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Abstract The National Key Research Program on Global Change Study, “Air-Land—Sea (ALS) interactions in Asia and
their role in the global climate change” was implemented in 2010. The ALS project team has achieved many of the
program’s scientific objectives in various fields. In the field of climatic dynamics, we found that the variations of sea
surface temperature (SST) over the Indo-western Pacific warm pool are a vital driver for the interdecadal variability of
the global tropical climate and an important modulator of global-scale subtropical droughts. We found an air—sea coupled
cold-tongue SST mode in the eastern tropical Pacific and demonstrated the important role of this mode in the formation of
different types of El Nifio—Southern Oscillation (ENSO) patterns. Furthermore, we illustrated the mechanisms involved in
these patterns and their different influences on the East Asian climate. The characteristics of the thermal forcing
anomalies over the Tibetan Plateau and their possible climatic effects are explored. In addition, we proposed a new theory
of planetary waves in non-uniform basic flow, and performed preliminarily analysis of its features under different
conditions of the East Asian summer monsoon. In the field of climate prediction methods, we developed several
physically-based statistical prediction techniques or models, such as the new approach of time-scale decomposition
downscaling, an empirical North Atlantic Oscillation—ENSO-based seasonal prediction model of the East Asian summer
monsoon, and an empirical Southern Hemisphere Annular Mode-based East Asian climate prediction model. The good
performances of these prediction models provide important references for the relevant project operational divisions. From
the observational and data assimilation aspect, our achievements include the integrated ocean observation along the 18°N
cross-section in the South China Sea, which laid the foundation for the formation of China’s first long-term cross-section
observation in the South China Sea. As for relevant international cooperation, the ALS project also continues to promote
the leadership of the international programs of “Asian Monsoon Years (AMY 2007-2012)” and “East Asian Climate
Modeling,” which would enhance the international status of China in related fields.

Keywords Air-land—sea interaction, Interdecadal climate variability, East Asian monsoon, Indo-western Pacific warm
pool (IPWP), Climate prediction, ENSO
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Fig. 2 Schematic diagram showing the meridional circulation anomalies ((a) and (b)) associated with the meridional gradient of the inhomogeneous warming

of SST over the Indo-Pacific warm pool (IPWP) and associated global subtropical rainfall ((c) and (d)). (a) Boreal winter (DJF); (b) boreal summer (JJA). Blue

arrows represent the climatological mean Hadley cell, and red arrows indicate the anomalous meridional circulation associated with the variations of SST over

the IPWP. The orange shape between 20°S and 20°N indicates the inhomogeneous warming within the IPWP, and the magenta suns indicate more frequent

drought over these regions. Time series of the zonal mean JJA rainfall averaged over (¢) 15°N-25°N, (d) 25°S-15°S. ((a) and (b) from Li and Feng, 2013)
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Fig. 3 Anomalies of (a) surface wind (m/s), (b) pressure velocity (mean from 5°S to 5°N; 10 Pa/s), (c) Sea Level Pressure (SLP) (hPa), and (d) subsurface

temperature (mean from 5°S to 5°N; °C) regressed upon the cold tongue mode (CTM) index which is the normalized PC2 time series of the HadISST SSTA in

1948-2007. Shading indicates the correlation coefficients exceeding 95% confidence level. Only vectors in (a) that are statistically significant at the 95%

confidence level are shown. (Zhang et al., 2010)
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Fig. 4 Schematic diagrams showing the circulation anomalies and rainfall over South China in transition seasons (spring and autumn) associated with (a) El

Nifio Modoki and (b) El Niflo. Red/blue shaded areas indicate positive/negative SSTA. WPSH: western Pacific subtropical high. Dashed lines represent the

climatological mean circulation. Solid lines indicate anomalous circulation, and heavy arrows represent anomalous wind directions. “C” and “AC” indicate

cyclonic and anticyclonic circulation anomalies, respectively. (From Feng and Li, 2011)
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Fig. 5 Twenty-one-year running lagged auto-correlation between the Nifio3 in winter (NDJ) and that in each month of the following year as a function of year

and calendar month (a), the lagged auto-correlation as a function of calendar month for El Niflo years (NDJ Nifio3 positive) (b) and for La Nifa years (NDJ

Nifo3 negative) (c) respectively during 1946-1976 (circled) and during 1977-2002 (dotted). The areas between the circled and dotted curves in (b—c) are

shaded. (d-f) is similar as (a—c) but for the running lagged cross-correlation between Nifo3 in winter (NDJ) and the Indian Ocean Basin index (IOBI) in each month

of the following year. Dotted areas mark the 95% confidence level for the correlation in (a) and (d) and the vertical line marks the significant change year.

Thinner/thicker dashed lines in (b—c) and (e—f) mark the 95% confidence levels of the respective correlation in 1946-1976/1977-2002. (From Li et al, 2012)

2012).
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Fig. 6 Schematic chart showing the possible mechanism of stratospheric
decadal cooling in the early 1990s associated with the Pinatubo Eruption in
1991. The dashed lines indicate the possible existence of chemical

processes. (From Xiao and Li, 2011)
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Fig. 7 Schematic diagram showing the physical processes related to the decadal strengthening relationship between East Asian summer monsoon (EASM) and
ENSO modulated by spring North Atlantic Oscillation (NAO). H and L denote high and low pressure anomalies, respectively. Red and pink/cyan shaded areas

indicate positive/negative SSTA. Orange/blue shaded areas indicated the centers of the Atlantic—Eurasian (AEA) teleconnection pattern. Dashed line with an

arrow represents the track of the AEA pattern. “+ and “— indicate positive and negative geopotential height anomalies, respectively
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Fig. 8 Correlations between the East Asian summer monsoon index (EASMI) (Li and Zeng, 2002) and summer (JJA) rainfall (left), and correlations between

the summer rainfall index (RIYR) over the middle reaches of Yangtze River and summer rainfall (right). The RIYR is the averaged rainfall at stations in the red
box of the left panel where correlations are significant above 95% confidence level. Shading indicates the correlation coefficients exceeding the 95%

confidence level
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Fig. 9 (a)EASMI and (b) summer (JJA) RIYR in 2012 predicted by the NAO-ENSO based empirical model. The time series are normalized. 1979-2006 is
the period for the model fitting, 2007-2009 the hindcasts, 2010—2012 the predictions. The predicted EASM in 2012 is stronger than normal and the predicted

RIYR in 2012 is less than normal, which are consistent with the observations
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Fig. 10 (a) Schematic diagram showing the timescale decomposition (TSD) statistical downscaling model. Rainfall series (mm) of rainy season (JA) over
North China: (b) interannual component, (c) interdecadal component and (d) total rainfall anomalies. Black and green lines in (b) and (c) are observation and
model result, respectively. Bars in (d) are observation and red line is the TSD model result. The period of 1950-1990 is the training period, 1991-2008 the
hindcasts, and 2009-2012 the predictions. The predicted JA rainfall in 2012 over North China is above than normal, which is consistent with the observation
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(a) Time series of rainfall index (bars) in the first rainy season (MAM) over South China and predicted rainfall (dot solid lines) made by the preceding

DJF Southern Hemisphere Annular Mode (SAM)-based empirical model (Blue and red represent values of the model fitting and hindcast, respectively, r

denotes the correlation coefficient between the observation and model result, and s; the accuracy of anomalous sign). (b)Seasonal precipitation prediction in

spring 2012 (anomaly percentage) made by the preceding DJF SAM-based empirical model. (¢) Same as (b), but for observation
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