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Abstract  Strong convective weather systems, such as tropical cyclones, are commonly

accompanied by intense rainfall characterized by pronounced spatial variability. Accurate
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retrieval of rapidly varying rainfall and related geophysical parameters therefore requires
observations with high temporal and spatial resolution, for which airborne remote sensing
provides an effective and flexible observational platform.To meet the application
requirements of the newly developed airborne wind-rain microwave radiometer (CXMR),
this study constructs a sea surface emissivity model specifically tailored for tropical
cyclone conditions. Based on in situ observations acquired by the airborne Stepped
Frequency Microwave Radiometer (SFMR), a sea surface rainfall retrieval method is
developed to provide methodological support for the application of CXMR in rainfall
retrieval under severe weather conditions.To address the overestimation of sea surface
emissivity by the FASTEM-5 model under moderate-to-high wind speed conditions (20 ~
45 m-s™), a wind-speed-dependent emissivity correction term is introduced. Under
moderate-to-high wind conditions (U > 20 m's™"), the mean bias between the corrected
emissivity model and SFMR-derived emissivity is reduced from 0.0656 to 0.007,
indicating a substantial improvement in emissivity representation at high wind speeds.In
addition, a physically more complete atmospheric radiative transfer model is established
by explicitly calculating the absorption contributions of both the atmosphere and rainfall
using a layer-by-layer integration approach. Brightness temperature simulations based on
the improved model demonstrate that the bias between simulated and observed brightness
temperatures across all frequency channels is reduced from 5.8 ~7.7 K to —1.6 ~—2.1 K,
while the standard deviation decreases from nearly 7 K to 1.6 ~ 1.9 K, reflecting a marked
enhancement in both simulation accuracy and consistency.The proposed rainfall retrieval
method is further validated using SFMR flight observations collected during multiple
tropical cyclones over the period 2014 ~ 2023. The retrieved rainfall rates exhibit a
correlation coefficient of 0.915 with the SFMR operational rainfall products, with a root
mean square error (RMSE) of 2.54 mm-h!, indicating that the proposed method achieves
reliable retrieval accuracy and robustness under tropical cyclone conditions.

Key words Tropical cyclone, Airborne microwave radiometer, Retrieval of sea surface
rainfall rate, Sea surface emissivity, Stepped Frequency Microwave Radiometer
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Table.1 = Comparison of Technical Specifications between CXMR and SFMR
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Table.2  Comparison of empirical model parameters for rainfall absorption
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Figure.2  Comparison of wind-speed-dependent emissivity responses between the

corrected FASTEM-5 model and SFMR observations
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Figure.4

Simulated brightness temperatures at six frequency channels along the SFMR flight

track during Hurricane Maria on September 24, 2017 (a), and the corresponding wind speed and

rain rate observed by SFMR (b)
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temperatures at six frequencies
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Table.4 Statistics of brightness temperature deviations before and after emissivity correction
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Table.5  Statistical evaluation of sea surface rain rate retrieval errors

G KA FR S [a] RMSE/ (mm-h") MR R FEAZL BAGE (m-st)

Arthur (20140703) 297 0.952 20969 47.64

Danny (20150823) 1.66 0.713 13166 41.81
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Figure 9. Histogram of SFMR-observed rain rate samples during Typhoon Danny
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