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The East Asian winter monsoon (EAWM) is one of the most active 
components of the global climate system. Climatological aspects of 
the EAWM have been investigated using reanalysis or observation

 data (e.g., Zhang et al. 1997). However, research on Asian winter 
monsoon is still limited compared with summer monsoon.



 

The features of EAWM are subject to dramatic change under the 
influence of global warming (Hu et al. 2000; Hori and Ueda 2006). It 
is evident that the EAWM and associated meridional heat transport 
both undergo substantial modulations on an interannual time scale 
(Zhang et al. 1997). It is now becoming apparent that

 

the winter 
monsoon

 

is also modulated on decadal time scales (Nakamura et al. 
2002), with its weakening since the late 1980s along with a 
decreased intensity of the Siberian high (Panagiotopoulos et al.

 2005).
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겨울몬순은 여름몬순과 마찬가지로 대륙과 해양의 heating difference를 열원으로 하는 시스템으로 더 큰 규모의 아시아 몬순뿐 아니라 전지구 기후와도 상호작용을 하는 시스템으로 알려져 있다.
동아시아 겨울 몬순의 interannual variability는 크게 시베리안 고기압의 변동과 관련이 있고, 동아시아 겨울 몬순과 시베리안 고기압이 강해지면 직접적인 영향을 받는 동아시아 뿐 아니라 호주의 기온까지 급속히 하강시킨다.
최근 연구에서 살펴보면 동아시아 겨울몬순은 최근 10여년동안 지속적으로 낮은 강도를 보이고 있다.
따라서, 이 연구의 목적은 지역기후모형을 이용하여 최근까지의 동아시아 겨울 기후값을 모의하여, 모형이 cold winter와 warm winter의 특징을 알아보는 것이다. 또한, 이를 통해 지역기후모형의 겨울기후 메커니즘 분석의 tool로써의 가능성을 알아보았다.
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Anomalies of the EAWM do not only bring anomalous weather and 
climate (cold or warm winter) in Asia, they also link to the variations 
of large-scale general circulation and convective activity over the 
tropical maritime continents and the western Pacific (Hu and Nitta 
1997). 



 

Anomalies in the monsoon circulation may accompany significant 
changes in the hydrological cycle

 

over the North Pacific through 
anomalous evaporation from warm ocean surfaces and precipitation. 
Therefore, interannual and decadal modulations in the winter 
monsoon could have significant climatic implications.



 

This study investigates a decadal climate shift over East Asia in 
winter, focusing on the changes in hydrological cycle as well as large-

 scale circulation.
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• Model : NCEP RSM (Juang et al. 1997)

• Grid :  129×86 
(horizontal  resolution : 50km)

• Period : 1979-2007 DJF

• BDY : NCEP/DOE Reanalysis Ⅱ data 
(R2)

• Physics: OSULSM2 
YSUPBL (Hong et al. 2006)
SAS 
SSBC (Kanamaru and Kanamitsu 2005)

Experimental Design

10th RSM workshop, Sapporo, 2010 
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29-year mean of CMAP/R2& difference with the 
RSM

10th RSM workshop, Sapporo, 2010 

Precipitation 500-hPa G.H. 10-m wind & sfc P.

Presenter
Presentation Notes
These figures show characteristics of 29-yr-averaged climatology. The CMAP precipitation represents rainbands extending northeastward from southern China to the southern part of the Korean peninsula and Japan. The RSM simulates maximum rainfall over the oceans near Japan. However, surplus precipitation appears in southern China.
At 500 hPa, the prevailing flow pattern is dominated by the quasi-stationary coastal trough over the north-central part of the model domain. The difference range is below 9 m. However, it is apparent that the model decrease the height over the whole domain. The intensity of this trough is quasi-geostrophically linked to the surface Siberian High. 
The model correctly depicts the broad features of the sea level pressure distribution. The center position of the Siberian High is well simulated by the RSM. In winter, the most prominent surface feature of the EAWM is characterized by strong northwesterlies along the east flank of the Siberian High and East Asia coast. This wind is attributed to both the quasi-stationary Siberian high and the cold surges. The RSM reproduces the general pattern well, however, the intensity of the flow tends to be weakened over the whole domain.
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EOF analysis of precipitation (1st mode)

CMAP RSM

10th RSM workshop, Sapporo, 2010 

33.4% 20.9%

Both the CMAP and simulated precipitation are characterized by a

 

positive-negative

 
pattern in the north-south direction. However, the positive area simulated by the RSM 
is biased southward compared to the CMAP.

To characterize the interannual variability of physical fields, empirical orthogonal 
function (EOF) analysis is applied to,,
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EOF analysis of surface temp. (1st mode) 

79-87

99-07

10th RSM workshop, Sapporo, 2010 

R2 RSM

Lepage statistic (HK)
If HK > 5.99 or 9.21,

the mean change is 
significant at 95% or 99%   

confidence levels.

Lepage test (Lepage 1971)

The first dominant mode is 
characterized by negative 
values over the whole domain.
There is an abrupt change in 
the first mode of the PC time 
series in the late 1980s.

HK values
R2: 7.7
RSM: 13.4

To investigate the statistical 
significance in decadal change,

Presenter
Presentation Notes
Therefore, marked differences in the periods before and after the late 1980s were represented in the observation and model simulations. Regarding the decadal change in the late 1980s, we will show distinguishable changes in the winter monsoon circulation and precipitation over East Asia between 1979-1987 and 1999-2007, which are defined as the first 9 and last 9 winters.
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Climate  change (99-07 minus 79-87)

10th RSM workshop, Sapporo, 2010 

R2 RSM

sfc 
temp.

10-m wind
&

sfc press.

Weakened 
northwesterlies 
are significant, 
which is 
attributed to a 
smaller east-west 
surface pressure

 
gradient

 

and 
weaker northerly 
flow over the 
eastern coast of 
the Asian 
continent.

Strengthening of 
the southerlies 
brings in more 
warm air, which 
results in higher 
temperature.
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Climate  change (99-07 minus 79-87)

10th RSM workshop, Sapporo, 2010 

R2 RSM

200-hPa
wind

500-hPa
height

Differences show 
positive values, 
indicating 
weakened coastal 
trough.

The average of the 
last 9 winters is 
weaker East Asian 
jet, and not 
extended to the east. 
Also, zonal wind to 
the northern side of 
the jet is intensified. 

The horizontal wind shear at the upper troposphere is weaker during the last 9 years. This 
anticyclonic shear may weaken the East Asian coastal trough of the midtroposphere.

Presenter
Presentation Notes
Overall, the RSM is able to reproduce general features of the climate change in terms of large-scale circulation.
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Precipitation change (99-07 minus 79-87)

CMAP RSM

10th RSM workshop, Sapporo, 2010 

To examine whether recent decadal variation in monsoon activities over East Asia are 
accompanied by significant changes in precipitation,,

The increasing trend is extended from southern China to Japan, and the decreasing 
trend is seen in the oceans. The model captures the trend of precipitation changes, 
however, it simulates the areas of increasing trend southward and underestimates 
decreasing trend over the oceans.
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CMAP RSM

EOF analysis of precipitation (1st mode) 

10th RSM workshop, Sapporo, 2010 

99-07

79-87

Both 
observation and 
simulation shows 
a positive-

 
negative pattern 
in the north-

 
south direction

Large negative 
values  over the 
oceans and a  
positive mode 
over southern 
China are 
reproduced.
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79-07

79-87 99-07

Daily Precipitation (mm/day) over East Asia (land only)

10th RSM workshop, Sapporo, 2010 

1D EC        11D EC         21D EC             1JA N          11JA N          21JA N             1FEB          11FEB         21FEB 1D EC        11D EC         21D EC             1JA N          11JA N          21JA N             1FEB          11FEB         21FEB

Despite increased amounts compared to the 
observation, the daily evolution of 
precipitation is captured by the RSM with a 
correlation of 0.77.

In the first 9

 

winters, it is found that

 

the 
simulated and observed precipitation amounts 
during February are larger than December or 
January. Meanwhile, no months has particularly 
more precipitation than any other month 
during the last 9 years.

Presenter
Presentation Notes
Evolutions of daily precipitation averaged over land obtained from CPC observation and RSM simulation are compared in these figures. Although the change in precipitation is more significant over the oceans than over land, daily precipitation data over the oceans from 1979 to 2007 are not available. So, we may infer the change in precipitation over the oceans from the analysis over land.
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Power spectrum of precipitation (land only)
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10th RSM workshop, Sapporo, 2010 

In observed precipitation, the first 9 yr have two 
significant peaks

 

in power near 8.5 days and 45 
days, whereas the last 9 yr show less power and 
have more widely spread peaks between 3 and 10.5 
days

 

compared to the first 9 yr.

The change in precipitation occurs in daily evolution, 
although the change in the dominant pattern is not 
significant. The model simulation does not capture 
these changes in precipitation frequency. 

Presenter
Presentation Notes
The power spectrum analysis also reveals significant differences between the first and last 9 years. 
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Convective precipitation change (99-07 minus 
79-87)

R2 RSM

10th RSM workshop, Sapporo, 2010 

Failure to accurately simulate precipitation changes for the last 9 winters is rooted in 
increased convective precipitation. Convective precipitation from reanalysis data is 
significantly increased

 

along a belt lying over the oceans, in spite of the area where total 
precipitation is decreased. Enhanced convective rainfall indicates that parameterized 
convection is crucial to the successful simulation of mesoscale features. 
The simulated convective rainfall is also increased. The pattern

 

of convective precipitation 
change is similar to the total precipitation change, which implies that grid-resolvable 
precipitation due to baroclinic instability is decreased. It is found that the failure to simulate 
rainfall change is mainly caused by the uncertainty in the convective parameterizations.

Presenter
Presentation Notes
To examine the change of convective precipitation, reanalysis data is used. As we know, precipitation from R2 is not as accurate as observation. But, it is sufficient to reflect the decadal change in convective rain.
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This study investigated a decadal climate shift over East Asia in 
winter, focusing on the changes in the hydrological cycle as well as 
large-scale circulation using the NCEP RSM.



 

Although the RSM is capable of capturing the large-scale 
circulation change

 

between the first 9 and last 9 winters, 
precipitation changes are not well reproduced.



 

Degradation of the model performance in later years is significant. 
Analyses of the spectral power reveal that compared to the first

 

9 
winters, observed monthly variation decreased during the last 9 
years. However, the model is not able to capture the weakened 
monthly variation

Concluding remarks

10th RSM workshop, Sapporo, 2010 
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The fact that the ratio in both R2 and the RSM simulation is 
mostly due to the cumulus parameterization

 

algorithm. Realizing that 
the activation of subgrid precipitation processes due to the cumulus 
parameterization scheme is responsible for the removal of the 
convectively available potential energy (CAPE), the characteristics 
of the precipitation mechanism in recent years could be due to 
buoyancy-driven local instability rather than the large-scale-driven 
baroclinicity.



 

The model’s relatively poor ability to simulate precipitation in 
recent years indicates that additional factors need to be considered 
for climate change study under global warming conditions using 
regional climate models, and this suggests that further efforts 
should be directed toward the development of proper precipitation 
physics package reflecting trends of climate change.

Concluding remarks

10th RSM workshop, Sapporo, 2010 
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10th RSM workshop, Sapporo, 2010 
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