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Abstract

Abstract

Precipitation at various scales in the atmosphere is crucial for the water and energy cycle,
and it also have an important impact on human activities , particularly the productivity of
societies. Extreme weather and secondary geological hazards triggered by precipitation can
lead to significant losses in terms of life, property, and economy. Therefore, it is essential to
monitor precipitation activity comprehensively, accurately, and in a timely manner.
Precipitation observation and identification, including the intensity and extent, can not only
provide critical information for studying precipitation development mechanisms but also aid
in disaster mitigation and prevention, ensuring stable social development.

Currently, precipitation retrieval algorithms based on the infrared channel of
geostationary satellites has a wide range of applications in operational meteorology. With the
continuous development of artificial intelligence technology, new precipitation intensity
retrieval methods and quantitative precipitation estimation models are proposed based on
machine learning (ML) or deep learning (DL). However, many studies have shown that
although ML/DL technologies have achieved good results, several problems still exist, such as
underestimation of precipitation intensity in the retrieval, incorrect prediction of precipitation
zones and blurring of the output contours. In this study, Himawari-8 geostationary imager
observations and GPM multi-satellite precipitation estimate (IMERG) information for the
summer season in southern China are used. The target dataset of GPM IMERG needs to wait
for 3.5 months to be obtained, while the data of Himawari-8 can be obtained in real-time.
GPM data is essentially a 30 minute precipitation intensity, which is the average precipitation
within 30 minutes. Himawari-8 inversion of precipitation advantages can achieve
precipitation intensity of 30 minutes per 10 minutes, filling the gap in surface rainfall gauge
data to some extent. The Himawari-8 satellite data has higher horizontal resolution and can
provide a more refined description of precipitation activities. Although GPM IMERG
precipitation products are close to real precipitation, the timeliness and resolution of the data
are difficult to meet the needs of existing precipitation observation operations and research.
Therefore, GPM IMERG is used as the baseline data of precipitation in this study, and

Himawari-8 data is used for grid to grid point reflection to generate high-resolution, timely,
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fast and effective satellite precipitation data. Based on the advanced deep learning algorithm,
a precipitation inversion model for the infrared channel observations of the Sunflower 8
geostationary satellite was constructed. Sensitivity studies for different observation channels,
times and periods of input satellites and deep learning models were carried out. And a new
depth model structure is established to effectively improve the inversion accuracy of
precipitation intensity and extent.

In this paper, a machine learning training set of 9 infrared channels of bright temperature
data and GPM IMERG half-hourly average precipitation on the Himawari-8 geostationary
satellite from 2016 to 2019 was constructed and then divided into a training set (5352 samples
in total), a validation set (1784) and a test set (1784). The U-Net model, the most widely used
and stable deep learning technique, is chosen to analyze the contribution of different IR
channels of the Himawari-8 satellite to the precipitation estimation. The retrieval results of
single and multiple channels are compared, and it is found that the Channel 13 yields better
results. Subsequently, the accuracy of model outputs with the input of single-moment
observation and the input of multiple-moment combinations is compared, and it is found that
the latter did not improve the accuracy of the inversions. Finally, to further improve the
precipitation prediction, the accuracy of three different DL models is compared, including
U-Net, pix2pixGAN and ConvMixer. The results show that pix2pixGAN is the best model,
but its output still suffers from omission and underestimation. In order to further optimize the
inversion effect of pix2pixGAN, in this paper, we construct a B-pix2pixGAN model based on
the pix2pixGAN model of the two-step forecast method to improve the accuracy of
precipitation inversion.

Keywords: Precipitation retrieval, U-Net, CGAN, Deep learning, GPM IMERG,

Himawari-8 satellite
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2.2.1 U-Net HEI N4

& 2-3, U-Net BB 2 — Rt K4 BRI M (FCND , H1 T HEs L7 &)
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fiEFE REE I 1A%, RHE R B TR N— . AR AR, BT | I
FRUHRAE, REAE B (B TEHOH Y, 1K SERI A . U-Net 1582813 K 1% 4% (skip-connection)
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R mh 2% S BRI AL Sy AT AR, (AR A RS N R S0E BN (5 B L 515
SIS HAR 89 P B EE R B

2.2.2 ConvMixer PEEI /A

Convmixer f%4 2 Google Brain H|FATE 2021 42 H ) B AR & N g 1514, -2
TEIUE KA (K 2-4) . Convmixer B 52 Vision Transformer (ViT) JE&, KA
HIE TR N2 AT, JER AR HTE AT, ARJERIA 1 x 1 B RRSE B E £ (5 2
AEH., MIA A REREE B o thhth, R HIZRALT Transformer ) MLP i
KAG BT AR L Ve R IR BE ) o AT TR 1 BRI Ui, AR AR ERE K Sy I 2R B
R4f.
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SR, Convmixer BEALKE A5 ARARZE WY 2% Al Transformer W45 [ HAAHLE &, i
B> WIS HORTa 2 2k, fE BB RAESS EUS TIRIFRIMERERIL, JFaET 2
IR FH AT, A2 BTG AR M R BN Jedt AR . AT SR IS B K — 4l AT
T, s i E — B AR O B AR R, JRR M AR R .

2.2.3 pix2pixGAN &I /-4

pix2pixGAN & —FhIE T Bt i 4 (GAN) HEGRI AR (B 2-5) , RETF
CA BB AIEAY, pix2pixGAN & —Fh 25 fF AL et A, ] DLAR AR 25 7 1R 2% 0 A L
AT RAE R EREEE, w2 N T EGERE. BGRES PR BIUIGARGTRE &0
B, MBS T AR T % . JEAh, pix2pixGAN H A 38K (¥ KUk IE# 6 771,
5 s 1) R BA v P R

BirE=
LRSI > 4EpLEs >  ERERE - #8088 | FBISERSE
Y
BirE=s o =227 S

Bl 2-5 pix2pixGAN #5274 [ 4 1) P

pix2pixGAN %0 AR R AT FH PR MR E AP I 28, — DN AR A — AN 8, T
56 42k 58 MG BE BEAT 55 o A s IO F R B A\ 1) BBt — R A IR L OB AR
TRFETERE R, AR RCH AR BB . T A Sl 8 ) S5 DX 20 A s A A MR S SR 1 H A
FMG 2 B 22 5, MM T8 28 RS AW AT etk o J s A= pleai R 0 2 ELAR TR, AN
PRI R FE AN S, AT B B = I R A SR . [T, Dy T S SR R A
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SR, 5 HE GAN BiAYAH[E], pix2pixGAN WAEAE LN AR, 56, A sdnil g
TEKERPEREARE], SESHIEEERER, SEREM Rz AL . FH
B, AT I ZRick FE A 25 S H BIURE B Y O Bk P IR E S I @, 75 BRI — R AT

BEAT IR

2.3 RIRGE R TG T VA

AT FTIR T 0T B JUAS AN AT R AL IR EE ARG BT A, 38 75 K A 2
IS5 A GPM IMERG %4 3047 52 0 L ARG 56 o IR X R RATTBIN T A SRS H
FI ISR #%, Horb R EA SR frh 2 (POD) . %% (FAR) . I AR I8 % (CSD.
HSS ¥¥43+ ETS ¥4 #lfli % Bias.

T 51 LR VE E bR, AT TR [ I8 A1 GPM IMERG 7K B RHI G FL AT 4
BT 43, BB A RN 2 W I B 7K S B ORI PP AT L o AR SRR B FE A vk 57532
g 2-2 fiow .

R 2-2 FEARIR ARV B 3

B A3 JwH A
i oz a
POD = PO [0, 1] 1
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b
e % (False-alarm ratio) FAR = —— (o, 1] 0
a+b
I FE B T 48 24 a
CSl = T [0, 1] 1
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. —d + +
ETS 1¥5> ETS=— o _aro@-h)
a+b+c—dr atb+c+d [_y/3 1] 1
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. +b
fhi2 (Bias) Bias = - [0,00] 1
a+¢C

i, a o BRBRIEG T, WG b LR RIEIGT, WG ¢ 9 RIEH R,

MM d R R BHTE, TS
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batchsize: 128. A 7 LRIFAEIIZIS R h A LI ARG RIFHS5 A, 8 H TR A ETS
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