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RESEARCH INTEREST

My interests are especially in understanding spatio-temporal variation of rainfall and
atmospheric convection, the underlying physical mechanisms, and how they will respond to future
changes of climate systems. To answer the scientific questions, | use extensively observational data
of earth systems from both climate research sites and satellites, and do experiments the hierarchy of
numerical models to test scientific hypotheses.

The atmospheric convection transports heat, moisture, and momentum vertically, driving
atmospheric circulations in the tropics and distribute energy across multiple time scales, from diurnal
cycle to interannual oscillations. Given its multi-scale nature, it is very difficult for climate models to
represent detailed processes, variations, and feedbacks of convection. Models also have difficulty to
provide rainfall with confidence which are coupled closely with surface processes and hydrological
cycles. Findings from my research also focus to evaluate and improve the representation of rainfall
and atmospheric convection in climate models. Better model capability will further lead to
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improvements of weather forecast, climate projection, and many societal and economical
applications.

RESEARCH HIGHLIGHTS
1. Understanding key mechanisms of intense nocturnal rainfall events over topographical
regions

Our study explores the key mechanisms for nocturnal intense rainfall events over coastal
regions, topographical regions, and adjacent plains. Such raining systems are difficult for climate
models to represent their strength and variability. Using onsite observations from the Department
of Energy (DOE)’s Atmospheric Radiation Measurement (ARM) programs and experiments with
single-column version of climate model, we found the initiation of uplifted convection needs to
be included in climate models to capture nocturnal raining events [l Experiments with
global-domain models further show the control of large-scale moisture convergence contributing
to the uplifted convection B,

Reference: [8] Wang et al., 2015. [3] Wang and Hsu, 2019.
2. Developing physical parameterization in Taiwan Earth System Model (TaiESM)

TalESM is the in-house earth system model developed in RCEC. Based on the previous
study in convection initiation, |1 have assisted the new-developed convective triggering in
included in TaiESM. Performance of diurnal cycle is found to be better improved as suppressed
spurious daytime rainfalll’® | also assisted on revising the cloud fraction scheme
GFS-TaiESM-Sundqvist scheme in TalIESM. This scheme provides utilized consistent cloud-RH
relationship and improves simulation of cloud fraction and many climatic fields in the global
models(?],

Reference: [10] Lee et al. 2019. [12] Shiu et al. 2020
3. Understanding impacts of large-scale interaction on convection initiation and rainfall
variability in climate models (Collaborative work with LLNL)

Our study studies how the large-scale interaction on convection initiation and rainfall
variability from observations and gains support to use the large-scale dynamic convective
available potential energy (dCAPE) trigger design in climate models. Combined with an
unrestricted air parcel launch level (ULL) criteria, the dCAPE trigger is able to relax the
unrealistic strong coupling of convection to surface heating and capture nocturnal elevated
convection. Both case study and statistical analysis are conducted using the observations
collected from the DOE’s ARM program at its Southern Great Plains (SGP) and Manaus (MAO)
sitesl!l. They show that dCAPE has a much stronger correlation with precipitation than CAPE
and ULL is essential to detect elevated convection above boundary layer under both midlatitude
and tropical conditions and for both afternoon and nighttime deep convection regimes. We also
found similar improvements in the climate simulations of the Exascale Energy Earth Sytem
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Model™. This part of work is collaborated with the Lawrence Livermore National Lab (LLNL),
United States.
Reference: [1] Wang et al., 2020. [2] Xie et al. 20109.
Evaluating performance of diurnal rainfall cycle in climate models: Transport AMIP and
CMIP6

Diurnal rainfall cycle is an important testbed for evaluating model physics, especially for
raining processes and associated atmosphere-land-ocean interactions. The international
collaboration of the Clouds Above the United States and Errors at the Surface (CAUSES) project
aims to understand the cause of diurnal rainfall and surface temperature biases over the SGP of
United States. By joining in CAUSES intercomparison, experiments with TaiESM facililitated
diagnosis for bias identification and future developments to reduce model uncertainties®™%1. The
ongoing Coupled Model Intercomparison Project Phase 6 (CMIP6) activity also provides a great
opportunity to understand model physics. Using two EOF modes derived from satellite
observations, we evaluate the performance of climatological diurnal rainfall cycle and they are
bifurcated into two groups. The “good” models show significant improvements in land-sea
contrast of coastal diurnal rainfall regimes represented by the 2nd EOF. They exhibit better
performances in their representation of suppressing daytime rainfall associated with EOF2[*,
Reference: [5] Van Weverberg et al., 2018 [6] Ma et al., 2018 [7] Morcrette et al., 2018 [11]. Lee
and Wang, 2020.
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