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Research Interests and Experiences: 

 

Primary Research Interest: Data-Driven Moist Physics Parameterization  

Pioneered the integration of deep learning into climate modeling, having developed the first stable, AI-based 

convection parameterization for real-geography Global Climate Models (GCMs). My research trajectory, from 

initial 1D ResNet development validated offline against a high-fidelity Superparameterized GCM and 

integrated into a single-column model against field data (Han et al., 2020) to a full 3D model coupling (Wang 

et al., 2022; Han et al., 2023), has resulted in robust hybrid models that accurately simulate heavy rainfall and 

MJO dynamics. Participating in the U.S. Department of Energy’s (DOE’s) Scientific Discovery through 

Advanced Computing (SciDAC) program, my recent work (Han et al., 2025) demonstrated that a hybrid model 

can generate well in an unseen warm climate (+4K SST) and decadal simulations. This represents a key 

advancement for climate projection. Then, multiple strategies to reduce climatological biases at high latitudes 

in hybrid models are identified (Han et al., 2026a). Building on this, we developed another network for cloud 

cover and numbers, formed the model HyCAM, and refined the radiative heating, resulting in greatly improved 

performance, especially for precipitation (Han et al., 2026b). Later, HyCAM shows a realistic Madden-Julian 

Oscillation that matches observations, using historical SST in a 15-year simulation (Han et al., 2026c).  

 

Secondary Research Interest: Subgrid Surface-Atmosphere Coupling 

In-depth investigations were conducted to incorporate inhomogeneous land characteristics into atmospheric 



physics, specifically by implementing stochastic subgrid sensible and latent heat fluxes derived from land-

type statistics (Sun et al., 2021; Yin et al., 2023). Additionally, a novel two-way explicit subgrid surface-

atmosphere coupling framework was developed, spanning land units, ocean, and ice components. This 

framework proved essential for simulating scale-dependent processes, including urban rainfall intensification 

(Liu & Han et al., 2024) and low-level cloud enhancement over Arctic open water (Ma & Han et al., 2026). 

 

Research Skills: 

Experienced in running, code modifications, and new module development for climate models: CESM1&2, 

SPCAM, and E3SMv3. Use Fortran and Python for model development and TensorFlow, PyTorch, and 

scikit‑learn for data‑driven projects; additionally, use Python, NCL, and Matlab for analysis. 
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International Conference: 

Poster Presentation, American Geophysical Union (AGU) Fall Meeting, 2025; Oral Presentation, the 20th 

Asia Oceania Geosciences Society, 2023; Oral Presentation, the 14th International Conference on Mesoscale 

Convective Systems and High‑Impact Weather in East Asia, 2021 


