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VISION 
The overarching goal of the Nansen-Zhu 
International Research Center (NZC) is to be an 
internationally acknowledged climate research 
and training centre with emphasis on tropical and 
high-latitude regions, and the teleconnections 
between these regions, for past, present and 
future climate. 

ORGANIZATION 
The Nansen-Zhu Centre is a non-profit joint 
venture between China and Norway located at the 
Institute of Atmospheric Physics under the 
Chinese Academy of Sciences (IAP/CAS) in 
Beijing, China. 
NZC has five founders: IAP/CAS; the Nansen 
Environmental and Remote Sensing Center 
(NERSC), Bergen, Norway; the University of 
Bergen (UoB), Bergen, Norway; the Uni Research 
AS--Bjerknes Centre for Climate Research 
(UniResearch/BCCR), Bergen, Norway; and the 
Peking University (PKU), Beijing, China. A revised 
agreement was signed on November 4th 2008 in 
the witness of Norwegian Minister of Research 
and Higher Education, Tora Aasland, and the 
Vice President of Chinese Academy of Sciences, 
Prof. Zhongli Ding, where also the Nanjing 
University, Nanjing, China, was included as a new 
partner represented by Prof. Xiuqun Yang. 

BACKGROUND 
NZC is set up based on the desire to run an 
attractive and focussed cutting edge climate 
research network bridging scientists from 
China, Norway and abroad. 
Particularly, NZC aims to: 
• Exchange scientists and graduate students 

between the founding partners 
• Initiate and develop joint research projects 

between the founding partners to be 
submitted to national and international bodies 

• Stimulate and support joint publications in 
international peer-reviewed journals 
 

RESEARCH AREAS 
NZC’s strategy is to integrate field observations, 
remote sensing products, theory and numerical 
modelling to develop cutting-edge research within 
eight prioritised topics: 
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FOUNDING PARTNERS 
 

• Institute of Atmospheric Physics, 
Chinese Academy of Sciences 
(IAP/CAS), Beijing, China 

• Nansen Environmental and Remote 
Sensing Center (NERSC), Bergen, 
Norway 

• University of Bergen (UoB), Bergen, 
Norway 

• Peking University (PKU), Beijing, China 
• Uni Research AS--Bjerknes Centre for 

Climate Research 
(UniResearch/BCCR), Bergen, Norway 

• Nanjing University (NJU), Nanjing, 
China 

 

LEADER TEAM 
 
• Director Professor Huijun Wang, 

IAP/CAS 
• Deputy Director Professor  Yongqi 

Gao, NERSC/IAP 
• Co-Deputy Director Professor Zifa 

Wang, IAP/CAS (to Oct. 2010)  
• Research school leader, Professor 

Tore Furevik, UoB 
 

THE ADVISORY BOARD 
 
• Professor Ola M. Johannessen, 

Chairman of NERSC, Co-chairman 
• Professor Huijun Wang, Director-

general  IAP/CAS, Co-chairman 
• Professor Peter M. Haugan, Director 

Geophysical Institute/UoB 
• Professor Benkui Tan, Dep. Director of 

Atmospheric Department at PKU 
• Professor Eystein Jansen, Director Uni 

Research/BCCR 
• Professor Xiuqun Yang, Director of 

School of Atmospheric Sciences, NJU 
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1. Reconstruction of past climate and climate 
variability based on low- and high-latitude 
paleo-environmental reconstructions from tree 
rings, marine and lake sediments, mountain 
glaciers, ice cores and by use of modelling  
(Co-heads: Eystein Jansen, 
UniResearch/BCCR and Huijuan Wang, 
NZC/IAP).   

2. Study the natural and anthropogenic variability 
of selected glaciers at high and low latitudes 
and their potential interrelationships, including 
the study of the Greenland ice sheet and 
mountain glaciers and their contributions to 
the past, present and future sea-level changes 
(Co-heads: Atle Nesje, UoB/BCCR, Meixue 
Yang, Chinese Academy of Sciences).   

3. Development and evaluation of seasonal, 
inter-annual and decadal time scale climate 
predictability systems and identification of low- 
and high-latitude teleconnection patterns and 
mechanisms (Co-heads: Tore Furevik, 
UoB/BCCR and Shuanglin Li, NZC). 

4. Model and assess long-term climate and air 
quality effects of regional to global scale 
atmospheric events like aerosol variability, 
dust storms and pollution emissions (Co-
heads: Igor Esau, NERSC and Zifa Wang, 
NZC) (to Oct. 2010). 

5. Assess sources and sinks of carbon dioxide 
on seasonal to interdecadal time scales based 
on integrated use of observations and 
modelling (Co-heads: Christoph Heinze, 
UoB/BCCR and Yongfu Xu from IAP).  

6. Model and analyze the ocean circulation by 
means of advanced data assimilation methods 
(Co-heads: Laurent Bertino, NERSC and 
Jiang Zhu from IAP). 

7. Development of satellite-based, 
multidisciplinary, spatially- and temporally-
harmonized and stable long time series of 
Essential Climate Variables for environmental 
and climate change monitoring and research 
(Co-heads: Johnny A. Johannessen, NERSC 
and Yongqi Gao from NZC).  

8. Collaboration on model development, 
validation and applications of Earth system 
models (Co-heads: Mats Bentsen, 
UniResearch/BCCR and Yongqi Gao from 
NZC).  

ONGOING JOINT RESEARCH 
1. Exploring the decadal to century timescale 

climate variability in East Asian over last 
millennium (DecCen), covering research 
areas 1, 2 and 3. Project leaders are Tore 
Furevik (UoB/BCCR) and H.J. Wang 

(NZC/IAP) with Yongqi Gao (NERSC/NZC) as 
the coordinator, funded by the Research 
Council of Norway and NZC/IAP/CAS. 

2. Arctic Warming (ARCWARM) covering 
research area 3. Project leaders are Ola M. 
Johannessen (NERSC) and Lingling Suo 
(PKU), funded by the Research Council of 
Norway. 

3. “Blue” Arctic Impact on East Asian 
Climate, covering research area 3. Principal 
investigators (PIs) are Yongqi Gao (NERSC) 
and Dong Guo (NZC), funded by the Bjerknes 
Center of Excellence/Research Council of 
Norway and NZC/IAP/CAS. 

4. Precipitation and mid-latitude storm track 
variability in China, covering research area 
3. PIs are Benkui Tan (PKU), Nils Gunnar 
Kvamstø (GFI/UOB) and Ola M. Johannessen 
(NERSC), funded by Nansen Scientific 
Society 

5. Greenland Ice Sheet Mass Balance, 
covering research area 2. Project leaders are 
Ola M. Johannessen (NERSC) and Huijun 
Wang (NZC), funded by Nansen Scientific 
Society  

6. Data Assimilation, covering research area 6. 
PIs are Jiang Zhu (IAP) and Laurent Bertino 
(NERSC), funded by IAP/CAS and Mohn-
Sverdrup Center.  

7. DRAGON in support of harmonizing 
European and Chinese marine monitoring 
for Environment and Security System 
(Dragoness), covering research area 7. 
Project leader is Johnny Johannessen 
(NERSC) and Yongqi Gao (NZC), funded by 
EU. 

 

STAFF 
At the end of 2010, NZC has a total staff of 69 
persons. The staff consists of 11 full-time 
members with 10 research scientists and 1 
administration staff, 17 part-time research 
scientists, 1 joint member and 2 post doc, 18 PhD 
students and 20 master students.  

PUBLICATIONS 
In 2010, the NZC staff published 45 papers in 
international referee journals. Of these papers, 31 
were published in Scientific Citation Index (SCI) 
journals and 14 in other journals (For detail, see 
the publication list in this report). 

DOCTORAL DISSERTATIONS 
Five PhD-students defended their theses at 
IAP/CAS in 2010: 
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• Linling Chen: Greenland Ice Sheet Surface 
Elevation Change and Influence of 
Atmospheric Teleconnections in the Northern 
Hemisphere.  (2010.01.19) 

• Meijing Lin: Analysis of the Western North 
Pacific environment field in typhoon season 
and hindcast research based on DEMETER 
coupled models. (2010.05.30) 

• Tao Wang: An investigation and modeling of 
the dust aerosol and its direct radiative effect 
in the Last Glacial Maximum and climate 
change in the Mid-Holocene. (2010.05.30) 

• Xiao Tao: Uncertainty analysis and ensemble 
data assimilation of ozone forecast. 
(2010.05.26) 

• Qizhong Wu: Air quality Muti-models real-time 
forecast system in Beijing and its application. 
(2010.05.24) 

 
In addition, four Master-students defended their 
theses at IAP/CAS in 2010: 
• Zhuolei Qian: The GCM-Based Climate 

Predictability of Arctic and Antarctic Oscillation 
(2010.05.26). 

• Yufei Zou: Application of Kalman Filter Based 
Inverse Modeling  to Update of regional 
Emission Inventory during Beijing Olympics 
(2010.05.24). 

• Xiaoting Chen: The Influence of Tropical 
Ocean Warming on the Interdecadal Variation 
of Southern Annular Mode and East Asian 
Summer Monsoon (2010.06.01). 

• Jingfeng Yao: The Numerical Study of Direct 
Climate Forcing Due to Anthropogenic 
Aerosols over East Asian Monsoon Region 
(2010.06.04).  

 

AWARDS 
NZC staff has received 7 awards in 2010: 
• Huijun Wang: Award for Excellent PhD 

Supervisor at IAP.  
• Ke Fan: The 11th China Excellent Young 

Researcher for Science and Technology given 
by Chinese Association of Science and 
Technology 

• Zifa Wang: “May 4th” Award from Central 
Committee of CPC Affiliated Organizations 

• Zifa Wang: “Zou Jingmeng” Award for Young 
Meteorologist 

• Ola M. Johannessen: “Visiting Professorship 
of Senior International Scientists of the 
Chinese Academy of Sciences”. Diploma 

signed by Prof. Yongxiang Lu, President of 
Chinese Academy of Sciences  

• Ola M. Johannessen: “Honorary Member of 
the Norwegian Academy of Technological 
Sciences” 

• Ola. M. Johannessen: “Certificate” from the 
Director-general of the European Space 

STAFF MEMBERS 
By the end of 2010, the different staff 
categories are: 

FULL-TIME (11 PERSONS) 
Huijun Wang (Prof. Dir.) 
Shuanglin Li (Prof.) 
Dabang Jiang (Prof.) 
Ke Fan (Prof.) 
Jianqi Sun (Assoc. Prof.) 
Aihui Wang (Assoc. Prof.) 
Lei Yu (Researcher) 
Yali Zhu (Researcher) 
Ying Zhang (Researcher) 
Jianjian Fu (Researcher) 
Yanan Wang (Admin.) 

JOINTLY (1) 
Yongqi Gao (Prof. Dep. Dir.) 

AFFILIATED (17) 
Profs. Ola M. Johannessen; Eystein Jansen; 
Helge Drange; Tore Furevik 
Senior Researchers: Mats Bentsen; Odd Helge 
Otterå, Lixia Lu; Xiemei Lang  
Researchers: Botao Zhou; Hui Gao; Jinping 
Han; Jingzhi Su;  Weiwei Fu; Wenyuan Chang;  
Xu Yue; Zhongshi Zhang 
PhD: Ingo Bethke 

POST DOC (2) 
Ning Shi; Ran Zhang 

PHD STUDENTS (18) 
Dong Guo; Donglin Guo; Entao Yu; Feifei Luo; 
Huanlian Li; Huopo Chen; Jiehua Ma; Jun 
Wang; Minghong Zhang; Qing Yan; Rashed 
Mahmood; Shan Liu; Shuzhou Wang; Tao 
Wang; Wei Hua; Yanchun He; Ying Liu; Zhe 
Han  

MASTER STUDENTS (20) 
Baoqiang Tian; Bo Sun; Dong Chen; Fei Li; 
Hui Liu; Jianghua Wan; Jie Bian; Juan Ao; 
Mengzi Zhou; Na Liu; Peishu Zong; Qin Wang; 
Shengping He; Wei Wu; Xuedong Cui; Ya 
Gao; Yanyan Huang; Yue Sui; Zhiping Tian; 
Zhiqing Xu  
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Agency for his contribution to the “High-Level 
Science Policy Advisory Committee from 
2007-2010” 

BILATERAL VISITS 
NZC has close collaboration and frequent project-
dependent exchange with students and 
researchers from NERSC, BCCR and UoB.  
Chinese visits to Bergen; 
Dong Guo (NZC), Mar.21-Jun.18, 2010 (NERSC) 
Lei Chen (PKU), Jun.30-Dec.31, 2010 (NERSC) 
Jiping Xie (IAP), Oct.15-Dec.21, 2010 (NERSC) 
Lei Yu (NZC), Sep. 5-Nov. 30, 2010 (NERSC) 
Linling Chen (NZC), Sep.9, 2008-present (NERSC)  
Yanchun He (NZC/PKU), Apr. 2-Jun.30, 2010 
(NERSC) 
Yanchun He (NZC/PKU), Sep.16-Dec.14, 2010 
(NERSC) 
Lingling Suo (PKU), July 2008-present (NERSC) 
Feifei Luo (NZC), Mar.2-May 20,  2010 (UoB/BCCR) 
Tao Wang (NZC), Mar.2-May 28, 2010 (UoB/BCCR) 
Wenmin Man (IAP), Jun.3-Aug.31, 2010 (UoB/BCCR) 
Yuxing Wang (PKU), Sep.16-Dec.7, 2010 (UoB/BCCR) 

Norwegian visits to Beijing  
Ola M. Johannessen (Chairman of NERSC), Oct.18-
Nov.4, 2010  
Bente Johannessen (Director of Administration at 
NERSC), Oct.29-Nov.4, 2010 
Laurent Bertino (Research Director at NERSC), Jul.26-
31,2010 
Eystein Jansen (Director of UniResearch/BCCR), 
Nov.3-6, 2010 
Dag Rune Olsen (Dean of Mathematics and Natural 
Science Faculty at UoB), Nov.3-4, 2010 
Tore Furevik (Director of UoB/BCCR), Feb.22-25, 2010 
 
Joint Appointment: Prof. Yongqi Gao spends half time 
in Norway and half time in China and in 2010 travels 7 
times back and forth. 

SUMMER SCHOOL 
The fourth NZC summer school took place in 
Obergurgl, Austria during June 20-July 2, 2010. 
The summer school is supported and organized 
by the UoB/BCCR (Bergen, Norway) through the 
bilateral climate research project “Exploring 
Decadal to Century Scale Variability and Changes 
in the East Asian Climate during the last 
Millennium (DecCen)” and by the Nansen-Zhu 
International Research Center (Beijing, China) 
and University Center, Obergurgl, Austria .   
 

ANNUAL MEETING 
The annual meeting of NZC was held at NZC/IAP 
on November 3 including the participation of Dr. 

Kari Kveseth, Counsellor of Science and Higher 
Education with the Royal Norwegian Embassy in 
Beijing. 
 

ECONOMY  
NZC receives funding from the Chinese and 
Norwegian partners, including the Nansen 
Scientific Society in Bergen, Norway. Projects are 
supported by Chinese Academy of Sciences, 
Ministry of Science and Technology and Natutal 
Science Foundation of China. NZC received  
7010 kRMB (757 kEURO) in 2010. 
 

PROSPECTS FOR 2011 
The Board expects more research activities on 
the eight listed research areas. This is due to the 
received fund in China and due to the stable 
support from Norwegian partners and more 
funding possibilities from the National Sciences 
Foundation of China (NSFC), the Research 
Council of Norway (RCN), the Ministry of Science 
and Technology (MOST), the Chinese Academy 
of Sciences (CAS), and the Nansen Scientific 
Society in Bergen, Norway. 

 

SCIENTIFIC RESEARCH 2010 
PALEO-CLIMATE RESEARCH 
Last Glacial Maximum East Asian monsoon: 
Results of PMIP simulations (Jiang and Lang, 
2010) 
During glacial periods, the East Asian monsoon is 
thought typically to have been stronger in boreal 
winters and weaker in boreal summers. It is 
unclear, however, whether this view is true at 
larger scales, and to what extent the East Asian 
monsoon responds to glacial conditions as a 
whole. Using all experiments conducted as part of 
the Paleoclimate Modeling Intercomparison 
Project, here we examine the East Asian 
monsoon climatology during the Last Glacial 
Maximum (LGM), around 21,000 calendar years 
ago. In contrast to conclusions drawn from sparse 
proxy data, the intensity of the East Asian winter 
(December–February) monsoon (EAWM) during 
the LGM, as measured by regionally-averaged 
meridional wind speed at 850 hPa, was found to 
vary both in sign and magnitude, with reference to 
baseline climate, across the PMIP simulations. It 
strengthened in 10 out of the 21 models but 
weakened in the remaining 11 models (Figure 1), 
with an average weakening of 4% for the 21-
model ensemble mean (15% for the ensemble 
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mean of the 14 models with computed sea 
surface temperatures). At the sub-regional scale, 
the LGM EAWM strengthened north of about 
30°N but weakened south of this region in East 
Asia, which can be explained by changes in 
surface temperature. On the other hand, all of the 
14 models chosen in this study consistently 
simulated a weaker-than-baseline East Asian 
summer (June–July–August) monsoon during the 
LGM, with an average weakening of 25%. 
 

   

 
Figure 1. Percentage anomalies of the LGM EAWM (a) 
and EASM (b) intensities relative to baseline climate as 
simulated by the PMIP simulations. MME stands for 
the ensemble mean of the 21 (14) models’ simulations 
in winter (summer). 
 
Mid-Holocene East Asian summer climate as 
simulated by the PMIP2 models (Wang et al., 
2010) 
In the present study, datasets derived from twelve 
coupled ocean–atmosphere general circulation 
models (OAGCMs) in the Paleoclimate Modelling 
Intercomparison Project phase two were used to 
analyze the East Asian summer climate during 
the mid-Holocene (about 6,000 calendar years 
ago). On the whole, the OAGCMs reproduced 
warmer and wetter summer climate conditions in 
East Asia during the mid-Holocene. The multi-
model ensemble showed that in East Asia, the 
regionally-averaged summer surface air 
temperature (SAT) increased by 0.89°C, summer 
precipitation was 5.8% higher, and an obviously 
strengthened southerly wind corresponded to a 
strong summer monsoon in the mid-Holocene 
when compared to preindustrial levels. The data-
model comparison in China reveals a good 
agreement between the OAGCMs’ results and the 
reconstructed changes in the summer SAT in 
East China during the mid-Holocene (Figure 2). In 

North China, the simulated SAT anomalies are 
0.5°C lower overall than reconstruction. In 
contrast, the OAGCMs fail to capture the 
strongest warming in the southern Qinghai-
Tibetan Plateau. On the other hand, the simulated 
precipitation agrees well with proxy data except 
for in the central parts of China, where the 
simulated summer precipitation disagrees in sign 
with reconstruction. In addition, there is a large 
spread among the simulations, particularly over 
and around the Qinghai-Tibetan Plateau, and 
inter-model discrepancies are larger for 
precipitation than for SAT as a whole. 
 

 

 
Figure 2. (a) the reconstructed MH SAT changes with 
reference to the present in China on the basis of proxy 
data. The contours are modified from Shi et al. (1993), 
and the shaded area stands for twelve-OAGCM 
simulated ensemble mean differences in summer SAT 
between the MH and the PI (Unit: °C). (b) plus or 
minus sign is the same as in (a), but for annual 
humidity or precipitation. The contours denote twelve-
OAGCM simulated ensemble mean fractional ratio of 
summer precipitation changes at the MH relative to the 
PI. 
 
CLIMATE VARIABILITY AND 
TELECONNECTION 
Exploring the decadal to century timescale 
climate variability in East Asian over last 
millennium (DecCen), covering research areas 
1, 2 and 3. Project leaders are Tore Furevik 
(UoB/BCCR) and H.J. Wang (NZC/IAP) with 
Yongqi Gao (NERSC/NZC) as the coordinator, 
funded by the Research Council of Norway and 
NZC/IAP/CAS. 
The climate in East Asia is very complex, with 
profound variations on seasonal, interannual and 
longer time scales. On seasonal time scales, the 
East Asian Summer Monsoon (EASM) is 
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dominating, leading to heavy rainfall in June, July 
and August along thousands of kilometres long 
rain belts affecting China, Japan and Korea, 
encompassing one third of the world´s population. 
EASM contributes as much as 40-50% (60-70%) 
of the annual precipitation in the Yangtze River 
region (North China), so any long-term changes 
to EASM will have large implications for the 
region. On interannual time scales, variations in 
the El Nino-Southern Oscillation (ENSO) pattern 
are important. It is also known that remote 
regions, like the Atlantic and the Arctic, may 
influence the climate of East Asia through so-
called teleconnection patterns. Long-term 
changes to seasonal and inter-annual variations, 
as well as variations on decadal to centennial 
time scales - underscore the importance of 
detecting and understanding decadal to 
centennial scale variations in the East Asian 
climate, and to attributing these variations to 
natural and human-induced forcings. 
In DecCen, a novel approach will be taken, linking 
Chinese and European climate students and 
scientists, to significantly contribute to the basic 
understanding of decadal to centennial variations 
in the East Asian climate during the last 
millennium, and by that adding to the knowledge 
basis needed for a thorough assessment of 
possible changes in the climate during the 21st 
century in the region. 
 
Arctic and sub-Arctic climate system and 
ecological response to the early 20th century 
(ARCWARM) covering research area 3. Project 
leaders are Ola M. Johannessen (NERSC) and 
Lingling Suo (PKU), funded by the Research 
Council of Norway. 
Ensemble runs have been preformed with the 
Bergen Climate Model (BCM) to explore the 
mechanism which drives the Arctic early warming 
in 1920-1940. Figure 3 shows the comparison of 
the surface air temperature (SAT) anomaly 
variations in observation and model experiments. 
The similarity of the SAT variability in observation 
and in the all forcing run verifies the ability of 
BCM to reproduce the reality and to study this 
event. It is obvious that the SAT trend in natural 
forcing run dominants the SAT trend in all forcing 
run from 1910-1970. The anthropogenic forcing 
contributes little to the warming trend from 1910-
1940 and the cooling trend from 1940-1970. The 
main conclusion is that the primary cause of 
Arctic early temperature variations is the warming 
trend around 1910-1940 and cooling trend around 
1940-1970 brought by the natural factors - solar 
irradiance and volcanic eruptions basing on the 

small warming background brought by 
anthropogenic forcing (Suo, L., Otterå, O.H., 
Bentsen, M and Johannessen, O.M., to be 
submitted).   
 

 
Figure 3 11a-running-mean variability in Arctic (north to 
60°N) of surface air temperature (SAT) anomaly 

 
“Blue” Arctic Impact on East Asian Climate, 
covering research area 3. PIs are Yongqi Gao 
(NERSC) and Dong Guo (NZC), funded by the 
Bjerknes Center of Excellence/Research Council 
of Norway and NZC/IAP/CAS. 
Sea ice plays an important role in the climate 
system since its high albedo, its blocking of 
atmosphere-ocean exchange and its potential 
influence on the sea water density. Joint effort 
has been made to investigate the linkage 
between the spring Arctic sea ice and the East 
Asian Climate. Figure 4 shows that the spring 
Arctic sea ice cover is negatively correlated with 
the East Asian Summer Monsoon (EASM) Index. 
More spring sea ice, corresponding to the weak 
EASM, leads to more precipitation over the 
Yangzi River. The numerical experiments suggest 
that the spring Arctic sea ice anomaly can lead to 
the spring sea surface temperature anomaly in  

  
Figure 4 (a) Correlation between monthly North 
Hemisphere (NH) sea ice area and June-July-August 
monsoon index of Lau et al. (2000). (b) Normalized 
time series of February-March-April NH sea ice area 
and EASM index. All the time series are high-pass 
filtered by using a Butterworth filter, and only the time 
periods shorter than 10 years remain. 
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the North Pacific, which can persist into summer 
and therefore influence the precipitation in China 
(Guo, D., Gao, Y.Q., Bethke, I., Gong, D.Y., 
Johannessen, O.M. and Wang, H.J., manuscript 
in progress).   
 
Precipitation and mid-latitude storm track 
variability in China, covering research area 3. 
PIs are Benkui Tan (PKU), Nils Gunnar Kvamstø 
(GFI/UOB) and Ola M. Johannessen (NERSC), 
funded by Nansen Scientific Society 
Data is used to explore the winter cyclone in 
China and its relationship with winter precipitation. 
The results suggest that the south cyclones will 
increase the winters preciptation of the Tibet 
Plateau, northeast and center-east of China,  
the north cyclones will decrease the winters 
preciptaion of the center-east of China (figure 5) 
(Chen, L., Kvamsø, N.L., O.M. Johannessen, 
Tan, B.K., manuscript in progress). 
 

 

 
Figure 5 winter precipitation anomaly divided by its 
standard deviation for south (a) and north (b). Contour 
intervals of 4%. 
 
Greenland Ice Sheet Mass Balance, covering 
research area 2. Project leaders are Ola M. 
Johannessen (NERSC) and Huijun Wang (NZC), 
funded by Nansen Scientific Society/Mohn-
Sverdrup Center 

Annual precipitation, evaporation, and calculated 
accumulation from reanalysis model outputs have 
been investigated for the Greenland Ice Sheet 
(GrIS), based on the common period of 1989–
2001 (figure 6). The ERA-40 and ERA-interim 
reanalysis data showed better agreement with 

observations than do NCEP-1 and NCEP-2 
reanalyses. Further, ERA-interim showed the 
closest spatial distribution of accumulation to the 
observation. Concerning temporal variations, 
ERA-interim showed the best correlation with 
precipitation observations at five synoptic 
stations, and the best correlation with in situ 
measurements of accumulation at nine ice core 
sites. The mean annual precipitation averaged 
over the whole GrIS from ERA-interim (363 mm 
yr–1) and mean annual accumulation (319 mm 
yr–1) are very close to the observations. The 
validation of accumulation calculated from 
reanalysis data against ice-core measurements 
suggests that further improvements to reanalysis 
models are needed (Chen, L.L., Johannessen, 
O.M., Wang, H.J.,  Ohmura, A., 2010, in press). 

 

 

Figure 6 Mean (1989–2001) annual accumulation over 
the GrIS calculated from (a) ERA-40, (b) ERA-interim, 
(c) NCEP-1, and (d) NCEP-2 outputs; difference 
between mean annual accumulation calculated from 
(e) ERA-40, (f) ERA-interim, (g) NCEP-1, and (h) 
NCEP-2 outputs and accumulation map from Bales et 
al. (2009). Units: mm yr–1.  
 
Opposite Annular Responses of the Northern 
and Southern Hemispheres to Indian Ocean 
Warming (Li et al., 2010) 
Atmospheric circulation changes during the past 
decades exhibit a trend toward the positive 
polarity of both the Northern Hemisphere annular 
mode (NAM) and the Southern Hemisphere 
annular mode (SAM). This has occurred in 
concert with a warming of the Indian Ocean. Five 
different atmospheric general circulation models 
(AGCMs) are forced with an idealized, transient 
warming of Indian Ocean SSTA; the results 
indicate that the warming contributed to the 
annular trend in the NH but offset the annular 
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trend in SH (figure 7). The latter result implies that 
the Indian Ocean warming may have partly 
cancelled the influence of the stratospheric ozone 
depletion over the southern polar area, which 
itself forced a trend toward the positive phase of 
the SAM. Particularly, this implies that the 
dynamical adjustment in response to global 
warming will favor the recovery of ozone depletion 
over the Antarctic. 
 

 
Figure 7. (a),(b) Seasonal mean trend responses of the 
NAM/SAM index, (c) trend response of the NAO index, 
and (e),(f) northern and southern polar cap mean 
height response in the CCM3 experiments. The 
response is determined as the difference between the 
means of model years 6–10 and 1–5. Units are in gpm. 
Shading indicates statistical significance at the 95% 
level. 
 
A comparison of polar vortex response to 
Pacific and Indian Ocean warming (Li, 2010) 
Along with warming in the tropical Ocean, both 
the northern and the southern hemispheric polar 
vortex (NPV and SPV) exhibit a deepening trend 
in boreal winter-half year during the past decades. 
Although previous studies reveal that the tropical 
Indian Ocean Warming (IOW) favors intensifying 
the NPV and weakening the SPV, how the 
tropical Pacific Ocean Warming (POW) influences 
the NPV and the SPV is unclear. In this study, a 
comparative analysis is conducted through 
ensemble AGCM experiments. The results (figure 
8) show that, for the northern hemisphere, the two 
warming exert an opposite impact in boreal 
winter, in that the IOW intensifies the NPV while 
the POW weakens the NPV. For the southern 

hemisphere, both the IOW and POW warm the 
southern polar atmosphere and weaken the SPV. 
A diagnostic analysis reveals that such an 
interhemispheric difference is associated with the 
different roles of transient eddy momentum flux 
convergence. Furthermore, this difference may be 
linked to the different strength of stationary wave 
activity between the hemispheres. This result 
further implies that global warming is beneficial to 
the recovery of ozone depletion. 
 

 
Figure 8. Modeled response in zonal mean zonal wind 
to Indian Ocean (a, b) and Pacific Ocean (c, d) 
warming. Unit: m s-1.  
 

Spatial‐temporal features of intense snowfall 
events in China and their possible change 
(Sun et al., 2010) 
The statistical spatial‐temporal features of the 
intense snowfall event (ISE) in China are 
investigated over the period of 1962–2000. The 
results indicate that eastern China, northern 
Xinjiang, the eastern Tibetan plateau, and 
northeastern China are four key regions for the 
ISE, with more frequency and strong variability 
(figure 9). Annual cycle analysis shows the ISE 
exhibits a unimodal distribution with maximum 
frequency at winter months for eastern China, a 
bimodal distribution with maximum frequency at 
early winter and spring months for northern 
Xinjiang and northeastern China, and a bimodal 
distribution with maximum frequency at autumn 
and spring months for the eastern Tibetan 
plateau. Linear trend analysis indicates that in the 
last 39 years, the ISE exhibits a decreasing trend 
for eastern China and an increasing trend for 
northern Xinjiang and the eastern Tibetan 
plateau. The linear trend of the ISE is weak over 
northeastern China. Based on the simulations of 
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the most recent and comprehensive climate 
models in the 20th century run, the performance 
of the current climate models in simulating the 
Chinese ISE is investigated. The results indicate 
that, of the 20 models, there are four models that 
can reasonably reproduce the spatial‐temporal 
features of the Chinese ISE. Based on these four 
models’ simulation for the 21st century under A1B 
and A2 scenarios, the future variability of the 
Chinese ISE is projected. It is found that global 
warming will cause the ISE frequency over 
southern China to decrease, while the ISE over 
northern China will initially increase and then 
decrease. 

 
Figure 9. (a) Climatology, (b) standard variance, and 
(c) linear trend of the annual mean ISE days in China 
for the period of 1962-2000. 
 
Linkage of the Boreal Spring Antarctic 
Oscillation to the West African Summer 
Monsoon (Sun et al., 2010) 
The relationship between the boreal spring (or the 
austral autumn) Antarctic Oscillation (AAO) 
(March–April) and the West African summer 
monsoon (WASM) (June–September) is analyzed 
based on NCEP/NCARreanalysis data. The 
results show that the linkage of the boreal spring 
AAO to the WASM exhibits decadal-scale 
variations: a strong connection between the two 
appears over the period 1985–2006 and a weak 
connection over the period 1970–1984 (figure 10). 

Further analysis indicates that such an unstable 
relationship between the two results from the 
modulation by ENSO events to a large extent. A 
possible mechanism for the impacts of the boreal 
spring AAO on the WASM is also discussed. The 
variability of the boreal spring tropical South 
Atlantic sea surface temperature (SST) appears 
to serve as a bridge linking these two systems. 
The boreal spring AAO produces an anomalous 
SST over the tropical South Atlantic by exciting an 
equatorward Rossby wave train over the western 
Southern Hemisphere (SH). This AAO-related 
SST anomaly modulates the meridional gradient 
of moist static energy (MSE) between the Sahel 
and the Guinea-tropical Atlantic region in the 
boreal spring. The MSE gradient is of paramount 
importance for the changes from spring to 
summer in the West African monsoon because its 
relaxation along the seasonal cycle is linked to 
the northward excursion of the WASM system into 
the African continent. Therefore, an anomalous 
AAO-related MSE gradient can lead to anomalous 
Sahel rainfall in the early summer. When this 
rainfall occurs over the Sahel, the local positive 
soil moisture-rainfall feedback plays a crucial role 
in sustaining and prolonging this rainfall anomaly 
throughout the whole summer.  
 

 
Figure 10. Normalized time series of the boreal spring 
(March–April) AAO index (solid line) and the Sahel 
summer (June–September) rainfall index (dashed line). 
 
Sensitivities of terrestrial water cycle 
simulations to the variations of precipitation 
and air temperature in China (Wang and Zeng, 
2010) 
The quality of simulated soil hydrological 
variables (i.e., soil moisture, evapotranspiration, 
and runoff) is largely dependent on the accuracy 
of meteorological forcing data, especially 
precipitation and air temperature. This issue is 
quantitatively addressed here by running the 
Community Land Model (CLM3.5) over China 
from 1993-2002 using the reanalysis-based 
precipitation and air temperature and in-situ 
observations in the meteorological forcing 
dataset. Compared to the in-situ measured soil 
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moisture data, the CLM3.5 simulation can 
generally capture the spatial and seasonal 
variations of soil moisture, but produces too wet 
soil in the northeastern and eastern China, and 
too dry soil in the northwestern China (figure 11). 
This deficiency is significantly reduced when the 
in-situ measured precipitation data are used to 
drive the model. We constructed to quantify the 
sensitivities of soil hydrological variables to 
variations of precipitation and air temperature. 
The highest sensitivity of surface hydrological 
variables to precipitation appears over semi-arid 
regions, while the sensitivity to air temperature for 
different variables varies regionally—semiarid 
regions for runoff and soil moisture; and humid 
regions from evapotranspiration (ET, figure 12). 
Over semiarid regions, precipitation and air 
temperature are equally important to the 
simulations of soil hydrological variables. Over 
humid regions, in contrast, ET is more dependent 
on air temperature than on precipitation, while soil 
moisture and runoff are less affected by air 
temperature. 
 

 
Figure 11. Mean volumetric soil moisture (cm3/cm3) 
averaged from 1993-2002 in the top 10 cm. a) 
observation, and b) simulation using a hybrid forcing 
data (incluing: in situ measurement, reanalysis, and 
remote sensing datasets) . 
 

 
Figure 12. Mean ET differences from simulations a) 
EA07-JS06; b) CN05-JS06; c) sensitivity of ET to 
precipitation uncertainty; and d) sensitivity of ET to air 
temperature uncertainty. The value of sensitivity index 
is between 0 and 1, and the large value means the 
more sensitive.  
 

Soil moisture drought in China, 1950-2006 
(Wang et al., 2011) 
Agricultural drought severities and durations over 
China for 1950-2006 were estimated using an 
ensemble multimodel simulate soil moisture from 
four physically based land surface hydrology 
Several advanced analysis methods include 
cluster analysis and severity-area-duration (SAD) 
algorithm were applied to the soil moisture data to 
characterize drought spatial and temporal 
variability. For drought areas greater than 
150,000 km2 and durations longer than three 
months, a total of 73 droughts were identified 
during the 1950-2006 period. The duration of 50 
of these droughts was less than 6 months. The 
five most prominent droughts, in terms of spatial 
extent and then duration were identified (figure 
13). Of these, the drought of 1997-2003 was the 
most severe, accounting for the majority of the 
severity-area-duration envelope of events with 
areas smaller than 5 million km2. We also found 
that soil moisture in north central and 
northeastern China had significant downtrends, 
whereas most of Xinjiang, the Tibetan Plateau, 
and small areas of Yunnan province had 
significant uptrends. Regions with downtrends 
were larger than those with uptrends (37% versus 
22% of the land areas), implying that over the 
period of analysis, the country has become 
slightly drier in terms of soil moisture. Trends in 
drought severity, duration, and frequency suggest 
that soil moisture droughts have become more 
severe, prolonged, and frequent during the past 
57 years, especially for northeastern and central 
China, suggesting an increasing susceptibility to 
agricultural drought (figure 14). 
 

 
Figure 13 Severity-Area-Duration (SAD) envelope 
curves for durations 3, 6, 12, 24, 48 months. The 
envelopes were derived from the multi-model soil 
moisture percentiles. Colors indicate specific drought 
events. The x-axis is the drought extension area; and 
the y-axis is the drought severity.  
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Figure 14:  Annual trends in a) soil moisture percentile; 
b) drought severity; c) drought duration; and d) drought 
frequency for 1950-2006. The trends were computed 
using the seasonal Mann-Kendall algorithm. The 
different colors represent the magnitudes of the 
statistics. 
 
Preliminary results of the 973 project on the 
energy and water cycle and their role in 
extreme climate of China (Wang, 2010) 
The overall objectives, major contents, and some 
preliminary results of the 973 project “Variability of 
the water and energy cycles and their impact on 
the extreme climate over China under the global 
warming background (2009.01-2013.08)” 
[2009CB421400] were reported in the paper of 
Wang (2010). The major results contain the field 
experiments on the land-air exchange of water 
and energy performed in Dunhuang and Linze 
stations, the analysis on the variability of 
frequency and intensity of extreme climates in 
China both in the observation and the climate 
models, detections on the new approaches of 
seasonal climate prediction. The paper also 
provides the future plans of this 973 project in the 
following years. 
 
CLIMATE PREDICTION 
Data Assimilation, covering research area 6. PIs 
are Jiang Zhu (IAP) and Laurent Bertino 
(NERSC), funded by IAP/CAS and Mohn-
Sverdrup Center. 
An efficient and innovative data assimilation 
system has been successfully tested for an eddy 
resolving (12 km resolution) HYCOM model of the 
South China Sea (SCS) including tides.  The SCS 
model is nested into an Indo-Pacific HYCOM 
model of resolution 1/3 deg and receives tides as 
a barotropic term at its lateral boundaries. The 
data assimilation method used is the 
computationally efficient Ensemble Optimal 

Interpolation (EnOI) and the observations 
assimilated are sea level anomalies from satellite 
altimeters.  
It is the first time that altimeter data is assimilated 
in an ocean model that resolves both tides and 
mesoscale eddies. This is achieved by temporal 
filtering of the model output. 
The assimilation system has been tested over the 
years 1994-1995 and validated against  
independent data from surface drifters and 
temperature profiles from research cruises.  
The results are generally positive and 
demonstrate that the EnOI can be applied for 
assimilation of altimeter data in an area of strong 
tides, complex bathymetry and strong mesoscale 
activity. Figure 15 shows how the assimilation 
correctly replaces the ocean mesoscale features 
(left no assimilation, right with assimilation).  
A similar experiment is currently ongoing at 
increased resolution of 4 km for a more detailed 
description of the mesoscale currents (Xie,J.P., 
Counillon,F., Zhu, J.and Bertino, L., submitted). 
.  

 
Figure 15 Comparison of the monthly surface current 
(black arrow) and SLA (color shaded) in May 1995 in 
Ctrl and other assimilation run of Assim. The marker 
A1, A2, A3 and C1, C2, C3 denote the positions of 
anticyclonic and cyclonic eddies according to Chen et 
al. (1998).  
 
DRAGON in support of harmonizing European 
and Chinese marine monitoring for 
Environment and Security System 
(Dragoness), covering research area 7. Project 
leader is Johnny Johannessen (NERSC) with 
Yongqi Gao as PI at NZC, funded by EU. 
The primary objective of the DRAGONESS SSA 
proposal is to make an inventory of Chinese and 
European capacities of marine monitoring for 
environment and security including Earth 
observation data, in order to harmonize methods 
in the frame of international programs such as the 
Global Ocean Observing System (GOOS) and 
GMES, and investigate the potential for 
establishing and harmonizing operational services 
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contribution to the Global Earth Observation 
System of Systems (GEOSS). 
Seasonal prediction of summer temperature 
over Northeast China using a year-to-year 
incremental approach (Fan and Wang, 2010) 
We present a model for predicting summertime 
surface air temperature in Northeast China 
(NESSAT) using a year-to-year incremental 
approach. The predicted value for each year's 
increase or decrease of NESSAT is added to the 
observed value within a particular year to yield the 
net forecast NESSAT. The seasonal forecast 
model for the year-to-year increments of NESSAT 
is constructed based on data from 1975-2007. 
Five predictors are used: an index for sea ice 
cover over the East Siberian Sea, an index for 
central Pacific tropical sea surface temperature, 
two high latitude circulation indices, as well as a 
North American pressure index. All predictors are 
available by no later than March, which allows for 
compilation of a seasonal forecast with a two-
month lead time. The prediction model accurately 
captures both the interannual variations and 
upward trend of NESSAT during 1977-2007 with 
a correlation coefficient between the predicted 
and observed NESSAT of 0.87 (accounting for 
76% of total variance, see figure 16). 

 
Figure 16. The observed (solid) and simulated 
(dashed) NESSAT (±oC) during the calibration 
period from 1977 to 2008. 

 
Improving extraseasonal summer rainfall 
prediction by merging information from GCMs 
and observations (Lang and Wang, 2010) 
A new prediction approach for summer (June–
July–August) rainfall in China was designed by 
considering both preceding observations and 
numerically-predicted summer rainfall through a 
multivariate linear regression analysis. First, 
correlation analyses revealed close relationships 
between summer rainfall in parts of China with the 
Antarctic Oscillation (AAO), Arctic Oscillation 
(AO), and sea surface temperature (SST) in the 
preceding winter (December–January–February). 
The Huang-Huai Valley, two sub-regions of the 
Jiang-Huai Valley, the southern Yangtze River, 
South China, and southeastern Xinjiang were 

then chosen as targets for their regional climate 
characteristics. Following this, an extra-seasonal 
(one season in advance) regression prediction 
model for regionally-averaged summer rainfall 
was constructed by using these three climate 
factors and a three-month lead-time forecast of 
summer rainfall, undertaken by an atmospheric 
general circulation model (GCM) forced by 
observed SST, as predictors region by region. To 
improve the accuracy of prediction, systematic 
error between the original regression model’s 
result and its observational counterpart, averaged 
for the last ten years, was corrected. Using this 
new approach, real-time prediction experiments 
and cross-validation analyses were respectively 
performed for the period 2002–2007 and 1982–
2007. It was found that the new prediction 
approach was more skillful than the original or 
corrected GCM prediction alone in terms of sign, 
magnitude, and interannual variability of 
regionally-averaged summer rainfall anomalies in 
all the regions. The preceding observations were 
the major source of the prediction skill of summer 
rainfall in each region, and the GCM predictions 
added additional prediction skill in the western 
Jiang-Huai Valley and southeastern Xinjiang, in 
both of which the GCM prediction was used as a 
predictor (figure 17). 

 

Figure 17. Distribution of the correlation coefficients 
between observed and predicted percentage anomaly 
of regionally-averaged summer rainfall for the period 
1982–2007. For pure statistical method and new hybrid 
method, the predictions are derived from the cross-
validation analysis during 1981–2001 and the real-time 
prediction experiments during 2002–2007. Abscissa 
and ordinate denote respectively correlation coefficient 
and region, and the dashed vertical line corresponds to 
the 90% confidence level. 

 
A Potential High-Score Scheme for the 
Prediction of Atlantic Storm Activity (Wang 
and Qian, 2010) 
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New seasonal prediction approach for tropical 
Atlantic annual tropical storm (ATSN) was set up 
empirically by employing the preceding January-
February and April-May grid-point data for 
precipitation and geopotential height at 500 hPa 
at a resolution of 2.5° x 2.5°. The reanalysis data 
sets both of the US National Center for 
Environmental Prediction and the European 
Center for Medium Range Weather Forecasting 
were applied, thus two models were composed. 
The cross-validation for the model were 
performed by using the data of 1979-2002. The 
two models yield anomaly correlation coefficient 
(ACC) between the prediction and the observation 
for ATSN of 0.79 and 0.78 respectively, with the 
multi-year mean absolute prediction error (MAE) 
of 1.85 and 1.76 respectively. Importantly, when 
averaging the predictions of the two models the 
ACC is 0.90 and the MAE is 1.18, exhibiting an 
exceptional high score. Therefore, this new 
empirical approach may have the potential to 
largely improving the operational prediction of the 
annual tropical Atlantic storm frequency (figure 
18). 

 

Figure 18. Time series of observed (OBS) and 
predicted ATSN. PRD 1 is the model based on JF and 
AM precipitation and ERA40 GH5 (500hPa 
geopotential heights), and PRD2 is the model based 
on JF and AM precipitation and NCEP reanalysis GH5. 
PRDm is the mean of PRD1 and PRD2. The predicted 
ATSN was cross-validated for every year using data 
from the remaining 23 years. 

 
Hindcast experiment of extraseasonal short-
term climate prediction over China with 
RegCM3_IAP9L AGCM (Ju et al., 2010) 
A high-resolution one-way nested regional climate 
model RegCM3_IAP9L AGCM is established, and 
it is used to do a 20-year (1982-2001) ensemble 
experiment on the extraseasonal short-term 
summer climate prediction over China. It shows 
the hindcasted high-level climate fields such as 
500hPa geopotential height, 200hPa and 850hPa 
zonal wind from the RegCM3_IAP9L AGCM have 
positive Anomaly Correlation Coefficient (ACC) 
with the observation and better than the IAP9L 

AGCM. Except 850hPa wind field, other two fields 
with ACC passing 90% t-test show zonal 
distributions over China in the RegCM3_IAP9L 
AGCM. Summer precipitation forecast is an 
important extraseasonal forecast element, and it 
is also the most difficult to predict. As seen from 
the 20-year ACC of the precipitation percentage 
(Table 1), China’s average ACC of IAP9L AGCM 
is 0.03, which is equivalent to the results of 
comprehensive consultation of the summer 
precipitation anomaly percentage in China 
forecast from 1978 to 1995 (Chen et al., 1997), 
while the nested regional can be up to 0.05. The 
predicted precipitation of RegCM3_IAP9L AGCM 
in most subregions are positively related with the 
observation, but there is negative correlation in a 
few areas such as the Yangtze River, the north of 
the northwest and the northeast. The correlation 
coefficient of rainfall anomaly percentage through 
90% confidence level present block distribution, it 
means there is still very limited predictability of 
the summer precipitation in the model. In the 
comparative analysis of RegCM3_IAP9L AGCM 
and IAP9L AGCM, it can be found that two 
models present different hindcast levels over 
subregion of China, and the nested regional 
model has higher level in the southern part of 
China. The resolution and the physics process 
parameterization used in various programs are 
contributed to the difference.  

 Northeast North 
China 

Yangze 
and 
Huai 

Rivers 

South 
China 

North 
west Southwest China 

RegCM3_IAP9L 
AGCM -0.04 -0.02 -0.02 0.22 0.03 0.03 0.05 

IAP9L AGCM -0.16 0.03 -0.04 -0.19 0.05 -0.1 0.03 

Table 1. Spatial anomaly correlation coefficient (ACC) 
between regional summer precipitation anomaly 
percentage assembly results with the observation 
during 1982-2001 
 
CLIMATE IMPACT 
Evaluation of the effect of air pollution control 
during the Beijing 2008 Olympic Games using 
Lidar data (Yang et al., 2010) 
To examine the effect of pollution control 
measures on Beijing air quality during the 2008 
Olympic Games, this paper analyzes the variation 
of aerosol extinction coefficient observed with a 
Dual-wavelength Polarized Lidar in Beijing during 
the Olympic Games. Figure 19 show that (1) 
during the Beijing Olympic Games, the aerosol 
extinction coefficient decreased to about 42.3% in 
the surface layer (below 250 m) compared with 
that in 2007 under almost the same 
meteorological conditions, indicating the 
effectiveness of local air pollution control 
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measures in Beijing areas; (2) the analysis of the 
aerosol extinction coefficient obtained before (Jul. 
20–Aug. 7, 2008) and during the Beijing Olympic 
Games(Aug. 8–Aug. 24, 2008) shows a maximum 
decrease of daily aerosol extinction coefficient in 
layer of 0.5-1.5 km (Figure 22). To elucidate such 
a phenomenon, the transport of PM10 from 
surrounding areas to Beijing was simulated by 
NAQPMS (the Nested Air Quality Prediction 
Modeling System) during Jul. 20 to Aug. 24, 2008. 
Analysis of PM10 transport from neighboring 
areas indicated a decrease of 36.6% during the 
Olympic Games. This demonstrated the efficiency 
of pollution control measures in surrounding areas 
in improving air quality in Beijing. 

 
Figure 19. Inter-annual comparison of the vertical 
profiles of aerosol extinction coefficient. (a) Before 
Olympic Games: Jul. 20�Aug. 7; (b) during Olympic 
Games: Aug. 8�24. 
  
Impact of the East Asian summer monsoon on 
long-term variations in the acidity of summer 
precipitation in Central China (Wang et al., 
2010) 
Acid rain observed from the CMA-ARMN during 
1992-2006 showed that the summertime pH in 
China had different trends before and after 2000. 
The most significant decrease of pH is found in 
Central China (see figure 20). To investigate the 
causes of this decrease of pH in summer, we 
explore the relationship between changes in the 
pH value, the East Asian summer monsoon index, 
rainfall data, and pollutants emissions. We find 
that the East Asian summer monsoon can 
significantly affect the acidity of summer 
precipitation in Central China. In strong monsoon 
years, the pH in Central China is about 0.33 lower 
than that in weak monsoon years (see figure 21). 
Chemical transport model simulations using fixed 
emissions indicate that about 65% of the pH value 
difference (i.e., 0.22) is related to the summer 
monsoon, and constitutes 18-36% of the 
observed pH change (0.6~1.2) in Central China 
during 1992-2006. Further studies reveal a 
teleconnection between the pH in Central China 

and the rainfall in the middle and lower reaches of 
the Yangtze River (MLYR), which can explain 
about 24% of the variance of pH in Central China. 
Simulations using an annually varying emission 
inventory show that at least 60% of the variation 
in precipitation acidity in Central China can be 
attributed to changes in pollutant emissions. 
Therefore, the increase in emissions of acidic 
species is the most important cause for the 
observed decrease of pH in Central China, and 
changes in meteorological factors, such as rainfall 
and other parameters related to the East Asian 
summer monsoon, play a less important but still 
significant role. 

 
Figure 20. Spatial patterns of the changes in pHVWA 
in China during the summer time of 1992-2006(In 
southwestern China, the acidity of precipitation 
decreases significantly during 1992-2006, with pH 
increasing by 0.3-0.6 (at α=0.10), However, a 
substantial increase in the acidity of precipitation in 
summer was observed in Central China, with the pH 
value decreasing by 0.6-1.2 (at α=0.10)) 
 

 
Figure 21. Difference of pH between strong and weak 
monsoon years.(In MLYR, the pHVWA values in high 
MI years are about 0.1~0.2 lower than in low MI years. 
In CT, the difference in pHVWA values is 0.2~0.4, and 
in some areas it even exceeds 0.4.) 
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