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Abstract

Ten Coupled General Circulation Models (CGCMs) participating the third phase of
Paleoclimate Modeling Intercomparison project (PMIP3) are assessed for the simu-
lations of East Asian Summer Monsoon (EASM) at both the present climate and mid-
Holocene. Results show that the PMIP3 model median well captures the characteris-5

tics of the EASM, including the two distinct features of the Meiyu Front and the step-
wise meridional displacement of the monsoon rainbelt. At mid-Holocene, the enhanced
EASM is simulated by the PMIP3 models. The model median shows that the changes
of surface air temperature and precipitation are within the range as indicated by the
proxy data over the eastern China. Both the changes of monsoonal circulation and the10

water vapor content favor the increasing of summer precipitation. Regional features
can be identified between models because of their different simulations of the above
changes. The model spread for the surface air temperature (TAS) is relatively smaller
when compared with that of PMIP2 models in both the Northern Hemisphere and the
eastern China. However, the model spread of summer precipitation is larger among15

PMIP3 models, particularly in the lower reaches of Yangzi River. The TAS over Tibetan
Plateau has a positive relationship with the precipitation in the lower reaches of Yangzi
River, yet this relationship does not apply for those PMIP3 models in which the mon-
soonal precipitation is more sensitive to the changes of large-scale circulation.

1 Introduction20

The mid-Holocene (MH, approximately 6000 yr before present (BP)) is one of the widely
studied periods in the Quaternary, which was characterized by a warmer period than
present that is also known as Holocene Megathermal. The most important forcing for
the MH is the seasonal contrast of incoming solar radiation at the top of atmosphere
(Berger, 1978) that leads to a different climate conditions rather than present climate.25

Therefore, it provides an opportunity to assess the ability of the Coupled General
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Circulation Model (CGCM), to understand the mechanisms in the coupled model and
to contribute to the projection of the climate change in the future.

The mid-Holocene has been a major period of foci in both the first and second
phases of the Paleoclimate Modeling Intercomparison project (PMIP). Fruitful results
have been achieved that the changes of insolation strengthened the summer monsoon5

systems in the northern Hemisphere and the ocean plays an important role in regulat-
ing the large-scale features of atmospheric circulations (Joussaume et al., 1999; Bra-
connot et al., 2000; Zhao et al., 2005; Braconnot et al., 2007a, b; Zheng and Braconnot,
2012). The numerical simulations show broad agreements with the reconstructions of
proxy data that indicating an enhanced hydrological cycle and large-scale atmospheric10

circulation (Bartlein et al., 2011) and expansion of boreal forest at mid- and high lat-
itudes of the Northern Hemisphere (Prentice et al., 2000). However, large spread of
model simulations in responses to the mid-Holocene forcings exists among models.

The East Asian area is featured by a monsoon climate. Due to the different thermal
capacity of the continent and the ocean, warm low-pressure systems dominate over the15

continent during boreal summer and the subtropical high locates over the North Pacific.
The thermal contrast leads to a prevailing southerly winds in summer and northerly
winds in winter (Tao and Chen, 1987). Numerous studies have well documented the
characteristics of the East Asian Summer Monsoon (Ding and Chan, 2005), however, it
is still difficult for the CGCMs to realistically reproduce the distribution and magnitude of20

the summer precipitation in the East Asian monsoon area (Zhao et al., 1995; Jiang et
al., 2005). The contributing factors to the EASM are more complex than that of the trop-
ical monsoon systems, in which the Pacific and Indian Ocean SSTs and the snow cover
in the Eurasia and the Tibetan Plateau are believed to be primary contributing factors
to the activity of the East Asian summer monsoon (Ding and Chan, 2005). The EASM25

experienced a series of changes through the Holocene that provides an opportunity for
the understanding of mechanism and feedbacks of the EASM. Studies of proxy data
revealed that the Holocene megathermal reached a maximum during 7200–6000 yr BP
in China. The surface air temperature is about 1–4 ◦C higher than present climate and
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the enhanced EASM prevailed over the eastern China with an increased precipitation
about 40–100 % when compared with present observations (Yao et al., 1991; Shi et
al., 1993). Evaluation shows that the PMIP2 models reproduced warmer and wetter
summer climate conditions in East Asia during MH, in which the surface air tempera-
ture (TAS) increased by 0.89 ◦C and the precipitation was 5.8 % higher (Wang et al.,5

2010). However, regional biases compared with the reconstruction and large spreads
between models are found, in particular over and around the Qinghai-Tibetan Plateau.

Inspired by previous studies, the objective of this study is firstly to document basic
features of the EASM from the PMIP3 models pre-Industrial (PI) simulations and com-
pared with the present climate observations. And then changes of EASM during MH10

and the model spread in the eastern China are discussed for a better understanding
of the mechanisms of monsoon changes at MH and the inter-model differences. The
manuscript is organized as follows: Sect. 2 describes the models and experiment pro-
tocols of MH; Sect. 3 shows the results of PMIP3 model simulations for the PI and
MH experiments and compares with the observations and the proxy reconstruction;15

Sect. 4 discusses the inter-model differences in monsoon precipitation change over
the eastern China and the main findings are concluded in Sect. 5.

2 Models and experiments

Within the framework of PMIP3, the mid-Holocene experiment is set up to examine
the coupled model sensitivity to the change of insolation. The insolation pattern is20

standardized following Berger (1978), with an eccentricity of 0.018682, an obliquity of
24.105◦ and a precession of 0.87◦. The greenhouse gases concentrations are set to the
same as that in the pre-Industrial (PI) experiment, except that the CH4 concentration
reduces from 760 ppb to 650 ppb. Other boundary conditions, such as the aerosols,
solar constant, vegetation, ice sheets, topography and coastlines are prescribed as the25

same as in the PI experiments.
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Ten coupled GCMs from the PMIP3 database are used in this study (Table 1). The
climatology is derived from the 100 yr output for each model. Because the number
of simulations is small and the model simulations are not symmetrically distributed
around the ensemble mean, the model median are considered when evaluating the
PMIP3 models simulations. With this solution, outliers have less weight in the analysis.5

Since the PMIP3 models have different resolutions, a bilinear interpolation was firstly
applied to interpolate different climate variables onto the common 1◦ ×1◦ grid. At each
grid point and for each variable, the values of model simulations were then sorted from
minimum to maximum in order to extract the median value. Since a different model may
be chosen as the median at each grid point, there is no inherent direct physical linkage10

between different fields; they only provide orders of magnitude and the large-scale pat-
terns showing how well the PMIP3 ensemble captures the climatology over East Asia.
In addition, the climatology from the CPC Merged Analysis of Precipitation (CMAP, Xie
and Arkin, 1997) and the Climatic Research Unit (CRU, Mitchell and Jones, 2005) data
are used for the evaluation of precipitation and land near-surface temperature, respec-15

tively. The National Center for Environmental Prediction (NCEP, Kalnay et al., 1996)
data are used for the comparison of the monsoon circulations.

3 PMIP3 model results

3.1 Present climate

Figure 1a and c show the precipitation and TAS of present observation during the20

boreal summer (June, July and August averaged), respectively. Overall, the PMIP3
model median simulates the similar large-scale patterns of the monsoonal precipitation
and TAS. The gradually decreasing of monsoonal rainfall from the tropics towards high
latitude and the northwest part of China are captured (not shown). For the EASM,
another dominant feature of the rainbelt extending from the middle and lower reaches of25

the Yangzi River to the east of Japan, also known as Meiyu in China and Baiu in Japan,
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is also reproduced by the model median but with a weaker precipitation. The large-
scale monsoonal circulation over East Asia in PMIP3 model median broadly resembles
that in the NCEP reanalysis (Fig. 2a). The southwesterly from the Indian Ocean brings
water vapor to the East Asia while the vertical velocity at 500 hpa controls the pattern
of monsoonal precipitation. The western Pacific is controlled by the subtropical high5

and its ridge plays an important role in determining the position of rainbelt.
However, several differences can be identified between the model median and the

observed. The magnitude of precipitation is significantly underestimated by PMIP3
model median, particularly in the Bay of Bengal, the eastern China and the western
Pacific (Fig. 1b). The TAS is cooler in the model median over most part of the East10

Asia when compared with the CRU data (Fig. 1d). It is also cooler over the ocean that
may influence the monsoonal circulations. Although the green house gases are lower
in the PI simulations than present climate, which could explain about 0.6 ◦C cooling bi-
ases between model and observations (Folland et al., 2001), the PMIP3 model median
still has a cold bias over most area of East Asia (Fig. 1d). Larger coolings are found over15

the continent where excess monsoonal precipitation is simulated, for example over the
Plateau Tibetan and Northern China (Fig. 1b). The differences in monsoonal circulation
(Fig. 2b) explain the bias of precipitation in the model median, anomalous anticyclone
and weaker updraft at 500 hpa locate in the Bay of Bengal and the southeast China
that leads to weaker monsoonal rainfall, while the enhanced updraft corresponds to20

a stronger precipitation in the model median. In the northwest Pacific, the simulated
precipitation is much weaker than the observation that is related with the cooler sea
surface temperature (SST) simulated in the warm pool region and the tropics.

The seasonal cycle of monsoonal rainfall over Eastern China (averaged from 100◦ E
to 120◦ E) is presented in Fig. 3, which indicates the seasonal march and retreat of the25

EASM. The stepwise meridional displacement is one of the most distinctive features
of EASM compared with other tropical monsoon systems (Tao and Chen, 1987). The
PMIP3 model median broadly reproduces the seasonal cycle of EASM as that in the
CMAP data (Fig. 3a), with the features that the main rainbelt persists in South China
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before mid-May, which is also known as the East Asian Spring Persist Rainfall (Wu et
al., 2007), and then it moves to the lower-middle reaches of the Yangzi River in June
and forms the Meiyu front zone. In July and August, the monsoon precipitation expand
further north to North China and gradually retreats towards equator afterward (Fig. 3b).
The bias of relatively weaker monsoonal rainfall exists in the tropical regions as shown5

in Fig. 1b.

3.2 Changes for MH

Due to the change of Earth’s orbital parameters in mid-Holocene, the Northern Hemi-
sphere receives more incoming solar radiation during boreal summer that leads to a
significant warming over the Eurasia continent beyond 30◦ N, while the change of TAS10

is small in low latitude and over the ocean (Fig. 4a). The change of TAS in the northern
China is within the range of 1–4 ◦C as suggested by previous studies of proxy data
(Shi et al., 1993). Thus, the land-sea thermal contrast is increased in 6 ka that favors
the enhancement of the East Asian monsoon system as shown by the change of the
monsoonal circulation. The southwesterly strengthens from the Bay of Bengal to east-15

ern China, while the enhanced upward motion at 500 hpa prevails most regions of East
Asia, particularly to the south of Plateau Tibetan and in north China (Fig. 4b).

The change of precipitation follows that of the vertical velocity at 500 hpa as shown
in Fig. 4c; the water vapor transport is enhanced by the stronger southwesterly winds
that leads to more summer rainfall to the south of Plateau Tibetan and over eastern20

China. The summer precipitation increases by 5.76 % over the eastern China (100◦ E
to 120◦ E, 20◦ N–50◦ N) at MH, which is similar to the result of PMIP2 model. The pre-
cipitation decreases in the tropics, which are related with the anomalous anticyclone
over the western Pacific and cooler SST at mid-Holocene.

The seasonal cycle of EASM is also being modified in response to the change of25

incoming solar radiation in 6 ka that the precipitation decreases before mid-May dur-
ing the phase of East Asian Spring Persist Rainfall and then it strengthens when the
monsoonal rainbelt jumps to the lower-middle reaches of Yangzi River and North China
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(Fig. 4d). Meanwhile, the retreat of EASM is also delayed by about one month because
the enhancement of precipitation persists till the end of September.

3.3 Model spread

Although the PMIP3 model median captures the large-scale characteristics of the
EASM, the inter-model differences are large and the regional features differs from one5

model to the others. As shown in Fig. 1b, the model spread is large for the precipitation
in the tropics and to the south of Tibetan Plateau where the model median of summer
monsoon precipitation shows a larger deviation from the observation (Fig. 1b). The dif-
ferences are associated with the different convective schemes in each model. During
the MH, the model dispersion for precipitation enlarges mainly in the regions with more10

monsoonal precipitation while it become smaller in the region with decreasing rainfall,
e.g. to the south of Tibetan Plateau and the eastern China and in the tropics. Such
changes reflect different model sensitivities in response to the change of insolation.

To better show the model spread, we plot in Fig. 5 the change of TAS in north-
ern Hemisphere and the eastern China (100◦ E to 120◦ E, 20◦ N–50◦ N) together with15

the detailed changes of precipitation in three regions (Southern China: 20◦ N–27◦ N;
Northern China: 35◦ N–45◦ N; Yangzi River reaches: 27◦ N–35◦ N) of the eastern China
for each PMIP3 model. Overall, by excluding some model outliers, the PMIP3 models
are relatively closer from one to the other in the change of TAS when compared with
the PMIP2 models for both the boreal summer and winter (Fig. 5a). The change of20

TAS in the eastern China follows that in the Northern Hemisphere, increasing in bo-
real summer and decreasing in winter, which is dominated by the change of insolation
at MH. Almost all the models underestimate the change of TAS in JJA as compared
with the range of 1–4 ◦C in the proxy data (Fig. 5a). It was suggested by some proxy
data that the TAS was warmer than present in the eastern China during boreal win-25

ter at MH, but no PMIP3 model support such changes that is because the cooling of
TAS in the models are dominated by the decreased insolation in winter. The lack of
dynamic vegetation in most models may contribute to this model discrepancy so those
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sensitivity experiments with vegetation forcing are necessary for the understanding of
mechanisms.

PMIP3 models show an increased spread of the summer precipitation in the east-
ern China when compared with that from the PMIP2 models (Fig. 5b). The regional
precipitation is featured by an enlarged spread in the southern China and the Yangzi5

River reaches. Six models simulate consistent increase of precipitation from the south
to north in eastern China but with different location of the precipitation maximum, e.g.
the CCSM4 shows a large increase of precipitation in southern China but no significant
change in northern China and the Yangzi River reaches. Other four models simulate
relatively complex patterns of the precipitation change (Fig. 5b). The BCC-CSM simu-10

lates a three cores pattern where the precipitation reverses signs between the Yangzi
River reaches and the northern and southern China, while the FGOALS-g2 and FIO-
ESM show an increased rainfall in northern China but less in the south that are related
with the changes in monsoon circulation. The change of precipitation in FGOALS-s2 re-
duces slightly in both the northern and southern China and remains almost unchanged15

along the Yangzi River.

4 Discussion

Generally, the magnitude of monsoonal precipitation depends on the large-scale cir-
culation and the atmospheric water vapor content (PRW). For the mid-Holocene, both
stronger monsoonal circulation and increased water vapor content would favor the in-20

creasing of the summer monsoon precipitation. As shown by the PMIP3 model median,
the changes of precipitation are closely associated with the change of vertical velocity
at 500 hpa (Fig. 4b and c). Therefore, we plotted in Fig. 6 the change of vertical ve-
locity at 500 hpa (ω500), which reflects the changes in the large-scale circulations. It
shows clearly that the change of monsoon precipitation is dominated by the change25

of ω500. Five models (CCSM4, CNRM-CM5, CSIRO-Mk3-6-0, MPI-ESM-P and MRI-
CGCM3) show a strengthening of the ω500 over the most part of eastern China while
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the weakening of ascend only cover a small portion in this area (Fig. 6), this explains
why they simulate stronger monsoonal rainfall in all three regions of the eastern China
(Fig. 5b). Regional features can also be identified from the changes of ω500, e.g. the
CSIRO show a maximal change of ω500 over the lower reaches of Yangzi River (Fig. 6,
CSIRO) that favor a larger change of precipitation in this region when compared with5

the northern and southern China (Fig. 5b). The relationship of the changes between the
precipitation and ω500 is also applied to the other four models of which show a more
complex pattern of precipitation change. The change of ω500 in BCC-CSM shows sim-
ilar three cores pattern that corresponds the increased rainfall in northern and southern
China and less precipitation along the Yangzi River reaches. The ω500 strengthens in10

the northern China but weakens to the south in the models of FGOALS-g2 and FIO-
ESM that explains the precipitation increases only in the northern China at MH. The
change of ω500 is small in the eastern China so that the change of precipitation is not
significant.

Figure 7 shows that the change of water vapor content at MH also favors the en-15

hancement of EASM precipitation in all the model. The PRW increases in the northern
part of East Asia, particularly in the northern China, and decreases to the south and
over the north-west Pacific (Fig. 7), which is in consistent with the change of mon-
soonal circulation with stronger southwesterly winds (Fig. 4b). The change of EASM
precipitation in the eastern China can be qualitatively derived from the configuration of20

the changes of ω500 and PRW, for example in the FGOALS-g2, the ω500 weakens
over the southern China and Yangzi River reaches and strengthens over the northern
China, while the PRW increases in northern China and decreases to the south, such
configuration explains the changes of monsoon precipitation of FGOALS-g2 as shown
in Fig. 5b. This mechanism applies for most of the PMIP3 models, however, the relative25

importance of the ω500 and PRW are model dependent that needs further quantita-
tively analysis.

The climate condition of the Tibetan Plateau (TP) is one of the important factors
that influence the activity of EASM (Ding and Chan, 2005). Wu et al. (2007) suggest
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that during the summer time, the meridional winds and vertical motions forced by the
Eurasian continental-scale heating and the TP local heating are in phase over the east-
ern and central parts of the continent, therefore the monsoon in East Asia intensified.
Numerical experiments with atmospheric GCMs (AGCMs) also show that atmospheric
heating induced by the rising TP temperatures can enhance East Asian subtropical5

frontal rainfall (Wang et al., 2008). This mechanism may be applied to explain the large
model spread of the precipitation in Yangzi River reaches. Therefore, we plot in Fig. 8
the changes of monsoonal precipitation over the lower reaches of Yangzi River as a
function of the changes of TP temperature. The change of simulated TAS over TP
show a large spread ranging from −0.7 to +0.3 ◦C, which may be related with the differ-10

ent simulations of the snow cover in TP. Six models show a positive relationship for the
change between the precipitation and TP temperature but the sensitivity is model de-
pendent (Fig. 8). The changes of precipitation in the three models of IPSL-CM5A-LR,
MPI-ESM-P and MRI-CGCM3 are more sensitive to the changes of large-scale circula-
tion and water vapor content so that the mechanism from the AGCMs does not applied15

in these simulations. Since the mechanism of the linkage is found to be through two
distinct Rossby wave trains and the isentropic uplift to the east of the TP, which deform
the western Pacific Subtropical High and enhance moisture convergence toward the
EA subtropical front (Wang et al., 2008), the model’s abilities in realistically represent-
ing the huge steep topography may have great impact on the coupling between the20

changes in TP and the EASM activities.

5 Conclusions

Ten coupled models that participated in the PMIP3 are used to investigate their ability
in simulating the East Asian Summer Monsoon in the PI simulations and the changes
of monsoon circulation and precipitation at mid-Holocene. The model medians are ex-25

tracted for several variables rather than the model ensemble mean for the analyses.
Though with biases when compared to the observations, the PMIP3 model median
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captures the basic features of the climatology in East Asia, such as the land-sea ther-
mal contrast and the gradually decrease of precipitation towards the inland of the Asian
Continent (Fig. 1). The atmospheric circulation of the EASM simulated by PMIP3 model
median broadly resembles the pattern as that in the NCEP reanalysis (Fig. 2). However,
the vertical velocity at 500 hpa is underestimated by the model median that explains the5

weaker than observed precipitation at Bay of Bengal, the eastern China and the West
Pacific. Two distinct features of EASM, the Meiyu Front and the stepwise medridional
displacement of the monsoon rainbelt (Fig. 3) are well represented by the PMIP3 model
median.

At mid-Holocene, the PMIP3 model median shows a warming of TAS over the East10

Asia continent and cooling on the ocean (Fig. 4a), which results from the responses to
the insolation change and the different thermal capacity between land and the ocean.
The land-sea contrast is enhanced that favors the strengthening of the monsoonal cir-
culation (Fig. 4b). Stronger southwesterly winds and upward motion at 500 hpa prevail
over the eastern China that leads to the increase of monsoonal precipitation (Fig. 4c).15

The seasonal cycle of the EASM is modified by the change of insolation, in which the
precipitation weakens in spring and strengthens during the summertime. The monsoon
retreat is also delayed by one month at MH (Fig. 4d).

Both in the simulations of PI and MH, the model spread is large in simulating the pre-
cipitation of EASM; in particular the model spread enlarges during MH. Analyses that20

the model spread of summer TAS as simulated by PMIP3 models are relatively smaller
when compared with that of the PMIP2 simulations for both the Northern Hemisphere
and the eastern China. However, the model spread is larger in simulating the precipi-
tations over the eastern China, particularly in the Yangzi River reaches (Fig. 5b). The
changes of monsoon precipitation at MH are associated with the changes in monsoon25

circulation and the water vapor content. Results show that both the changes in large-
scale monsoonal circulation and the water vapor content contribute to the increase of
EASM precipitation over eastern China (Figs. 6 and 7). Regional features result from
the model’s different behaviors of simulating the configuration of changes in monsoon
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circulation and water vapor content. The positive relationship between the TAS and the
subtropical front precipitation that derived from the AGCMs simulations can partially ex-
plain the differences among models but it does not apply for all the PMIP3 simulations
(Fig. 8). In some models, the precipitation is dominated by the changes of large-scale
circulation.5

The model spread of precipitation can be resulted from both the model bias in the
PI simulation and the different sensitivity to the forcings at MH. The roles of the sea
surface temperature (SST) in the Indian Ocean and the Pacific are not yet discussed,
for example the cooler than observed SST in the Indian Ocean and the South China
Sea may influence the onset and strength of the EASM, the SST bias in the north-10

western Pacific may have impact on the Philippine anticyclone that is important to the
EASM. The biases may be amplified at a different climate background, therefore, a
further study of model’s biases are needed.
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Table 1. List of PMIP3 coupled models, resolutions and references.

Models
Resolution

References
Atmos. Ocean

BCC-CSM-1 T42L26 360×232 L40 Wu et al. (2012)
CCSM4 0.9◦ ×1.25◦ L26 320×384 L60 Gent et al. (2011)
CNRM-CM5 T127L31 362×292 L42 Voldoire et al. (2012)
CSIRO-Mk3-6-0 T63L18 192×192 L31 Collier et al. (2011)
FGOALS g2 2.81◦ ×2.81◦ L26 360×196 L30 Li et al. (2012)
FGOALS s2 T42L26 360×196 L30 Bao et al. (2012a)
FIO-ESM T42L26 384×320 L40 Bao et al. (2012b)
IPSL-CM5A-LR 1.875◦ ×3.75◦ L39 182×149 L31 Dufresne et al. (2012)
MPI-ESM-P T63L47 256×220 L40 Giorgetta et al. (2012)
MRI-CGCM3 TL159L48 364×368 L51 Yukimoto et al. (2012)
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Fig. 1. The observed summer precipitation (JJA, mm d−1) and surface air temperature (TAS, ◦C)
and the differences between PMIP3 model median and the observation. (a) summer precipita-
tion of CMAP; (b) difference of precipitation between the PMIP3 model median in PI simulation
and observation; (c) TAS of CRU data; (d) difference of TAS between model median 0ka and
observation. The contours in (b) denote the standard deviation of the ten PMIP3 models for
precipitation.
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Fig. 2. Monsoon circulation for (a) NCEP; (b) difference between PMIP3 model median at 0ka
and NCEP reanalysis. Vectors are for the wind filed at 850 hpa (m s−1) and the vertical velocity
at 500 hpa (dp/dt) are shown as shaded.
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Fig. 3. Seasonal cycle of the EASM, averaged betwwen 100◦ E and 120◦ E, for (a) CMAP;
(b) PMIP3 model median for 0ka.
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Fig. 4. Changes of PMIP3 model median in 6 ka for (a) TAS (shaded, ◦C) and sea level pressure
(contour, hpa); (b) the monsoonal circulation of the wind at 850 hpa (vectors, m s−1) and the
vertical velocity at 500 hpa (shaded, dp/dt); (c) precipitation (shaded, mm d−1) and the model
spread (contour) and (d) the seasonal cycle of EASM precipitation (mm d−1).

3272

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/8/3251/2012/cpd-8-3251-2012-print.pdf
http://www.clim-past-discuss.net/8/3251/2012/cpd-8-3251-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
8, 3251–3276, 2012

Results from PMIP3
simulations

W. Zheng et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 5. (a) changes of surface air temperature (TAS, ◦C) in NH and eastern part of China in
6 ka for boreal winter (DJF) and summer (JJA); (b), Changes of the monsoon precipitation in
eastern part of China and its three sub domains. Blue lines beside the model symbols indicates
the range estimated by the PMIP2 model for the Northern Hemisphere and eastern China from
Braconnot et al. (2007a) and Wang et al. (2010), respectively.
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Fig. 6. The changes of the vertical velocity at mid-Holocene for the PMIP3 model in this study.
Units: dp/dt.
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Fig. 7. Same as Fig. 6 but for the changes of water vapor content. Units: kg m−2.

3275

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/8/3251/2012/cpd-8-3251-2012-print.pdf
http://www.clim-past-discuss.net/8/3251/2012/cpd-8-3251-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
8, 3251–3276, 2012

Results from PMIP3
simulations

W. Zheng et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 8. The changes of precipitation in the lower reaches of Yangzi River (y-axis, mm d−1) as a
function of the changes of TAS (x-axis, ◦C) over the Tibetan Plateau (TP, 85◦ E–95◦ E, 25◦ N–
35◦ N) during boreal summer.
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