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[1] The East Asian summer monsoon greatly influences the lives and property of about a
quarter of the people in the world. However, the predictive skill of the monsoon is
very low in comparison with that of the Indian summer monsoon because of the
complexity of the system which involves both tropical and subtropical climates. Previous
monsoon prediction models emphasized ocean factors as the primary monsoon forcing.
Here we show that preseason land surface cover is at least as important as ocean indices.
New statistical forecast models of the East Asian summer monsoon using land cover
conditions in addition to ocean heat sources double and triple, respectively, the predictive
skill of the northern and southern East Asian summer monsoon forecasting models
relative to models using ocean factors alone. This work highlights the, as yet,
undocumented importance of seasonal land cover in monsoon prediction and the role
of the biosphere in the climate system as a whole. We also detail the physical mechanisms
involved in these land surface forcings.
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1. Introduction

[2] The East Asian summer monsoon (EASM) involves
both tropical and subtropical/midlatitude weather systems
including cross-equatorial airflow and the Mei-yu,
Changma and Baiu frontal zones [e.g., Tao and Chen,
1987; Chang et al., 2000; Wu and Wang, 2002; Wang and
Li, 2004; Lee et al., 2005; Lee et al., 2008a]. The complex-
ity of these varied influences has resulted in low predictive
skill in the forecasting of the EASM. In this study, we
consider the regions of the northern and southern EASM
(NEASM, 30��50�N and 110��145�E, and SEASM,
20��30�N and 110��145�E; see Figure 1a) covering east-
ern China, the Korean peninsula, Japan, and the adjacent
marginal seas [Lee et al., 2005; Lee et al., 2008a].
[3] Physical properties of the land surface of the Asian

continent may directly and indirectly affect the EASM
circulations by affecting the land-sea heat contrast [e.g.,
Webster, 1987] as well as by supplying moisture through the
southwesterly airflow passing southern Asia, originating in
the Indian monsoon region and northern Australia and its
neighboring sea regions [e.g., Yihui, 1994]. For example,
Meehl [1994] used a number of general circulation model
simulations to examine the influence of the land surface in
the Indian summer monsoon and concluded that lower land-

surface albedo contributed to a greater land-sea temperature
contrast and a stronger Indian summer monsoon due to
warmer land temperatures. Land-surface conditions can also
be associated with positive internal soil moisture feedback,
i.e., a moisture source for reinforcing monsoon rainfall.
Prior studies suggested that land use/land cover changes
over the subtropics, i.e., Mongolia [Xue, 1996], east China
[Fu, 2003], and Indochina peninsula [Sen et al., 2004],
could impact on the EASM. While these model simulations
indicate the importance of land cover changes, no observa-
tional support for these model results has been reported.
Here, we extend Lee et al. [2008a] by applying the linear
regression framework used to develop the EASM forecast
models using ocean factors alone to that using both ocean
and land factors. The major objectives of this study are (1) to
determine the relationships between EASM rainfall and
vegetation activity in the surrounding regions that influence
monsoon strength; (2) to provide plausible physical mech-
anisms to explain the relationships; (3) to determine the
relative influence of land and ocean factors on the monsoon;
and (4) to facilitate better seasonal forecasting of the sub-
EASMs in terms of adding land cover indices.

2. Data and Methodology

2.1. Data

[4] Normalized Difference Vegetation Index (NDVI)
observations are obtained from the NOAA Pathfinder
Advanced Very High Resolution Radiometer (AVHRR)
products [Tucker et al., 2005] (downloaded from http://iridl.
ldeo.columbia.edu/expert/SOURCES/.UMD/.GLCF/.GIMMS/
.NDVIg/.global/ndvi/streamrescale/-999/setmissing_value/
dods) and are used as an index for land cover. AVHRR
NDVI data have been used extensively since 1981 to study
a variety of global land processes [e.g., Townshend, 1994;
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