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The relationship between the ITCZ and moisture accumulation over the eastern Indian Ocean
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Tropical eastern Indian ocean is one of the heaviest precipitation regions around the world. The climatological
precipitation maximum (ITCZ) is located near the 5° S over the tropical eastern Indian ocean. The climatological
distributions of sea surface temperature (SST) show a maximum around the equator, and the reason for the
disagreement between the peaks of SST and precipitation remains unclear. The previous study has suggested that the
SST gradient and associated horizontal wind convergence are responsible for the formation of the enhanced
precipitation region, making use of a linearized simple model (e.g, Back and Bretherton 2009). However, the
convergence of the SST-driven horizontal winds slightly shifts to the north, compared with the peak of precipitation.
Bretherton (2004) finds that precipitation increases exponentially with amounts of column-integrated water vapor
(CWV). Therefore, the present study focuses on moisture budgets in order to explain the southward shift of the ITCZ
over the tropical eastern Indian ocean. However, column-integrated moist static energy (CMSE) budget equation is
employed instead of the CWV budget equation, under weak temperature gradient assumption.

The analysis domain of the present investigation covers the areas of 84°E-93°E and 9.75°S-3.75°S (South region),
84°E-93°E and 3°S-3°N (Equator region), and 84°E-93°E and 3.75°S-9.75°S (North region). The analysis period
ranges over 15 years (from 1998 to 2012). Reanalysis datasets (ERA-Interim) are used to evaluate the contributions
of each term in the CMSE budget equation.

Results reveal that high CWV (> 60 mm) occurs more frequently in the south region than in equator and north
regions, and that the probability of positive tendency of CMSE (or CWV) is higher in the high CWV cases. In the CMSE
budget equation, the source term, which includes radiative heating and surface heat fluxes, tends to accumulate more
CMSE (or CWV) around the equator. However, advection of the MSE more significantly decreases CMSE around the

equator region than in the north and south regions.

A question on the closure of the moist static energy budget equation
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Moist static energy (MSE) is an atmospheric variable that serves as a measure of the potential energy of an air
parcel and is conserved along moist adiabatic processes under the hydrostatic balance. Therefore, it has been
considered to be a useful quantity for understanding moist convection in the tropics, where the basic state of the
atmosphere is characterized by a moist adiabat and a hydrostatic balance to the first order of approximation. Indeed,

Neelin and Held (1987) demonstrated that a simple model of the time-mean flow over the tropics can be derived



solely from consideration of the MSE budget equation. Ever since, the MSE budget analysis has been used extensively
to assess the energetics of moist convective processes over the tropics, such as the Madden-Julian Oscillation.
However, we indicate from an examination of the formulation of the MSE budget equation that the cancellation of
latent heating terms could trivialize the effect of latent heating, and as a result, overemphasize the effect of radiative
heating. Thus, we are compelled to question and call for an open debate on the validity of the assessment of relative

contribution from each of the MSE budget terms to the time changes of the MSE and the atmospheric circulation.
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Inter-comparison of the global cloud resolving models DYAMOND and beyond
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