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[1] Land precipitation trend from 1951 to 2002 shows
widespread drying between 10�S to 20�N but the trend from
1977 to 2002 shows partial recovery. Based on general
circulation model sensitivity studies, it is suggested that
these features are driven largely by the meridional SST
gradient trend in the tropics. Our idealized CCM3
experiments substantiate that land precipitation is more
sensitive to meridional SST gradient than to an overall
tropical warming. Various simulations produced for the
IPCC 4th assessment report demonstrate that increasing
CO2 increases SST in the entire tropics non-uniformly and
increases land precipitation only in certain latitude belts,
again pointing to the importance of SST gradient change.
Temporally varying aerosols in the IPCC simulations alter
meridional SST gradient and land precipitation
substantially. Anthropogenic aerosol direct solar forcing
without its effects on SST is shown by the CCM3 to have
weak but non-negligible influence on land precipitation.
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[2] How much and how exactly do the oceans influence
the global atmosphere and hydrological cycle? As far as
atmospheric variability, Charney and Shukla [1981]
demonstrated that tropical variability is largely forced by
boundary conditions including SST but not very much so
with extratropical variability. Limited to ENSO (El Niño
and Southern Oscillation) variability in the Northern Hemi-
sphere (NH) atmosphere, a review paper by Lau [1997]
showed with GCM (General Circulation Model) experi-
ments that tropical Pacific SSTs alone drive most of NH
ENSO variability. Another review study by Alexander et al.
[2002] clarified the nature of ENSO SST anomalies in the
North Pacific. They explained that SST anomalies in the
North Pacific are mainly a result of adapting to overlying
atmospheric forcing and the influence of these extratropical
SSTs on the atmosphere is rather small. Apart from these
modeling studies, Chung et al. [2002] statistically sought
the areas of the Atlantic and Pacific that actively force
atmospheric variability. They found that outside of the
equatorial Atlantic (10�S–10�N) and outside of the tropical
Pacific (30�S–30�N) the oceans passively respond to over-
lying atmospheric forcing.
[3] The main focus of this study is on decadal to longer

time scale trends in land precipitation in association with

SST trends. Numerous studies have already pointed to the
influence of changes in SST gradients on land precipitation.
The Sahelian drought, for example, Giannini et al. [2003]
attributed to the anomalous warming in the equatorial
Atlantic and tropical Indian Oceans, while Rotstayn and
Lohmann [2002] and Biasutti and Giannini [2006] to
changes in north–south SST gradient in the Atlantic.
Ramanathan et al. [2005] and Chung and Ramanathan
[2006] proposed that the summer-time weakening of the
north–south gradient in the tropical Indian Ocean since the
1950s has contributed to the weakening of the summer
monsoon in South Asia. Rotstayn and Lohmann [2002]
furthermore linked the relative N. Atlantic cooling to the
aerosol indirect effects. Likewise, Ramanathan et al. [2005]
attributed the weakening of the Indian Ocean SST gradients
to the large dimming by the absorbing aerosols (atmospheric
brown clouds) from South and Southeast Asia. In the
present study, we expand on these earlier studies, and seek
to understand the general relationship between SST and SST
gradients and land precipitation on tropical-to-global scales
and factor in the effects of aerosols and greenhouse gases.
[4] Figure 1 shows the linear trends of zonal mean SST

and land precipitation from observations and numerical
simulations. The trends are from 1951 to 2002 (Figures 1a
and 1b) and from 1977 to 2002 (Figures 1c and 1d). Note
that all of these and the following trends in this study are
calculated and displayed in units of change over the whole
trend period; i.e., if a 1951–2002 trend is +l.0 K it means
1.0 K increase from 1951 to 2002. For SST observation,
Hadley Centre SST [Rayner et al., 2003] is used. Precipi-
tation observation is from Climate Research Unit (CRU)
TS 2.1 [Mitchell and Jones, 2005]. Time series analysis
such as calculating linear trend might be subject to a lot
of spurious signals and artifacts in case of precipitation
observation analysis, but this problem is minimized as
zonal and annual averages are taken. To be sure, we
compared the zonal/annual mean time series of CRU product,
GPCC (Global Precipitation Climatology Centre) product
(B. Rudolf et al., Global precipitation analysis products,2005,
available at http://daac.gsfc.nasa.gov/interdisc/readmes/
gpcc.shtml#202), CMAP (CPC Merged Analysis of
Precipitation) [Xie and Arkin, 1997], GPCP V2 (Global
Precipitation Climatology Project Version 2) [Adler et al.,
2003], and precipitation analysis by Hulme et al. [1998].
Overall features were quite similar. For example, the zonal
mean trend from 1979 to 2002 is very similar between
the GPCP V2 and CRU. We chose the CRU product for its
period availability. In Figure 1, the observation trend
uncertainties are displayed with shading.
[5] The observed trends in Figure 1 (red line) provide

insight into the sensitivity of land precipitation to SST.
During 1951 to 2002, the SST increase between 0� to 30�N
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