named Taylor Diagram is employed. This dia-
gram can provide a concise statistical summary of how
well patterns match each other in terms of their spatial
correlation, their root-mean-square (RMS) difference,
and the ratio of their variances (Taylor, 2001). Fig-
ure 1 presents the spatial results of 19 coupled model
outputs under the “20c3m” runs referring to the ob-
servational data. The climatic mean precipitation is
estimated from 1980-1999. Each capital letter repre-
sents one model and the RMS difference and standard
deviation of each model have been normalized by the
standard deviation of the observation field, so the
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Fig. 1. Diagram for displaying the spatial pattern statis-
tics of the IPCC models under the “20c3m” runs re-
ferring to the observational data. Each capital letter
in the diagram represents one model and the obser-
vation point is labeled by a “reference”. The RMS
difference and standard deviation of each model have
been normalized by the standard deviation of the ob-
servation filed. The radial distance from the origin
is proportional to the standard deviation of a pat-
tern. The centered RMS difference between the model
and observation is proportional to their distance apart
(in the same units as the standard deviation). The
correlation between the model and the observational
field is given by the azimuthal position of the model
field referring to the origin point. B: BCCR-BCM2.0,
C: CCCMA-CGCM3.1, D: CNRM-CM3, E: CSIRO-
MK3.0, F: CSIRO-MK3.5, G: GFDL-CM2.0, H: GFDL-
CM2.1, I. GISS-ER, J: TAP-FGOALSgl.0, K: INM-
CM3.0, L: IPSL-CM4, M: MIROC3.2-medres, N: MIUB-
ECHO-G, O: MPI-ECHAMS5, P: MRI-CGCM2.3.2a, Q:
NCAR-CCSM3, R: NCAR-PCM1, S: UKMO-HadCM3,
T: UKMO-HadGEM1.

standard deviation of the observation is 1 unit. The
radial distance from the origin to the model is pro-
portional to the pattern standard deviation, and the
azimuthal position gives the correlation coefficient be-
tween the model and the observational field. Some
studies indicate that the acceptable performances of
climate models in reproducing the current state of
the regional climate are the basis for developing credi-
ble geographical distributions of future climate change
through TPCC scenario simulations (e.g., Kimoto,
2005). Thus, the models with a spatial correlation
coefficient larger than 0.7 are selected, which results
in 12 models remained (D, E, F, G, H, K, M, N, O, Q,
S, and T). However, note that the standard deviation
of model T is much larger than the other remaining
models when compared with the observational field,
indicating larger variability of the pattern than the
others. Moreover, the RMS error of model T over
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China is the largest among the 12 models, suggest-
ing larger bias for the model T against the observa-
tions. Thus, model T is eliminated and not considered
in this paper. So, there are 11 models that can well
reproduce the mean climate state of regional precip-
itation in China from the spatial pattern. Further,
the change trends of precipitation in 1980-1999 of the
19 coupled models under the “20c3m” runs are com-
pared against the observations. This temporal result
is shown in Fig. 2. It is noted that large differences
exist among the models and only five (F, M, N, P, and
S) have the capability to reproduce the linear trends
of precipitation in China, which exceed the confidence
level of 95%. However, models P and N should not
be considered because of their larger variability than
the others when compared with the observed trend.
Finally, only three models (F, M, and S) that have ex-
cellent reproducibility of the regional precipitation in
China both in the spatial and temporal patterns are
used in this paper. The corresponding coupled mod-
els are CSTRO MK3.5 (Australia), MIROC3.2 medres
(Japan), and UKMO HadCM3 (UK), respectively. In
the following, we use the capital letters (F, M, and S)
to substitute the corresponding models when referred.

The MME method will be used for estimating the
ensemble results of the three “best” models and it is
necessary to point out that, for the present analysis
we only take a simple multiple model mean and have
not considered the weights among the models. An-
other point is that because of the coarse resolution of
the models, it is difficult to depict the steep gradient
of the Tibetan Plateau and easy to produce artificial
precipitation. Thus, the summer precipitation over the
Tibetan Plateau will not be considered in the following
analysis.

3. Results

3.1 Projected spatial patterns

In order to assess the ability of the models to make
projection of precipitation in spatial pattern, the com-
parisons of the three “best” models and the corre-
sponding ensemble results of the mean climate state
under the “20c3m” runs for the period 1980-1999 first
need to be analyzed against the observational precip-
itation field, and the results are presented by Fig. 3.
The basic precipitation pattern that precipitation de-
creases from south to north in China is well reproduced
by the three models and their spatial correlation coef-
ficients associated with the observations are 0.82, 0.73,
and 0.88, respectively. Furthermore, several centers of
precipitation are also well captured, such as the cen-
ters of the Sichuan basin, South China, and the lower
reaches of Yangtze River valley, especially by model S
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Fig. 2. Same as Fig. 1, but for the temporal pattern of
the precipitation’s change trends.

(Fig. 3d). Also, model F (Fig. 3b) has an excellent
reproducibility of the precipitation in China and the
spatial pattern is detailedly depicted. Because of the
coarse resolution of model M (Fig. 3c), the precipi-
tation distribution is roughly described relative to the
other two models. Furthermore, the intensity of sum-
mer precipitation is underestimated by this model, es-
pecially in the eastern part of China. This is closely
associated with the weaker intensity of the simulated
circulation than the observations, which may restrain
the development of deep convection and be unfavor-
able for the occurrence of precipitation. Another rea-
son may be that the simulated low moisture content
and the related weak moisture transport result in the
underestimate of precipitation in the models (Zhang
et al., 2008). From Fig. 3e, it is found that the ensem-
ble results of the three models also underestimates the
precipitation in the eastern part of China and this is
mainly attributed to the underestimation of model M.
However, the ensemble results can well capture the ba-
sic features of the precipitation distribution in China
and its spatial correlation coefficient is as high as 0.86.
In the following analysis, only the ensemble results are
given.

Using the MME method for the three selected mod-
els, we analyzed the differences, or changes, in the
mean precipitation fields between three 20-year peri-
ods of the 21st century (2010-2029, 2040-2059, and
2080-2099) in the IPCC scenario A1B and the refer-
ence period 1980-1999. The results are explicitly de-
picted by Fig. 4. A prevailing increase of the projected
summer precipitation for the period from 2010-2029
(Fig. 4a) is found along the Yellow River, especially
in the Huaihe River valley. This increased precipita-
tion in the future may be mainly attributable to the
changes in the horizontal transport of the water vapor
flux and its convergence associated with the intensifi-
cation and northward shift of a subtropical high
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Fig. 3. Spatial distribution of the mean climate state of
summer precipitation for the period 1980-1999: (a) ob-
servation, (b) CSIRO MK3.5, (¢) MIROC3.2 medres, (d)
UKMO HadCM3, and (e) the ensemble result of the three
“best” models under the “20c3m” runs. Units: mm d~!.
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Fig. 4. Spatial distribution of the difference of the mean
climate state of the summer precipitation in the IPCC sce-
nario A1B for the time period: (a) 2010-2029, (b) 2040-
2059, and (c) 2080-2099 with the reference period from
1980-1999. Units: mm d ™'

(Kusunoki et al., 2006). The phenomena of the “North
Drought” in China is weakened, because the summer
precipitation in some regions of North China is pro-
jected to increase, but the drought, however, in North-
east China is projected to be exacerbated. Over a re-
gion extending from west to east in the southern por-
tion of China, especially along the Yangtze River val-
ley, summer precipitation experiences a decrease, and
the largest decrease, in excess of 0.6 mm d—!, is found
in the Yunnan Province of China. In the next 20 years,
the persistent moistening in Northwest China starting
from the end of the 1980s is interrupted and the sum-
mer precipitation shifts to a decrease, especially in the
west of the Xinjiang Province.

The precipitation change signal in 2040-2059 (Fig.
4b) shows some similarities but also substantial dif-
ferences compared to the period 2010-2029. The de-
creasing trend of summer precipitation in Northwest
China persists and the scope of the drought areas is
enlarged by the mid-21st century. Meanwhile, the
projected increase in precipitation dominates South
China, whereas this region is not strong in the early
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period of the 21st century. The noticeable trend in
this period is that the increasing precipitation is pro-
jected over the areas along the Yangtze River valley,
except for the lower reaches, where the decrease mag-
nitude is projected to be larger than the early period
of the 21st century. This means that the areas over
the lower reaches of the Yangtze River valley will be-
come much drier. Additionally, it is greatly exciting
to note that the regions of North China and North-
east China are projected to be much wetter than the
present, and the increasing precipitation in most parts
of the region are in excess of 0.6 mm d—'. This change
is critically important and greatly beneficial for the
growth of plants there because of the mitigation of the
“North Drought” in China.

When in the period 2080-2099 (Fig. 4c), the spa-
tial distribution of the differences resembles that in
the period 20402059, and only the magnitudes of the
differences are intensified. By the end period of the
21st century, the projected decrease of precipitation
still dominates the lower reaches of the Yangtze River
valley and the areas of the drying trend are enlarged.
Similarly, the drying trend persists and intensifies in
Northwest China, especially in the west of the Xin-
jiang Province, but fortunately the drying areas are
projected to shrink. The precipitation change over
Asia between 1980-1999 and 2080-2099, averaged over
21 models, also shows similar results in this region
(IPCC, 2007). Additionally, the IPCC AR4 results in-
dicate that the precipitation by the end of the 21st
century over the regions of North China and North-
east China are projected to increase by about 10%
compared to that in 1980-1999 under the IPCC Al1B
scenario (IPCC, 2007). This result is greatly well re-
flected by the ensemble of the three models, and the
amplitude of the increasing center exceeds 1.0 mm d !
in this region.

The spatial patterns of the projected summer pre-
cipitation in China for the experiments under the
IPCC scenarios A2 and Bl are also analyzed in this
study (figures omitted). In the early period of the
21st century, the opposite features (increased precip-
itation) are predominating over the middle reach of
the Yangtze River, concurrent with the projected de-
creasing precipitation along the Yellow River for both
the A2 and B1 scenarios when compared against sce-
nario A1B. Except for this, the patterns of change in
precipitation for the future 100 years are similar to sce-
nario A1B, but with smaller changes in B1 and larger
changes in A2.

Based on the above analysis, it is clear that the
changes of the projected summer precipitation in
China are inhomogeneous across the whole country
and the detailed variability of sub-regions should be
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further studied. Hence, five representative areas are
selected and the evolutions of summer precipitation in
the 21st century are investigated in subsection 3.2.

3.2 Projected temporal patterns

Because of the complex topography, the changes
of projected summer precipitation in China are
not homogeneous across the country, and the pre-
cipitation projections demonstrate large variability
between sub-regions and should be further ana-
lyzed, respectively. Hence, five representative areas
(Yangtze River: 27.5°-32.5°N, 112.5°-120°E; North
China: 35°-42.5°N, 110°-120°E; Northeast China:
40°—47.5°N, 120°-130°E; South China: 22.5°-25°N,
107.5°-117.5°E; Xinjiang: 40°-47.5°N, 80°-90°E) in
China are selected and have been labeled by rectangu-
lar boxes in Fig. 3e. The reason of the area selection is
that the climate changes, especially the precipitation
changes in the future, are critically important for these
regions’ society and economic developments because
of the high-populations and the concentrated indus-
tries there. Moreover, the coastal areas, such as South
China, are at the greatest risk of flooding. Because
of this, thousands of people lost their houses, even
their lives. Hence, the projections of precipitation in
these regions are greatly necessary and hopefully will
provide some highly confident suggestions for the lo-
cal governments trying to mitigate the possible effects.
In order to examine the changing trends of projected
summer precipitation in the different regions, the lin-
ear fitting method is employed in the following analy-
sis.

In order to assess the ability of the models to make
projections of precipitation variability for each sub-
region in time, the intercomparison of their change
trends between the experiments under the “20c3m”
runs and the observations from 1980-1999 is proposed
to be analyzed firstly. Then, the projected summer
precipitation evolutions of each sub-region under the
IPPC A1B scenario for the future 100 years are pre-
sented. Figure 5 shows the estimation of the model’s
ability to make projections of precipitation for the five
sub-regions in China and the corresponding projected
summer precipitation evolutions under the SRES A1B
scenario are depicted by Fig. 6. There is a common
feature over these sub-regions that the climatic mean
values and the variability of precipitation are under-
estimated by the models under the “20c3m” runs, ex-
cept for the region of Xinjiang. The projected change
in time of summer precipitation for each sub-region is
listed as follows.

The summer precipitation in North China (Fig.
5a) undergoes a slight increase since the late 1970s but
this wet trend is not well reproduced by the three mod-
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els. But, it should be pointed out that the wet trend
from the observations is mainly attributed to the year
1996 and as a whole, this region has been experienc-
ing a severe drought since the late 1970s. The moist
year around 1996 is well simulated by model F, thus
the slight wet trend is reproduced by this model, al-
though much weaker than the observations. Model M
is the worst among the three models in this region and
it reflects opposite features against the observations.
Concurrently, no evident change can be found from
model S, despite the well reproducibility of the moist
year around 1996. Thus, the slight increasing trend in
the observations also cannot be well reproduced by the
ensemble results in this region. However, the projected
summer precipitation (Fig. 6) experiences a significant
increase in the future 100 years, with a precipitation
anomaly increase of 16.3% by the end of the 21st cen-
tury (all the increments are relative to the reference
period 1980-1999). Although the three models have
weak ability to simulate the change trend under the
“20c3m” runs in this region, the projected increasing
result is similar to the IPCC (2007).

The region of Northeast China (Fig. 5b) is dom-
inated by a slightly wet trend from the observations
at the end of the 20th century. This feature is well
captured by the three models and the ensemble re-
sults, though the precipitation is underestimated. This
excellent reproducibility of precipitation in Northeast
China makes the coupled models much more believable
in projecting the future precipitation there. In this
region, the projected significant wet trend is predomi-
nated and the ensemble results of the models projects
a 13.7% increase in summer precipitation by the end
of 21st century.

The area of South China (Fig. 5c) has the largest
mean precipitation among these five regions and it ex-
periences a significant increasing trend, especially after
1990. The mean precipitation from 1980-1999 in this
region is underestimated but it is of great interest to
note that the interannual variability of summer precip-
itation is well reproduced by models F and M, concur-
rent with the significant wet trend. Whereas, model S
has overestimated the mean precipitation but the lin-
ear trend is well captured. Obviously, the ensemble of
the three models has an excellent capability to repro-
duce the main features of precipitation in this region,
and that makes it much more believable to project the
future climate change. Under the SRES A1B scenario,
the area-averaged summer precipitation is projected to
increase by 8.3% by the end of the 21st century, with
the linear trend of 0.73 mm d=* (100 yr)~! in the 21st
century.

In the late 1980s, an abrupt climate change from
warm-dry to warm-wet is predominated in the Xin-
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Fig. 5. The time series of precipitation of the three “best” models and the ensemble result
under the “20c3m” runs are compared against the observation for the period of 1980-1999
for the five sub-regions in China. (a) North China, (b) Northeast China, (c) South China,
(d) Xinjiang Province, and (e) the lower reaches of the Yangtze River. The observation
is represented by the solid line and the dashed line denotes the result of the model or the
ensemble. The corresponding linear trends of each model and observation are given to assess
the ability of the model to make a projection of future precipitation in time.
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Fig. 6. The time series of the projected summer precipi-
tation for the period of 2001-2100 under the SRES A1B
scenario in the five sub-regions of China. Their corre-
sponding linear trends are also shown. Units: mm d~!.

jlang Province (Fig. 5d). This main feature in the
last decades of the 20th century is well captured by
model M, despite of the overestimation of the mean
precipitation. However, it is not well described by F
and S. Fortunately, the wet trend is reproduced by
the ensemble results, although it is much weaker than
the observations. From the projections, we can find
that the region of the Xinjiang Province will undergo
a slight drying trend in the future 100 years, with a
precipitation anomaly decrease of 3.6% at the end of
the 21st century. But large uncertainty exists in the
projection of precipitation because of the difficulty of
the coarse resolution of the AOGCMs to depict the
complex topography in the Xinjiang Province and its
future climate should be further studied.

A significant increase of summer precipitation in
the lower reaches of the Yangtze River valley has been
found from the observations filed, shown in Fig. b5e,
but it is not well validated by model S, with a slight
drying trend. However, although this wet trend is well
characterized by models F and M, the ensemble results
of the three models are not matched very well with the
observations and it presents no obvious changes in the
last decades of the 20th century. This weak repro-
ducibility is mainly connected to the underestimation
of precipitation by the models, which may be asso-
ciated with the weaker simulation of the sub-tropical
high and the limited capability to depict the deep con-
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vection, which is one of the most important systems
that have a large contribution to the summer precipi-
tation in the lower reaches of the Yangtze River valley.
Hence, using the simulations of the regional climate
models with a high horizontal resolution must be bet-
ter for projecting future precipitation, and is needed
to be further studied. Although the reproducibility
of precipitation in this region is not well, the evolu-
tion of projected summer precipitation from the en-
semble of the three “best” models is still discussed
here. There is no long-term change trend projected
in the lower reaches of the Yangtze River, with a pre-
cipitation anomaly decrease of 0.52% by the end of
the 21st century. These results are consistent with the
analysis in subsection 3.1.

Similar features are documented by the experi-
ments of scenarios A2 and B1 (figures omitted). There
are no significant changes of the projected summer pre-
cipitation varying from scenario to scenario, though
these scenarios are derived from different estimates
of future population, economic, and technological de-
velopment. Both the A2 and Bl experiments indi-
cate a consistent enhancement of summer precipita-
tion in North China (13.9%-17.1%), Northeast China
(12.4%-20.4%), and South China (~14%) at the end
of the 21st century. Although there are wet trends
of precipitation in the lower reaches of the Yangtze
River for both scenarios A2 and B1, they are still less
significant. Similarly, the projected precipitation in
the Xinjiang region becomes less with the reduction of
1.7%-3.1%, indicative of a much drier pattern by the
end of the 21st century.

4. Conclusions

In this study, the three “best” models that can well
reproduce the mean climate state in space and time
of a region of precipitation in China are selected and
all the analyses are based on the ensemble of them.
The ensemble results of the models from the spatial
patterns can well reproduce the basic precipitation
patterns, that precipitation decreases from Southeast
China to Northwest China and it also well captures
the main precipitation centers in China. The spatial
correlation coefficient with the observation field is as
high as 0.86. Moreover, the selected models can well
reproduce the change trends of precipitation in some
regions of China. These excellent reproducibilities of
summer precipitation make it much more believable to
project the future precipitation in China.

The projected spatial patterns of precipitation un-
der three IPCC emissions scenarios (scenarios A1B,
A2, and B1) for three 20-year periods in the future
are analyzed in this study. Synthesizing all scenarios,
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the results show that there is a large variability of the
projected precipitation varying from region to region
in China. All the three scenarios experiments indi-
cate a consistent enhancement of summer precipitation
in North China, Northeast China, and South China
in the 21st century, although the region of Northeast
China becomes much drier in the early period of the
21st century than the present. These results are excit-
ing because of the mitigation of the “North Drought”
in China and it is beneficial for the economic devel-
opment there. However, over the lower reaches of the
Yangtze River valley, the summer precipitation is pro-
jected to slightly decrease in the early period of the
21st century and the amplitude of the precipitation
decrease, increases with the time stepping. Concur-
rently, most of the regions in Northwest China, espe-
cially in the Xinjiang Province, are projected to be a
drought in the future 100 years (IPCC, 2007).

Although the latest generation of coupled model
systems cannot well capture the interannual variabil-
ity of precipitation, the linear trends for some regions
in China can be well reproduced. The projected re-
sults in some parts of China are substantially similar
among the three IPCC scenarios but smaller changes
are projected for the B1 scenario and larger changes for
the A2 scenario. The precipitation projection in the
regions of Northeast China and South China are more
believable and they are projected to increase in the fu-
ture 100 years, with a precipitation anomaly increase
of 12.4%-20.4% and 8.3%—14%, respectively. As noted
before, the region of Northeast China is projected to be
much drier in the early period of the 21st century than
the present but it shifts to an increase in precipitation
around the 2040s. The projected summer precipita-
tion in the lower reaches of the Yangtze River valley
has no evident change in the future. It is needed to be
further studied because of the weak reproducibility of
historical precipitation there. Although the wet trend
in North China is not well captured by the models, the
projected increasing result is similar with the IPCC
work (2007). Similarly, the signal of abrupt change of
precipitation in Xinjiang in the late 1980s cannot be
captured by the ensemble of the three “best” models
but the linear trend is reproduced. The models project
a drying trend there and a 1.7%—-3.6% decrease in the
summer mean precipitation by the end of the 21st cen-
tury.

The MME method has been used in this study
and the ensemble results of the three “best” mod-
els under the “20c3m” runs can well capture the ob-
served precipitation variability in China. This excel-
lent reproducibility of historical precipitation from the
AOGCMs argues that the projected future precipita-
tion is believable, implying that the present results
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may be robust. But large uncertainty still exists in
the projection of precipitation, and further studies are
needed. Furthermore, the coarse resolution of the
AOGCMs is difficult to depict the complex topogra-
phy in western China, especially the steep gradient of
the Tibetan Plateau, where the precipitation should be
further analyzed by the regional climate models with
a higher horizontal resolution.
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