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Thermodynamic budget imbalance between the large-scale vertical
motion and diabatic heating over the life cycle of tropical convective
systems

Yi-Chien Chen' and Hirohiko Masunaga’®
!Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan
’Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan

The tropical atmospheric circulations are long known to be modulated by the
diabatic heating imposed by moist convection, but the relationship of large-scale
vertical motion with diabatic heating has not been extensively tested against
observations on a global scale. In this study, the ERAS reanalysis data and satellite
measurements from the TRMM PR and GSMaP products are analyzed to examine the
co-variability of the large-scale vertical motion and Q1 (apparent heat source) profiles
over tropical oceans. Composite time series are constructed using the precipitation
maxima identified with GSMaP rainfall as the reference for the evolution of the vertical
motion, heating, and precipitation. It is investigated with the composite time series how
the dynamic and thermodynamic processes vary over time in terms of the top-heaviness
of vertical motion and Q1 profiles. A dry statics energy (DSE) budget analysis is then
applied to quantify the thermodynamic balance between the vertical DSE advection and
diabatic heating. The analysis result is found not to precisely support the close
agreement between the vertical DSE advection and diabatic heating as theoretically
expected. Reasons for the inconsistency are discussed in light of relevant physical

processes.



When, Where and to What Extent Do Tropospheric Temperature Perturbations

near Tropical Deep Convections Follow Convective Quasi Equilibrium?

Yi-Xian Li"%>*, Hirohiko Masunaga?, Hanii Takahashi’® and Jia-Yuh Yu'

'Department of Atmospheric Sciences, National Central University, Taoyuan, Taiwan
2Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan

3Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California, USA

In a large-scale context, tropical tropospheric temperature anomaly is expected to
undergo adjustments driven by deep convection, as posited by the convective quasi-
equilibrium (CQE) theory. While prior studies have explored CQE's constraint on
temperature across various temporospatial scales, their spatial domains remained
fixed. This study, possibly the first of its kind, endeavors to assess the proximity to
moving convective systems. We identify tropical deep convections by collocating
observed deep convective core from the CloudSat satellite with mesoscale convective
system (MCS) generated by TOOCAN, an automated algorithm utilizing
geostationary satellite data. Spatial vertical correlation between the CQE reference
profile and a regression profile serves as an indicator of the validity of CQE.
Regressions of temperature at each level against the temperature averaged over the
free troposphere are calculated within a specific distance from the MCS mass center,

all relative to the peak precipitation hour, using hourly ERA-5 reanalysis data.

In such a short-time scale, a CQE-like structure characterized by a positive
correlation, can only be observed within a 1-degree range for 95% of the MCS cases,
with correspondingly low correlations. However, when conditioning on the top 1% of
peak-precipitation MCS cases, the highest correlation reaches ~0.87 and the CQE
structure remains robust within an 8- and 7-degree radius at the peak and -1 hour,
respectively. The robustness decreases to 3 degrees at +1 hour and diminishes to zero
at most other hours. Such pattern suggests that temperature adjustments might occur
just before precipitation peaks. These findings underscore the importance of
conditioning convective intensity and defining relative hours at individual grid points
to capture a pronounced CQE response induced by the top 1% of extreme

convections.
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