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Abstract: Objectives: High-resolution precipitation data is one of the important basic data for
studying water and energy cycles at regional scales, but the spatial resolution of existing
precipitation products cannot yet meet the needs of regional refinement studies. Methods: This
paper makes full use of the high spatial resolution (5 km) feature of the fused precipitation data
(CMPA) from the National Intelligent Grid Live Analysis product to construct a two sets of super-
resolution reconstruction model based on Generative Adversarial Networks, which is applied to the
spatial downscaling of the IMERG (The Integrated Multi-satellite Retrievals for GPM) daily
precipitation data and ERAS (The fifth generation ECMWF atmospheric reanalysis) daily
precipitation reanalysis data, respectively. The final high-resolution IMERG daily precipitation
product (0.05°) and ERAS daily precipitation product (0.125°) were obtained and the accuracy of
both downscaled data was evaluated using measured meteorological station data. Results: The
results show that (1) The super-resolution reconstruction model based on CMPA data can be used
for spatial downscaling of other precipitation products. The reconstructed IMERG products and
ERAS products show different degrees of improvement in all accuracy indicators. (2) The model is
able to effectively retain the essential data characteristics of the CMPA data. The reconstructed
IMERG product and ERAS product are more closely matched to the CMPA data in terms of CC,
POD and Bias, with higher overall accuracy. (3) The effect of model reconstruction is influenced by
the spatial resolution and accuracy of the original data, as well as the correlation between the original
data and the CMPA data. The higher the spatial resolution and accuracy of the raw data, the better
the correlation between the raw data and the training data set, and the better the downscaling effect.
As aresult, the application on the IMERG product is significantly better than the EARS product. (4)
The GAN model constructed in this paper outperforms the MF and RF models in terms of
applicability to IMERG daily precipitation data, and its detailed reconstruction is better. Compared
with the original IMERG data, the accuracy statistics of the GAN reconstructed daily precipitation
in the three time dimensions of year, season and month are mostly improved, which indicates better
model stability. Conclusions: Therefore, the GAN model constructed in this paper is able to provide
a more refined precipitation distribution and is of some research value.

Key words: GAN; Super-Resolution Reconstruction; CMPA; IMERG; ERAS5; Precipitation
Spatial Downscaling
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Tab.2 Accuracy Assessment of CMPA with IMERG and ERAS Respectively on 16 July 2019

IMERG-CMPA ERAS5-CMPA

J5i IMERG  HEH# )5 IMERG 55 ERAS #H## J5 ERAS

cC 0.698 0.740 0.435 0.454
Bias 0.084 -0.064 0.377 -0.139
POD 0.737 0.776 0.586 0.721

5 L8 RN ZRAH o B ROR AR, AR SCIX = H B K8 ik B 2019 46 1 H 2 10
H [ 699 Nuli sl Frxt N, HIBRSEIEAN S H R, SEOREE 198383 Xtk &tk #t—
A CMPA %85 IMERG H Ff/KEE A ERAS H /K BRI 8] Fp 71 AR DG . 4521
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& Z IR I SRR 55.6%, 3X 02 3 HUE @ AR A W1 IMERG FK Bl 1) J5 K 2 — . 45 |,
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Fig.6 Daily Precipitation Scatter Plots for CMPA with ERA5 and CMPA with IMERG
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Fig.7 (a)Original IMERG (0.1°), (b) Downscaled IMERG (0.05°) by GAN, (c¢) Downscaled IMERG (0.05°) by
MF and (d) Downscaled IMERG (0.05°) by RF in the Chinese Mainland on 29 July 2020
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Fig.8 Comparison of the Details of the Precipitation Fields of (a) the Original IMERG, (b) the GAN, (c) the MF
and (d) the RF
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Fig.9 Comparison of Samples and Their Reconstructed Precipitation Fields
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Tab.3 Average of Accuracy Assessments for IMERG

=L 546 IMERG GAN MF RF
ccC 0.574 0.576 0.554 0.582
Bias 0.227 0.127 0.242 0.253

POD 0.547 0.618 0.540 0.574




10 JR#A IMERG 5 = M R B4 RIAN T35 /iR A A REIZE E
Fig.10 Average Deviation of the Original IMERG Data and Three Downscaling Results Relative to the Site Data
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Fig.11 Evaluation Indexes of the Original IMERG and Its Reconstruction Results in 2020
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Fig.12 Average Deviation of the Original IMERG Data and Its Downscaling Results Relative to the Site Data for
Each Quarter of 2020
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Fig.13 Evaluation Indexes of the Original IMERG and Its Reconstruction Results at Monthly Scale in 2020
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