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Abstract: Deep-learning-based radar echo extrapclation methods have achieved remarkable progress
in the precipitation nowcasting field. However, they suffer [rom a common notarious problem—they
tend o procluce blurry predictions. Although some efforts have boen made in recent years, e
bhirring problem is still under-addressed. Tn this work, we propose three effective strategies o
assist deep-learning-based radar echo extrapolation methods to achieve more realistic and detailed
prediction. Specilically, we propose 4 spatial generative adversacial network (GAN) and a spectrum
GAN to improve image fidelity, The spatial and spectrum GANs aim at penalizing the distribution
discrepancy between generated and real images from the spatial domain and spectral domain,
respectively. Tn addition, a masked style loss is devised to further enhance the details by transferring
the detailed texture of ground truth radar sequences to extrapolated ones. We apply a foreground
imask to prevent the backgrewd noise [roim transferring to the outputs. Moreover, we also design
a new mwttic termed the power spectral density score (PSDS) to quantify the perceptual quality
from a frequency perspective. The PSS metric can be applicd as a complement te other visual
evaluation metrics {e.g TIPS to achi

» 8 comprehensive measurement of image sharpness. We
test our approaches with both Conv STM ascline and U-Nek ascline, and comprehensive ablation
experiments on the SHVIR dataset show that the proposed approaches ate able to produce much
mure tealistic radar images than baselines. Most notably, our methods can be resdily applied to any

devp-learning-based spatiotemporal furecasting medels to acquire more detailed results,

Keywords: realistic radar echo extrapolation; generative adversatial networks; style loss; power
spectral density

1. Introduction

Frecipitation nowcasting, espedially very-short-term (e.g., 0-3 h) forecasting, has
altracted much rescarch mterest in recent years, as it is heneficial to many practical ap-
plications such as thunderstorm alerting, flight arrangement, public decision making,
ete. Precipitation noweasting is mostly performed based on extrapolation of observa-
tion data, such as radar echo maps [1,2]. Traditionally, the extrapolation of radar echo
i conducted either by storm-tracking methoeds [3-3] or optical flow-based meth-
These methods often work well for capturing simple advection characteristics,
as they struggle to predict more complex evolution of the precipitation system
te.g., canvective development)

Recently, with strong power to extract features from ever-increasing streams of geospa-
tial data [8], deep learning (DL) has been successfully applied to solving remote sensing
problems, like vegetation detection [9] and building extraction [10]. For precipitation
noweasting, 1T -based methods have also achieved noticeably good performance, and
significantly surpass numerical weather prediction (NWP) and traditional extrapolation
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Zeng K, J. Z. Min*, and X. R. Zhuang, 2022. A GAN
based radar echo nowcasting model and its application in
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