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1.  INTRODUCTION

Recent decades have shown significant changes in

observed precipitation over eastern China (one of the

most populated areas of the world) known as the

‘southern flood and northern drought’. This term de -

scribes an observed decrease of precipitation over

North China and an increase over South China during

the last decades (Wang 2001, Zhai et al. 2005, Zhou et

al. 2008, 2009). South China, usually defined as the

area south of the Yangtze River Basin (see Fig. 1c), is

generally wet, with annual mean precipitation rang-

ing from 1000 to >1500 mm. The observed in crease in

precipitation there is mostly associated with an in-

crease of high-intensity precipitation events resulting

in more frequent flood episodes (Zhai et al. 2005).
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Mean while, North China (north of the Huai River,

which is located half way between the Yangtze and

Yellow Rivers) is the transition zone from the humid

climate of South China to the semi-arid climate of

 Inner-Mongolia, with annual precipitation decreasing

from 800 to <400 mm. This is a region susceptible to

drought, and the decrease in precipitation observed

during the past decades has led to a worsening of these

drought conditions. The possible persistence/ intensifi -

ca tion or the reverse of this ‘southern flood and north-

ern drought’ pattern under global warming is a hot

topic in China, and it is critical for the assessment of

potential climate change impacts and the  selection of

corresponding adaptation measures in the country.

Monsoon precipitation (occurring mainly from May

to September, MJJAS) accounts for 60−85% of the an-

nual total precipitation over China. As the primary

tool used for climate change projections, most of the

atmospheric−ocean coupled general circulation mod-

els (AOGCMs) project a broad increase of monsoon

precipitation over China (e.g. Giorgi et al. 2001, Giorgi

& Bi 2005, Christensen et al. 2007, Xu et al. 2009a).

However, due to their coarse resolution, AOGCMs

tend to exhibit a poor performance in de scribing the

present-day monsoon climate of the re gion (e.g. Zhou

& Li 2002, Xu et al. 2010). Previous studies have

shown that regional climate models (RCMs) can im-

prove the simulation of East Asia monsoon climate

(e.g. Gao et al. 2001, 2006, Yu et al. 2010). Further-

more, when used for climate change projections,

RCMs not only can introduce finer scale topographi-

cally induced structures in the climate change signal,

but can also simulate some significantly different re-

gional scale patterns of change compared to the dri-

ving GCMs (e.g. Hirakuchi & Giorgi 1995, Kato et al.

2001, Gao et al. 2008).

Gao et al. (2008) reported a high-resolution (20 km

grid spacing) multi-decadal RCM simulation over

East Asia driven by the NASA/NCAR FvGCM global

model run at 1° × 1.25° (latitude−longitude) resolu-

tion. They analyzed monsoon precipitation (MJJAS)

changes and found that, while the driving GCM simu-

lated a predominant increase of precipitation over

East Asia in agreement with most other GCMs, the

nested RCM showed extended areas of decrease over

the region. The causes of these differences were ex-

plained in terms of the different topographical for -

cings on circulation and moisture flux in the 2 models.

A similar decrease of precipitation was also projected

by some high-resolution GCM simulations, for ex -

ample the atmospheric GCM time slice experiments

(1980−  2000, 2080−2100) conducted with the T319

(~40 km) version of ECHAM5 by Feng et al. (2011).

Recently, a new set of climate change experiments

for the period 1951−2100 at 25 km grid spacing were

completed with the same RCM used in Gao et al.

(2008) but driven by a different GCM, the CCSR/

NIES/ FRCGC MIROC3.2_hires (K-1 Model Develop-

ers 2004). This allows a comparison with the results

of Gao et al. (2008) which might yield relevant indi-

cations on the uncertainties related to monsoon pre-

cipitation projections over East Asia. In the current

paper we thus present an analysis of projected

changes in MJJAS precipitation for this new regional

climate change experiment and compare it with pre-

vious analogous projections, focusing on mean cli-

mate changes and on differences between the RCM

and driving GCM signals.

The paper is organized as follows. A short descrip-

tion of the model and simulation design is provided

in Section 2. This is followed by a basic validation of

the model performance in Section 3. The projected

changes by the driving GCM and nested RCM are

then compared and discussed in Section 4, and Sec-

tion 5 presents our summary and conclusions.

2.  MODEL AND SIMULATIONS

The RCM employed in our simulations, as well as

in those of Gao et al. (2008), is the Abdus Salam Inter-

national Centre for Theoretical Physics (ICTP)

RegCM Version 3. It is based on the model of Giorgi

et al. (1993a,b) with the upgrades described by Pal et

al. (2007). In Gao et al. (2008), RegCM3 was driven

by the climate change experiments conducted by

Coppola et al. (2005) using the NASA/NCAR global

model FvGCM/CCM3 (simulation hereafter referred

to as FdR). Two time slices at 20 km grid spacing

were conducted in FdR, 1961−1990 for present-day

and 2071−2100 for future climate (plus 2 yr of spin-up

time for each period) both under the IPCC SRES A2

emission scenario (IPCC 2000). More details on FdR

can be found in Gao et al. (2008).

In the present simulations, RegCM3 is driven at the

lateral boundaries by the AOGCM of CCSR/ NIES/

FRCGC MIROC3.2_hires (hereafter referred to as

MIROC; K-1 Model Developers 2004) and is run at

25 km grid spacing (simulation hereafter referred to

as MdR). The MIROC was selected among the

CMIP3 (Phase 3 of the Coupled Model Intercompari-

son Project) models because of its high resolution

(T106, equivalent to ~125 km), its good performance

in reproducing present-day climatology over China

(Xu et al. 2007) and the availability of 6-hourly data

to drive the RegCM3. MIROC had been used by
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Lenderink & van Meijgaard (2010) to drive a differ-

ent RCM over Europe. The simulation period of MdR

is 1951−2100 plus 3 yr of spin-up time, with observed

CO2 concentrations before and SRES A1B scenario

concentrations (IPCC 2000) after 2000. The MIROC is

at the high end of the CMIP3 models in terms of cli-

mate sensitivity (Randall et al. 2007); therefore, FdR

and MdR can be roughly compared to each other

even though MdR is using a scenario with lower CO2

concentrations. Note that FdR and MdR are the only

2 multi-decadal ~20−25 km resolution RCM climate

change simulations that have been completed over

East Asia so far.

The RegCM3 uses the same model configuration in

the 2 studies, except for the slight difference in reso-

lution (20 vs. 25 km). The model physics includes sur-

face processes carried out with the biosphere−atmo -

sphere transfer scheme (BATS; Dickinson et al. 1993),

planetary boundary layer computations employing

the non-local formulation of Holtslag et al. (1990),

resolvable scale precipitation represented via the

scheme of Pal et al. (2000), convective precipitation

represented using the mass flux scheme of Grell

(1993), and the atmospheric radiative transfer com-

puted using the radiation package from the NCAR

community climate model CCM3 (Kiehl et al. 1996).

The RegCM3 also uses a similar domain in FdR and

MdR which encompasses all of continental China

and its adjacent areas. The topographical fields of

FvGCM, MIROC, and RegCM3 in MdR are pre-

sented in Fig. 1a−c, respectively. The better defini-

tion of topography and coastlines in MdR compared

to the 2 GCMs is evident from these figures.

From the simulation of a total of 150 yr, the com-

mon periods of 1961−1990 for present-day and 2071−

2100 for future conditions are selected for analysis, in

order to facilitate the comparison of the 2 simulations.

The temperature observation dataset developed by

Xu et al. (2009b) and the precipitation dataset by Xie

et al. (2007), along with the CRU dataset (Mitchell &

Jones 2005) used when the former did not have avail-

able data (outside China for temperature, and out-

side China before 1978 and west of 65.25° E for

 precipitation), are employed to validate model per-

formance. All the datasets have a resolution of 0.5°

latitude by 0.5° longitude.

To facilitate the comparisons across datasets, the

FvGCM, MIROC and FdR outputs, as well as the

observational data, are interpolated bilinearly to the

MdR grids. However, all datasets are kept at their

original spatial resolution in order to identify possible

added value by the increased horizontal resolution of

the RCMs.
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3.  VALIDATION OF PRESENT-DAY

 SIMULATIONS

3.1.  Mean surface air temperature

Firstly, we validate the simulated (both global mod-

els and RegCM3) mean temperature during the mon-

soon season (MJJAS) against the observations for the

period 1961−1990 (Fig. 2a−e).

Interestingly, FvGCM and MIROC have tempera-

ture biases with more-or-less opposite patterns

(Fig. 2b,d). In the former, the dominant bias is nega-

tive, except for the Tibetan Plateau region, while in

the latter we find a dominant warm bias, except over

Tibet. In both models, the magnitude of the bias va ries

in the range of −5 to 5°C, with large areas where the

bias is between −2 and 2°C. The RegCM inherits

some of these biases, but also shows different patterns

from the driving GCMs. For example, the large warm

bias in MdR over the northwestern areas of the do-

main is clearly inherited from the MIROC run. Simi-

larly, the cold bias over the Indian and Indochina

Peninsulas in FdR is seemingly inherited from, and in

fact even magnified by, the FvGCM. Similarly, the re -

gional model shows biases over the Tibetan Plateau

that are consistent with the driving GCM run. On the

other hand, over extended areas of eastern and north-

ern China, the biases in the regional and driving

global models are quite different. This indicates that,

although the driving GCM has a strong influence on

the bias, particularly in the regions close to the model

boundaries, in the interior of the domain the model in-

ternal processes play a greater role. We also note that,

in general, the magnitude of the bias in the regional

model lies in the same range as in the driving GCMs.

For a more quantitative evaluation of the model

per formance, Table 1 provides values of the spatial

correlation coefficients (CORs) and standard depar-

tures (STDs) between observations and simulations,

and across simulations, for mean temperature, as

done by Zhou & Qian (1995) and Gao et al. (2008).

COR and STD are defined as:

(1)

(2)

where xifd1(xifd2) is the value of field1 (field2) at each

grid point, is the corresponding mean in -

cluding all grid points, and N is the total number of

grid points.

We find that, compared to the driving GCMs, the

regional model shows higher correlation and lower

STD in both simulations, thereby indicating an over-

all improvement in the regional model skill com-

pared to that of the global model. We also find that

the correlation patterns (and STD) between the 2 re -

gional model simulations are higher (lower) than be -

tween the regional and corresponding driving global

models, again an indication that the internal model

processes are important, if not dominant, in deter-

mining the performance of the regional model. On

the other hand, we also find that in general all corre-

lation patterns in Table 1 are high and the STD is

roughly comparable across models and in the range

of 2−3°C.

3.2.  Mean precipitation

Mean monsoon precipitation (MJJAS) in the obser-

vations and model simulations (both global models

and RegCM3) for the period 1961−1990 is presented

in Fig. 3a−e, respectively, while Fig. 4a−d shows the

corresponding biases. Compared to the observations

(Fig. 3a), the main discrepancy found in the FvGCM

simulation (Figs. 3b & 4a) is the high precipitation

center located at the eastern edge of the Tibetan

Plateau (i.e. the area in the red boxes). This is a com-

mon feature of coarse-resolution GCMs (e.g. Xu et al.

2010) and can also be found in the MIROC simula-

tion, although to a lesser extent

(Fig. 3d). It is noted that this bias is

much larger in the coarser resolution

version of the MIROC (MIROC3.2_

medres with a horizontal resolution of

T42, figure not shown for brevity),

illustrating the improvement of mon-

soon simulation by increasing hori-

zontal resolution.

Another discrepancy between the

GCMs and observations is the overes-
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                      Observation      FvGCM        MIROC            FdR             MdR

Observation          −             0.955 / 2.4    0.930 / 3.1    0.972 / 1.8   0.958 / 2.3
FvGCM          0.955 / 2.4             −            0.949 / 3.1    0.944 / 2.4   0.914 / 3.4
MIROC          0.930 / 3.1     0.949 / 3.1            −            0.938 / 2.9   0.948 / 2.6
FdR                 0.972 / 1.8     0.944 / 2.4    0.938 / 2.9            −           0.973 / 2.0
MdR               0.958 / 2.3     0.914 / 3.4    0.948 / 2.6    0.973 / 2.0           −

Table 1. Spatial correlation coefficients (CORs) / standard departures (STDs)

(°C) between observed and simulated surface air temperature, and across the 

model simulations over the model domain
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timation of precipitation along the Himalayas and

over Northeast China (Figs. 3b,d & 4a,c). In addition,

both GCMs underestimate precipitation over Bang -

la desh and Myanmar, but overestimate it in the east-

ern part of the Indochina Peninsula. The 2 GCMs dif-

fer from each other over Southeast China; while the

FvGCM underestimates precipitation there, the

MIROC overestimates it.

Similar to the case of temperature, the precipitation

simulation and bias in the regional model runs ex -

hibit similar and discordant features compared to the

driving GCMs. First, the extent and amount of the

artificial precipitation center around the eastern

edge of the Tibetan Plateau is reduced, particularly

in FdR, thus increasing the agreement with observa-

tions there. Similarly to the GCMs, the RegCM3 runs

show a positive bias over Northeast China and por-

tions of the Tibetan Plateau. Over Southeast China

land areas the FdR shows a prevailing negative pre-

cipitation bias, in agreement with the FvGCM, but

less with the MdR.

It is also interesting to note that, although relatively

large differences can be found between the FvGCM

and MIROC simulations (Fig. 3b,d), the results from

the nested RegCM3 runs show a greater level of con-

sistency, both in the spatial details and magnitude of

the precipitation patterns (Fig. 3c,e). This indicates

that for relatively large domains and for variables
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such as summer precipitation, which are most af -

fected by local processes and how these are de -

scribed in the models, the internal model processes

play an important role in the simulation. This is con-

firmed by the similarity of the model errors in the

present simulations to those found when the model

was driven by reanalysis data using the same model

physical configuration, a similar domain, but a

coarser resolution of 50 km (Zhang et al. 2008). A

similar large effect of internal model physics in simu-

lating summer precipitation was found, for example,

for RCM experiments over Europe (Déqué et al.

2005) and Africa (Mariotti et al. 2011).

As in Table 1, Table 2 shows the CORs and STDs

for precipitation. Based on these metrics, both FdR

and MdR improve the simulation of precipitation

compared to the driving GCMs, again indicating an

added value by the RCMs. The largest value of COR

(0.858) and smallest value of STD (51.1) are found

between FdR and MdR, which shows the importance

of the internal model processes and configuration.

We note that the COR between MIROC and the

observations (0.812) is greater than that of FvGCM

(0.710) and that a larger COR value is found for MdR

(0.864) compared to FdR (0.783). This would indicate

some effects of the quality of the lateral boundary

forcing, although relatively minor. Finally, we also

note that, in general, the values of CORs are rela-

tively high in all cases of Table 2, indicating a gener-

ally good performance in simulating summer mon-

soon precipitation patterns by all models.

4.  COMPARISON OF CLIMATE CHANGE

 SIGNALS

4.1.  Mean surface air temperature

Firstly, changes (2071−2100 minus 1961−1990) in

mean MJJAS temperatures as simulated by the dri-

ving GCMs and nested RegCM3 are presented in

Fig. 5. Substantial warming is found in all model sim-

ulations. The simulated patterns of warming show

some consistency among the models, with generally

greater values at high latitudes and over the land

compared to the oceans. The warming in MIROC and

MdR is greater than in FvGCM and FdR, although

the former pair has a lower emission scenario. As

already mentioned, this is due to the larger climate

sensitivity of MIROC (Randall et al. 2007) and might

be expected to lead to stronger precipitation res -

ponses. Mean temperature increases for FvGCM,

FdR, MIROC and MdR averaged over China are 3.3,

3.3, 4.6 and 4.8°C, respectively.

Differences in the spatial distribution between

RegCM and the driving GCMs are not large, ex -

cept over the Tibetan Plateau and Northeast China

be tween the MIROC and MdR simulations, sug-

gesting a dominant forcing by the GCMs in terms

of temperature change for most of the do main.

Also, we do not find a consistent relationship

between the temperature change signals and the

present-day biases (comparison of Figs. 2 & 5). This

lack of relationship be tween temperature bias and

change signal in climate model projections has also

been noted by Giorgi & Coppola (2010) and indi-

cates that the change signal is determined more by

the model response to the greenhouse gas forcing

than by artificial effects associated with the model

biases.

The differences between MIROC and MdR are

large over the Tibetan Plateau. This may be re lated

to the different feedback effects between the warm-

ing and melting of snow cover due to the associated

reduction in surface albedo (Giorgi et al. 1997). How-

ever, clear identification of the reasons for these dif-

ferent model responses is difficult and may re quire

an analysis of the surface energy budgets in the

model, which is outside the purpose of the present

paper.

Table 3 shows the correlations of warming pat-

terns across models for the whole domain and conti-

nental China. The CORs between the pair FvGCM−

FdR and the pair MIROC−MdR are 0.902 and 0.719

over the model domain, respec-

tively, illustrating the strong forc-

ing by the global models. The

smaller correlation in the latter

pair is due mostly to the contribu-

tion of the Tibetan Plateau (see

Fig. 5), where effects related to

snow melt feedbacks simulated by

the models might influence the

change signals. Smaller correla-

tions of 0.576 are found across the

                      Observation      FvGCM          MIROC             FdR               MdR

Observation           −            0.710 / 71.0    0.812 / 94.7   0.783 / 60.8   0.864 / 50.7

FvGCM         0.710 / 71.0            −             0.812 / 91.6   0.811 / 55.7   0.742 / 68.9

MIROC          0.812 / 94.7    0.812 / 91.6             −            0.730 / 89.2   0.761 / 99.2

FdR                0.783 / 60.8    0.811 / 55.7    0.730 / 89.2            −            0.858 / 51.1

MdR               0.864 / 50.7    0.742 / 68.9    0.761 / 99.2   0.858 / 51.1            −

Table 2. Spatial correlation coefficients (CORs) / standard depatures (STD) (mm)

between observed and simulated  precipitation, and across the model simulations 

over the model domain
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2 global models and of 0.634 between the 2 regional

simulations. Overall, the COR values in the full

domain case are consistent with those limited to the

territory of China.

4.2.  Mean precipitation

Changes in mean precipitation and

700 hPa wind fields in MJJAS are

shown in Fig. 6. A predominant in -

crease of summer monsoon precipita-

tion is observed in both FvGCM and

MIROC simulations over China, con-

sistent with most other CMIP3 models

(e.g. Christensen et al. 2007, Xu et al.

2010). In eastern China, the increase is more pro-

nounced (>25%) over the Huanghuai and Shandong

Peninsula (Fig. 6a,c). As can be observed in the fig-

ures, a greater increase of precipitation is projected
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Fig. 5. Simulated changes (2071–2100 relative to 1961–1990) in mean temperature (°C) for MJJAS by (a) FvGCM, (b) FdR, 

(c) MIROC and (d) MdR

                        FvGCM              MIROC                 FdR                    MdR

FvGCM                −                0.576 / 0.589      0.902 / 0.895       0.587 / 0.592

MIROC       0.576 / 0.589                −               0.579 / 0.620       0.719 / 0.754

FdR              0.902 / 0.895      0.579 / 0.620               −                0.634 / 0.678

MdR            0.587 / 0.592      0.719 / 0.754      0.634 / 0.678                −

Table 3. Spatial correlation coefficients (CORs) of temperature change between 

model simulations (over the model domain/over continental China)
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by both models in North China compared to South

China, indicating that the present pattern of ‘south-

ern flood and northern drought’ is not found in the

GCM climate projections.

Over western China, a larger increase of precipita-

tion is simulated by MIROC, in excess of 50% along

the edges of the western part of the Tibetan Plateau.

A slight decrease of precipitation can be found over

the central plateau in the MIROC simulation and

over the southeastern China coasts in both models.

Note that in both GCMs an increase in south-west-

erly flow occurs over eastern China, especially in

MIROC.

As discussed by Gao et al. (2008), in FvGCM the

general increase of precipitation over China, except

south of the Yangtze River, can be largely attributed

to the westward wind change which brings extra

moisture from the sea in the east (Japan Sea and

Northwest Pacific). This partly applies also over

Northeast and Northwest China in the MIROC simu-

lation. However, as shown in Fig. 6c, the precipita-

tion increase over the Huanghuai and Shandong

Peninsula is mostly caused by the convergence of

moisture brought by southwesterly flow (increased

monsoon flow; Kimoto 2005). While the increased

westerly wind also contributes to the increase of pre-

cipitation over Northwest China, it leads to the larger

increase of precipitation over the edges of the west-

ern Tibetan Plateau.

A region where the 2 GCM simulations show a

substantial difference is the Bay of Bengal, where

FvGCM projects increased westerly flow, while

MIROC simulates increased anti-cyclonic circulation.

This anti-cyclonic circulation causes a decrease of

precipitation over the western Indochina Peninsula

and an increase over the eastern coastal regions of

India. It also contributes to the large precipitation

increase belt along the southern edge of the Tibetan

Plateau. Conversely, FvGCM simulates an increase

in precipitation over the Indochina Peninsula and a

smaller response around the Tibetan Plateau.

Moving to the RegCM simulations, both similarities

and substantial differences can be found between

FdR and the driving FvGCM (Fig. 6a,b). As discussed

by Gao et al. (2008), the differences can be primarily

explained by the stronger topographic forcing and

the resulting circulation changes in RegCM3. For

example, the east-northeast wind change, which

brings extra moisture from the sea in FvGCM over

Northeast China, is located further south and forms a

stronger cyclonic circulation over the Huanghuai and

Shandong Peninsula in FdR. It results in a much nar-

rower band of precipitation increase there, finally

forming a see-saw pattern of precipitation change

over eastern China, ranging from the northeast down

to the southern coasts. On the other hand, the precip-

itation changes over the Indo-China Peninsula and

the northern regions of the domain are similar in the

driving and nested models, likely because of their

proximity to the lateral boundaries.

Comparison between the MIROC and MdR simula-

tions also shows similarities as well as noticeable dif-

ferences (Fig. 6c,d). Both models show the increased

anti-cyclonic circulation over the Bay of Bengal,

leading to increased precipitation over the eastern

India coastal regions. Similarly, the band of increas-

ing precipitation around the Tibetan Plateau occurs

in both the nested and driving models, but it is more

sharply defined in the RegCM due to its higher reso-

lution. In Northeast China, both models show an

increasing anti-cyclonic circulation cell, which is,

however, much more pronounced in the regional

model, causing a more extended area of decreasing

precipitation change than in MIROC.

This large anti-cyclonic circulation change system

in MdR affects regions all the way to the Yangtze

River basin, where the change in low-level wind is in

the opposite direction compared to MIROC. Conse-

quently, little precipitation change is observed over

the Huanghuai and Shandong Peninsula in the MdR

compared to the MIROC simulation. Over South

China, the southwest flow originating from the Bay of

Bengal (increased southwest monsoon) is much

weaker in MdR compared to MIROC due to the

stronger topographic barriers of the east−west ori-

ented Himalayas aligning the flow in a more north-

westerly direction, and, on the other hand, to the

north−south oriented mountains over Southwest

China. In the MdR, strengthened by the anti-cyclonic

system to the north, the moisture convergence center

moves to the south and leads to an increase of precip-

itation south of the Yangtze River. The patterns of

precipitation change appear thus spatially shifted in

the 2 models.

A comparison between the FdR and MdR precipita-

tion change patterns (Fig. 6b,d) shows a small level of

agreement over eastern China, even though the pre-

sent-day precipitation patterns in the 2 models are

similar (see Fig. 3c,e). Concerning the issue of future

changes following a ‘southern flood and northern

drought’ pattern, in North China minor changes or a

slight decrease of precipitation is simulated in the

FdR, while an increase of ~10% is simulated in the

MdR. The precipitation change over South China

shows opposite signs in the 2 simulations, with de -

creasing precipitation in the FdR and increasing in
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the MdR. Thus, the RegCM3 simulations suggest

great uncertainty in the evolution of the ‘southern

flood and northern drought’ pattern under global

warming.

Similar to the case of precipitation, as a quantita-

tive measure of consistency we calculate the correla-

tion coefficients between the precipitation change

patterns in different pairs of models over the model

domain and over continental China (Table 4).

When considering the whole domain, the COR of

FvGCM−FdR (0.480) and MIROC−MdR (0.340) are

largest, as a result of the dominant boundary forcing.

Conversely, when limiting the correlation to conti-

nental China, which is located in the innermost

regions of the domain, the largest correlations are

found between FdR and MdR. As shown in Fig. 6, this

is mostly due to the similar change patterns over

western China, where local topographic effects are

maximum. In other words, while the boundary forc-

ing dominates the overall precipitation patterns,

especially in the outermost regions of the domain,

internal processes dominate in the interior regions.

Fig. 7a,b show the intermodel agreement in simu-

lated precipitation change of magnitudes greater

than ±5% between FvGCM and MIROC and be -

tween FdR and MdR, respectively. The 2 GCMs
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agree in simulating a positive increase over most of

the domain, with the noticeable exception of South-

east China where a small area of decrease is found.

This area of decrease is moved to the south over the

ocean in the regional model runs (Fig. 7b), which also

show a consistent precipitation decrease signal over

western and southwestern China around the Tibetan

Plateau. Therefore, confirming the results of Table 4,

over these areas the greater topographic forcing in

the regional models dominates compared to the

large-scale forcing from the lateral boundaries.

5.  DISCUSSION AND CONCLUSIONS

In the present paper, we compare results from 2

high-resolution RCM climate change simulations

over East Asia in which RegCM3 is driven by 2 differ-

ent GCMs (FvGCM under the A2 scenario and

MIROC under the A1B scenario) and uses the same

configuration, although slightly different horizontal

grid spacing (20 vs. 25 km). The focus

of our analysis is on summer monsoon

precipitation.

As a first broad conclusion, our

study supports previous findings that

model resolution is very important in

the simulation of present-day clima-

tology and in the projection of future

change patterns. For present-day

conditions (1961−1990), the nested

model provides finer scale detail of surface air tem-

perature and precipitation than the driving models,

often im proving agreement with observations, as for

example measured by the correlation coefficients

and STDs between simulated and observed precipi-

tation patterns. Interestingly, for present-day precip-

itation we found a greater agreement between the 2

RCM simulations than between each RCM run and

the corresponding GCM driving model. This implies

that for summer monsoon precipitation the internal

model processes play an important role in determin-

ing the RCM behavior compared to the large-scale

forcing from the lateral boundaries, at least in terms

of present-day climatology.

For future climate conditions (2071−2100 vs. 1961−

1990) both global models produce substantial warm-

ing of comparative magnitude, although based on

different scenarios. In fact MIROC shows a ~1°C

greater warming that FvGCM over our region of inter-

est. The warming patterns simulated by the regional

models essentially follow those of the driving models
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                        FvGCM              MIROC                 FdR                    MdR

FvGCM               −            0.041 / −0.051  0.480 / 0.254    −0.090 / 0.123

MIROC    0.041 / −0.051            −             −0.014 / 0.056    0.340 / 0.122

FdR             0.480 / 0.254    −0.014 / 0.056             −              0.097 / 0.483

MdR           −0.090 / 0.123    0.340 / 0.122    0.097 / 0.483              −

Table 4. Spatial correlation coefficients (CORs) of precipitation change between 

model simulations over the model domain and continental China
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as a result of the lateral boundary forcing. More rele-

vant for the immediate focus of the present paper,

both GCMs simulate a predominant (although not

ubiquitous) increase of monsoon precipitation over

East Asia, which is consistent with the dominant sig-

nal found in the CMIP3 ensemble (Giorgi & Bi 2005,

Christensen et al. 2007). On the other hand, the spa-

tial structure of the projected precipitation change

patterns differs across the 2 GCMs, with areas of

maximum and minimum increase, or even decrease,

occurring in different sub-regions of East Asia.

In our experiments, the use of the high-resolution

regional model tends to amplify regional differences

across the projections. In general, the regional model

tends to produce a less ubiquitous increase of precip-

itation across East Asia and a more balanced distrib-

ution of regions with precipitation increases and de -

creases. A projected increase of precipitation over

Northwest China and decrease over the western

Tibetan Plateau and Southwest China is found in

both RegCM3 simulations, even though the global

models show different change patterns there, and

this result would be in agreement with observed

trends in the past few decades (Shi et al. 2002, Gao et

al. 2008). It should be noted that this pattern of

change was also simulated by Feng et al. (2011)

using a high-resolution atmospheric GCM (T319 ver-

sion of ECHAM5).

Greater uncertainty is found over eastern China,

where monsoon climate dominates. The 2 GCMs em -

ployed in the study project a weakening or reversal

of the so-called ‘southern flood and northern

drought’ pattern, and the RegCM3 simulations show

even more contrasting results. Therefore, the sug-

gestion of this ‘southern flood and northern drought’

pattern being associated with global warming re -

mains to be further investigated in future studies.

An important aspect of our results is that the precip-

itation changes projected by RegCM3 and the driving

GCM show similarities (e.g. over the Bay of Bengal

and the Indochina Peninsula), but also substantial dif-

ferences, particularly on the Tibetan Plateau and in

eastern China. This occurs in both simulations and

can be mostly attributed to the different topographies

in the models. More generally, differences of change

patterns between the nested and driving models can

be of the same order of magnitude as the differences

between the 2 GCM runs, implying that for summer

precipitation the internal model processes play an im-

portant role (e.g. Déqué et al. 2005).

Our results thus support the conclusion that re -

gional climate change projections based on current

ensembles of global models should be considered

very cautiously. While the use of high-resolution

nested models adds physically consistent spatial de -

tail to the projection, it also adds an important ele-

ment of uncertainty which needs to be properly char-

acterized (Giorgi et al. 2008). This will require the

completion of large multi-GCM/RCM ensembles,

calling for the implementation of large internation-

ally coordinated projects such as the recently devised

coordinated regional climate downscaling experi-

ment (CORDEX; Giorgi et al. 2008, 2009).
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