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A global climate prediction system (PCCSM4) was developed based on the Community Climate System Model, version 4.0,
developed by the National Center for Atmospheric Research (NCAR), and an initialization scheme was designed by our group.
Thirty-year (1981-2010) one-month-lead retrospective summer climate ensemble predictions were carried out and analyzed.
The results showed that PCCSM4 can efficiently capture the main characteristics of JJA mean sea surface temperature (SST),
sea level pressure (SLP), and precipitation. The prediction skill for SST is high, especially over the central and eastern Pacific
where the influence of El Nifio-Southern Oscillation (ENSO) is dominant. Temporal correlation coefficients between the pre-
dicted Nifio3.4 index and observed Nifio3.4 index over the 30 years reach 0.7, exceeding the 99% statistical significance level.
The prediction of 500-hPa geopotential height, 850-hPa zonal wind and SLP shows greater skill than for precipitation. Overall,
the predictability in PCCSM4 is much higher in the tropics than in global terms, or over East Asia. Furthermore, PCCSM4 can
simulate the summer climate in typical ENSO years and the interannual variability of the Asian summer monsoon well. These

preliminary results suggest that PCCSM4 can be applied to real-time prediction after further testing and improvement.
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China is located in the East Asian monsoon region, with
large inter-annual climate variability and frequent drought
and flood events. Therefore, short-term climate prediction is
important for disaster prevention and mitigation. Since the
1980s, thanks to Chinese scientists’ unremitting efforts,
many achievements have been made in short-term climate
prediction in China.

At present, two categories of approach are used in cli-
mate prediction: the statistical methods based on statistical
analysis and the dynamical methods based on the rules of
variation within the climate system. The dynamical methods
also encompass methods based on climate models, and be-
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cause of the use of increasingly sophisticated climate mod-
els and high-performance computing, such methods enable
us to obtain next-month, next-season, or even longer time-
scales of prediction of the climate system. Thus far, dynam-
ic prediction has been carried out mainly by tier-two (T2)
(Bengtsson et al., 1993) and tier-one (T1) (Kanamitsu et al.,
2002; Palmer et al., 2004; Saha et al., 2006) prediction sys-
tems. In the T2 system, seasonal prediction is performed
using an atmospheric general circulation model (AGCM)
only, with prescribed SST boundary conditions, which
themselves have been previously predicted by a coupled
GCM or statistical model (Lang et al., 2004). However,
owing to insufficient feedback from the atmosphere to the
oceans, land and sea ice in AGCMs, the T2 system is lim-
ited by the AGCM’s passive response to the given boundary
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conditions. Given these constraints, T1-type prediction sys-
tems based on coupled climate models have emerged as the
mainstream approach (Kanamitsu et al., 2002; Palmer et al.,
2004; Saha et al., 2006); their ability to represent the physi-
cal interactions between each of the sub-systems leads to
more realistic results.

Studies into the dynamic prediction of summer precipita-
tion began in 1988 at the Institute of Atmospheric Physics,
Chinese Academy of Science (IAP-CAS) (Zeng et al, 1990).
Since then, the first and second generations of the IAP sea-
sonal climate prediction systems (IAP DCP-I and IAP
DCP-1I) (Zeng et al., 1997, 2003), as well as a seasonal pre-
diction system based on IAP9L-AGCM (Lang et al., 2003,
2004), have been established. Taking the aforementioned
limitations of T2 systems into consideration, here we aimed
to establish a T1-type system based on a coupled climate
system model.

1 Model description and prediction system
design

1.1 Model

The model used in the study was the Community Climate
System Model, version 4.0 (CCSM4.0), developed by the
National Center for Atmospheric Research (NCAR). The
CCSM series has been developed and improved from
CCSM1.0 (1996), CCSM2.0 (2002), CCSM3.0 (2004),
CCSM4.0 (2010), to the Community Earth System Model
(CESM). CCSM4.0 is a global ocean-atmosphere-land-sea-
ice coupled climate model, and was released in April 2010
with notable enhancements over CCSM3.0 (Gent et al.,
2011). CCSM4.0 consists of four geophysical models: the
Community Atmosphere Model, version 4 (CAM4); the
Sea-ice Model, version 4 (CICE4); the Community Land
Model, version 4 (CLM4); and an ocean model. In addition,
a coupler coordinates the four geophysical models and
passes information between them. The model is open-
sourced and supports different resolutions and combinations
of the four geophysical models in order to meet different
needs of research, such as simulation of past, present, and
future climate change.

A medium resolution and finite volume (FV) dynamical
core were selected for this study. In fact, the FV dynamical
core has now been made the default option (since CCSM4)
because of its superior transport properties compared to the
spectrum dynamical core. CAM4 has a horizontal resolution
of 2.5° (long.)x1.9° (lat.), 26 vertical hybrid levels, and
some notable improvements compared with its former ver-
sion. CLM4 has the same horizontal resolution as CAM4,
can contain different land surface types and plant function
types in each grid, and features other noticeable improve-
ments as well (Lawrence et al., 2011). The slab ocean model
(SOM), which was chosen for this study as the oceanic
component of CCSM4.0, has a rotating coordinate with a
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horizontal resolution of approximately 1°, and can repro-
duce the climatology of SST and sea-ice in CCSM4. CICE4
has the same land-sea distribution and horizontal resolution
as SOM. For more details regarding CICE4, readers are
referred to Holland et al. (2012).

1.2 Data and initialization

The central issue in establishing a T1 prediction system is
the initialization of the coupled climate model. In this study,
the initialization scheme is as follows.

(1) CAM4 was initialized with NCEP Reanalysis 1 data
(Kalnay et al., 1996) for 1981-1999 and NCEP FNL data
from 2000 after interpolation to the horizontal resolution
used in CAM4. The multilevel fields (specific humidity,
temperature, zonal and meridional winds) were interpolated
from pressure levels to the 26 hybrid levels of CAM4. A
single-level field used in the initialization was surface pres-
sure.

(2) CLM4 was initialized with daily soil temperature and
soil moisture data taken from the NCEP’s Climate Forecast
System Reanalysis (CFSR; Saha et al., 2010). The vertical
structure of CLM4 and the CFSR data are different. The
CFSR soil data are reported in four layers, with depths of
0.1, 0.4, 1.0, and 2.0 m, whereas the CLM4 soil column
consists of 15 soil layers: 0.007100635, 0.027925,
0.062258574, 0.118865067, 0.212193396, 0.366065797,
0.619758498, 1.03802705, 1.727635309, 2.864607113,
4.739156711, 7.829766507, 12.92532062, 21.32646906,
and 35.17762121 m.

In order to import the observed soil anomalies and over-
come the mismatch between the reanalysis data and the
model climatology, a normalized anomaly coupling scheme
was used in the CLM4 initialization. We first computed the
anomalies of the initial soil moisture and soil temperature
from the long-term daily climatology, normalized them by
their standard deviations, and then combined those initial
soil anomalies with the means and standard deviations of
soil climatology of CLM output data.

The scheme is expressed mathematically as

CFSR -CFSR X Gigas L CLM.,

O—CFSR

where CFSR is the initial soil temperature or soil moisture
of CFSR, CFSR is the climatology of CFSR, ocpsr is the
standard deviation of CFSR, o¢py is the standard deviation

of CLM4, and CLM is the climatology of CLM4.

The initial soil conditions were created by imposing the
initial normalized anomaly for the layer containing the
depth of the CLM layer onto the CLM4 climatology. The
layers below 2.0 m were set to model climatology.

(3) SOM was initialized with the anomalies of monthly
mean 0-155-m weighted-average salinity, temperature, and
sea surface current speed of the NCEP’s global ocean data
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assimilation system (GODAS) dataset. The GODAS merid-
ional domain covers 74.5°S—64.5°N, whereas the SOM do-
main is global. The GODAS fields were interpolated to the
horizontal resolution used in SOM. Climatological data of
SOM were used in regions where GODAS data were unde-
fined. SOM needed not only initialization but also the heat
flux at the lower boundary of the mixed layer, which was
set to the climatological monthly conditions based on a long
simulation of CCSM4.0.

(4) The sea-ice initial conditions were set to the climato-
logical daily conditions based on a long simulation of
CCSM4. No observational information was included in the
sea-ice initial conditions.

(5) Seven members were chosen according to the lagged
average forest (LAF; Hoffman and Kalnay, 1983) scheme
for the forecast. The corresponding initial conditions of
CAM4, CLM4, and CICE4 were chosen from 28/04 to
04/05 at 24-h intervals, with the same ocean initial condi-
tions. We chose May—June-July—August of 1981-2010 as
the integration period for the one-month-lead prediction of
boreal summer climate. The prediction results were the
seven-member ensemble mean and the climatology was the
long-term mean over 30 years.

For evaluation of the prediction results we used the
Global Precipitation Climatology Project (GPCP), version
2.2, combined precipitation dataset (Alder et al., 2003),
which has a 2.5°%2.5° horizontal resolution. Sea surface
temperature (SST) data obtained from the Hadley Centre
SST dataset (Rayner et al., 2006) were also used. The Ni-
fiol+2, Nifio3, Nifio4, and Nifio3.4 SST indices were ob-
tained from the U.S. Climate Prediction Center. Geopoten-
tial height, wind, and sea level pressure (SLP) data were
obtained from the NCEP Reanalysis 1 dataset (Kalnay et al.,
1996).

2 PCCSM4 simulation and prediction

We established a global seasonal prediction system
(PCCSM4) based on CCSM4.0 and the initialization
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scheme. It can predict the global oceanic and atmospheric
circulation and regional climate in advance. We carried out
30-year retrospective predictions (1981-2010) to evaluate
the prediction sill of PCCSM4.

2.1 Seasonal mean bias

Figure 1 shows the observed and PCCSM4-simulated JJA
mean SST. The PCSSM4 climatology generally matches the
observed patterns: SST is higher in low latitudes and lower
in high latitudes. The highest SST is located in the warm
pool of the equatorial western Pacific and tropical Indian
Ocean. In the equatorial eastern Pacific there is a cold
tongue region westward along the equator.

PCCSM4 simulated the main precipitation belt in the
tropics and arid regions in the sub-tropics reasonably well
(Figure 2). However, there is an obvious “double ITCZ”
characteristic with excessive precipitation along the South
Pacific Convergence Zone (SPCZ) area, and a westward
shift of the rainfall center over the North Pacific Conver-
gence Zone (NPCZ). Besides, the precipitation simulated by
PCCSM4 over the Arabian Sea and southern and eastern
Tibetan Plateau is more than that in GPCP data. Further-
more, a dry bias over the equatorial West Pacific, northern
parts of Eurasia, and South America can be seen.

2.2 Prediction skill of PCCSM4

The skill in predicting SST is crucial to the T1 prediction
system. To examine the seasonal mean SST prediction skill,
the correlation coefficients between observed and reforecast
anomalies were calculated for the ensemble mean over a
30-year period. Figure 3 shows the JJA mean seasonal SST
prediction skill. In most parts of the global ocean, the tem-
poral correlation coefficients (TCCs) are positive, with are-
as of statistical significance at the 95% level covering most
parts of the Pacific and some parts of the Indian Ocean, es-
pecially over the tropical Pacific where the influence of El
Nifio-Southern Oscillation (ENSO) is dominant. However,
the TCCs are relatively low over the South Atlantic, south-

120°E 180°

Figure 1 JJA mean SST (°C) of (a) Hadley SST data and (b) PCCSM4.

28 (°C)
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Figure 3 TCCs for JJA mean SST between PCCSM4 and Hadley data (crossed lines represent areas of statistical significance at the 95% confidence level).

ern parts of the cold tongue region, and several key areas of
air-sea interaction, such as the Indonesian Seas and Pacific
Ocean, the Kuroshio area and the Gulf Stream area.

As the strongest inter-annual variability phenomenon,
ENSO, which occurs in the tropics, can have a global im-
pact. Therefore, whether or not PCCSM4 can predict ENSO
reasonably is critical to the performance of the system. Fig-
ure 4 shows the normalized anomalies of the key area of
ENSO. We can see that PCCSM4 has a high prediction skill
over the eastern tropical Pacific. The inter-annual SST vari-
ability is simulated well and the correlation coefficients are
all above 0.6. The high skill of PCCSM4 in predicting the
four indices, which are widely used in ENSO monitoring
and prediction, gives us confidence regarding its application
in real-time prediction.

Figure 5 shows that the skill in predicting SST is still
greater than persistence prediction, and the RMSE is lower
than persistence prediction from the second month, even
though SOM was coupled in PCCSM4.

2.3 PCCSM4 prediction skill for the main atmospheric
variables

The skill of PCCSM4 in predicting 500-hPa geopotential

height is distributed zonally and decreases with increasing
latitude, being higher over the tropics (30°S—-30°N) (statis-
tically significant at the 95% confidence level; Figure 6(a)).
In a previous study, prediction skill was found to decrease
with geopotential height (Lang et al., 2004), but in this
study we found that PCCSM4 has relatively high prediction
skill at low levels (e.g., 700 hPa) (data not shown). To the
south of 30°N in China, the TCCs of 500-hPa geopotential
height passed the 95% confidence level in the statistical test,
indicating that PCCSM4 possesses relatively good predic-
tion skill over this region.

The TCCs for 850-hPa zonal wind were not as high as
those for 500-hPa geopotential height. Parts of the Pacific,
northeastern Indian Ocean, and equatorial Atlantic show
quite high predictability for zonal wind (Figure 6(b)).
Meanwhile, the significant positive correlation regions for
SLP are seen mainly in the South Pacific, tropical North
Pacific (except the warm pool region), tropical Atlantic,
Australia, and most parts of Africa (Figure 6(c)). In general,
the level of predictability is greater in the oceans than over
inland areas. In addition, possibly due to the distribution of
land and the oceans, the predictability is larger in the
Southern Hemisphere than in the Northern Hemisphere. The
skill of PCCSM4 in predicting precipitation is generally
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Figure 5 Prediction skill (a) and RMSE of Nifio3.4 SST anomalies (b).

lower than that of circulation variables, with the significant
values limited mainly to a narrow belt over the equatorial
Pacific and equatorial Atlantic (Figure 6(d)).

As shown in Figure 7(a), the RMSE of 500-hPa geopo-
tential height is mainly below 10 gpm in the tropics and
increases with latitude, with the polar regions showing the
greatest RMSE. The spatial distribution features were con-
sistent at 300 and 700 hPa (data not shown).

The RMSE of 850-hPa zonal wind is greater in the west-
ern equatorial Pacific and eastern equatorial Pacific, which

RMSE

ook ' '
May Jun Jul

PCCSM4

Aug

goes against the prediction of ENSO (Figure 7(b)). The
greatest RMSE can be found in the mid-latitudes of the
Southern Hemisphere, and even the TCCs for 850-hPa zon-
al wind are higher in this region (Figure 6(b)), the predic-
tion skill over this area is still limited.

The polar regions also show the biggest RMSE of SLP,
especially over the Antarctic (Figure 7(c)). The precipitation
TCCs in the tropics are high (Figure 6(d)), but the RMSE in
this region is high as well (Figure 7(d)). The main center is
located in the equatorial Indian Ocean region, east of the
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Figure 6 TCCs of JJA mean 500-hPa geopotential height (a), 850-hPa zonal wind (b), SLP (c), and precipitation (d). Crossed lines indicate statistical sig-
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island of New Guinea, and the central and eastern equatorial
Pacific. These results indicate difficulties in precipitation
simulation and forecasting.

The prediction skill of PCCSM4 is higher in the tropics,
with the 30-year mean spatial anomaly correlation coeffi-
cients (ACCs) of circulation variables being around 0.3, and
that of precipitation up to 0.22, as shown in Table 1.
Meanwhile, in East Asia, apart from the 30-year mean SLP
spatial ACC, which exceeds 0.2, those of 500-hPa geopo-
tential height, 850-hPa zonal wind, and precipitation are
much lower than global (around 0.2) and tropical levels. In
general, the predictability of the climate model is higher in
the tropics, whereas in the extratropics there is almost no
predictability, especially in East Asia. This is a common
problem in climate model prediction systems (Wang, 1997).

As shown in Figure 8, there is an obvious inter-annual
variability in the spatial ACCs of JJA, with a maximum of
0.5-0.6. The main peaks appear in 1982, 1986, 1987, and
1998, indicating higher prediction skill in extreme climate
years. The predictability is greater in the tropics, with posi-
tive ACCs in most years and the maximum exceeding 0.6.
Meanwhile, the predictability is lower in East Asia, with

Table 1 30-year mean spatial ACCs for JJA
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intense inter-annual variability, the maximum exceeding 0.9,
and the minimum approaching -0.9, indicating the complex-
ity and difficulty of climate prediction in this region.

2.4 PCCSM4 prediction skill in typical ENSO years

Previous studies have shown that El Nifio and La Nifia
events have a great influence on global climate. As reported
above, results showed that PCCSM4 has greater prediction
skill in abnormal-climate years. To assess the prediction
skill of PCCSM4 for typical ENSO years, we compare the
special ACCs in four strong El Nifio (1982, 1987, 1997, and
2002) and La Nifia (1984, 1988, 1998, and 1999) summers,
and normal years (1983, 1995, 1996, and 2001), according
to the normalized Nifio 3.4 index and Kim et al. (2012). As
Table 2 shows, the skill score in strong ENSO years is
higher than that in normal years, especially for 500-hPa
geopotential height and SLP, with no skill in normal years.
The connection between precipitation and ENSO amplitude
is the highest, as the correlation coefficients show (statisti-
cally significant at the 99% confidence level). The correla-
tion between spatial ACCs of 850-hPa zonal wind and

H500 U850 SLP Precipitation
Global 0.18 0.22 0.18 0.20
Tropics 0.29 0.30 0.33 0.22
East Asia 0.08 0.06 0.21 0.01

Anomaly correlation coefficient

Anomaly correlation coefficient

LI L

(©)

1985 1990 1995 2000 2005

—— Global

2010

Anomaly correlation coefficient

Anomaly correlation coefficient

—_ =)= -

| TR R
2000

1985 1990 1995 2005
r T T T T T
0.8
[ ? R
0.4 p o) ¢ R
[ f \ I\l
A h \ P 8
0.0 i A AXD 4 AN Loty TS
. » \ | y N7 \ T 9] L2 AY g y
TR h \él ‘II \;\I
04t *%e ) 4
1
-0.8| (d)
PR IR R R ERTrI RN R
1985 1990 1995 2000 2005 2010
EastAsia ~  --=--- @ ---- Tropic

Figure 8 Spatial ACCs of 500-hPa geopotential height (a), 850-hPa zonal wind (b), SLP (c), and precipitation (d).
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Table 2 Spatial ACCs in different types of years and their correlation with Nifio 3.4 index”

H500 U850 SLP Precipitation
Global El Nifio years 0.31 0.39 0.35 0.35
La Nifia year 0.26 0.36 0.29 0.31
Normal year 0.02 0.15 -0.01 0.21
Correlation coefficient 0.32 0.35% 0.25 0.55%%*
Tropics El Nifio years 0.46 0.51 0.45 0.39
La Niiia years 0.54 0.46 0.57 0.34
Normal years 0.21 0.31 0.41 0.23
Correlation coefficient 0.43* 0.34 0.17 0.56%*
East Asia El Nifio years 0.21 0.01 0.34 0.03
La Nifia years 0.29 0.47 0.46 -0.09
Normal years 0.13 -0.20 0.09 -0.01
Correlation coefficient —-0.08 0.11 0.23 -0.12

a) * Significant at the 95% confidence level; ** significant at the 99% confidence level.

ENSO amplitude is the second highest, and statistically sig-
nificant at the 95% confidence level. The results indicate
that the skill of PCCSM4 in predicting global precipitation
and circulation variables is closely related to ENSO events.

Given that ENSO events occur in the tropical Pacific,
they should have the most significant impact in the tropics.
Although the predictability is quite high in the tropics, the
prediction skill in typical ENSO years is still higher than
that in normal years over this region. The correlation coeffi-
cient between spatial ACCs of 500-hPa geopotential height
(precipitation) and ENSO amplitude is statistically signifi-
cant at the 95% (99%) confidence level, indicating that
ENSO events can affect the geopotential height and precip-
itation predictability in the tropics.

The relationship between the level of predictability and
ENSO events in East Asia is not as close as in global terms
or in the tropics, as the results in Table 2 show. However,
the prediction skill for 500-hPa geopotential height,
850-hPa zonal wind, and precipitation, in El Nifio years is
greater than that in normal years. Meanwhile, in La Nifia
years the prediction skill for 500-hPa geopotential height,
850-hPa zonal wind, and SLP is greater than that in normal
years. The prediction skill for East Asian summer precipita-
tion is low in all years, i.e., not only typical ENSO years,
but also normal years, indicating that the prediction skill for
East Asian summer precipitation is not strongly affected by
ENSO. There may be two reasons for this: (1) the relation-
ship between ENSO and East Asian summer precipitation
has inter-decadal variations and is not closely related after
the 1980s (Wang, 2001, 2002; Gao et al., 2007); and (2) not
only the circulation systems in low latitudes, but also those
in high latitudes (Zhang et al., 1998; Sun et al., 2012b;
Gong et al., 2002), even in the Southern Hemisphere (Wang
et al., 2003; Xue et al., 2003; Fan et al., 2004; Wang et al.,
2005; Sun et al., 2009; Gao et al., 2003), can impact East
Asian summer precipitation and possess complex mecha-
nisms.

2.5 Simulation of Asian monsoon indices in PCCSM4

To examine the capability of PCCSM4 in simulating the
year-to-year variability of Asian summer monsoon, five
commonly used Asian monsoon indices were calculated
over 30 years and comparisons made between the hindcasts
and reanalyses, as shown in Figure 9. Compared with NCEP
reanalysis data, the prediction skill for the interannual vari-
ability of Webster-Yang monsoon index (Webster and Yang,
1992) is the worst, with a correlation coefficient of 0.35
(exceeding the 95% significance level; Figure 9a). The cor-
relation coefficients of the other four monsoon indices all
exceed 0.5 (statistically significant at the 99% confidence
level), meaning PCCSM4 has the ability to capture the in-
terannual variability of the main circulation state over the
Asian monsoon region. The high skill in simulating the two
East Asian summer monsoon indices (Figure 9(d), (e)) is
very encouraging, indicating that even though the prediction
skill is very low for East Asian summer precipitation,
PCCSM4 can still simulate well the year-to-year variability
of East Asian summer monsoon.

3 Summary and discussion

PCCSM4 is a global climate prediction system based on
CCSM 4.0 and an initialization scheme designed by our
group. Its seasonal prediction skill was assessed in the pre-
sent study through 30-year (1981-2010) retrospective
summer climate ensemble predictions.

Despite some model bias, PCCSM4 can efficiently cap-
ture the main characteristics of summer climatology. Fur-
ther analysis showed that the prediction skill for SST is still
greater than persistence, even though the oceanic compo-
nent (SOM) is coupled. The greater predictability of SST in
the model covers the main regions of the global ocean; es-
pecially over the central and eastern Pacific where the in-
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Figure 9 Asian monsoon indices from 1981 to 2010. (a) Webster-Yang monsoon index (Webster et al., 1992); (b) Indian Monsoon index (Wang et al.,
1999); (c) western North Pacific monsoon index (Wang et al., 2001); (d) East Asian summer monsoon index (Zhang et al., 2003); (e) East Asian summer

monsoon index (Wang, 2002).

fluence of ENSO is dominant, the SST interannual variabil-
ity is simulated well. The prediction skill for precipitation is
lowest compared with the other variables that were assessed,
which is a common limitation of dynamical prediction sys-
tems. The prediction skill for 500-hPa geopotential height is
highest, and is distributed zonally; the prediction of 850-hPa
zonal wind and SLP shows the greatest skill in the tropical
oceans, especially in the South Pacific; and high prediction
skill for precipitation is limited mainly to a narrow belt over
the equatorial Pacific and equatorial Atlantic. In addition,
the prediction skill in PCCSM4 shows significant interan-
nual variability, with greater skill in extreme climate years,
as demonstrated by the spatial ACC time series results.
Furthermore, PCCSM4 shows good capability in simulating

the year-to-year variability of the Asian summer monsoon.
Although PCCSM4 can capture the global and tropical
summer climate variability well in typical ENSO years and
has a high prediction skill for SST anomalies over key
ENSO areas, it performs poorly in simulating East Asian
summer climate due to the influence of many systems in
that region adding an extra degree of complexity. Huang et
al. (1989) found that the East Asian summer climate can be
affected by ENSO, and later pointed out that SST in the
tropical western Pacific warm pool and convective activity
can also have an influence (Huang et al., 1993). The com-
plexity of East Asian monsoon variability arises not only
from the effects of tropical forcing, but also because of the
circulation in high latitudes in the Northern Hemisphere
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(Zhang et al., 1998), the West Pacific Subtropical High
(Huang et al., 2004), snow cover over the Eurasian conti-
nent (Zhao, 1984), Arctic sea ice (Liu et al., 2012), the
North Atlantic Oscillation (Gong et al., 2002; Sun et al.,
2012b), the Somali Jet (Wang et al., 2003), the Mascarene
High and Australian High (Xue et al., 2003), and the Ant-
arctic Oscillation (Gao et al., 2003; Sun et al., 2009), among
other factors. Furthermore, due to the interactions between
these systems and inter-decadal variability in each system,
the variation of East Asian summer climate is complex and
difficult to predict.

The prediction skill of dynamical methods over East Asia
is severely limited (Wang, 1997), and this was also found
for PCCSM4. Although interactions are involved in the T1
method, which is more realistic compared to the T2 method,
climate drift is a major challenge in the T1 system. With the
limitation of suitable initial observation data, it is hard for
the prediction skill in dynamic methods to improve signifi-
cantly in the short term. Traditionally, statistical error cor-
rection methods have been applied to resolving the problem
(Zeng et al., 1994; Wang et al., 2000), and in recent years,
statistical downscaling methods (Liu et al., 2012a, 2012b;
Sun et al., 2012a) and statistical-dynamic hybrid methods
have shown promise in short-term climate prediction (Wang
et al., 2009; Lang et al., 2010). Therefore, we can explore
these methods in the context of PCCSM4 in order to im-
prove its performance over East Asia.

PCCSM4 has greater (less) skill in the tropical belt
(mid-high latitudes) due to the stronger internal chaos effect
of the atmosphere in mid-high latitudes. Furthermore, the
snow cover and sea-ice variations, which have great impacts
on climate over the mid-high latitudes, are not involved in
PCCSM4. How to improve the initial scheme to involve
more observation data is an important issue for improving
the prediction skill of PCCSM4 in the future.
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