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Precipitation Retrieval Using IR Channels
Brightness Temperature from SEVIRI
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Abstract

This study is performed to retrieve precipitation amount using
Spinning Enhanced Visible and InfraRed Imager (SEVIRI)
from Meteosat Second Generation (MSG). According to the
relationship between the infrared channels brightness
temperature and the microphysical and optical properties of the
clouds (such as cloud top temperature, cloud top height, optical
thickness, particle size, and particle phase), and the influence
of changes in these properties on the determination of
precipitation amount and intensity, the relationship between
brightness temperature and precipitation have been studied for
two stations in Hormozgan province. The performance of an
artificial neural network and also several regression models to
estimate precipitation has been evaluated. The results showed
that the exponential Gaussian process regression model with
performing principal component analysis by RMSE of 0.44,
POD of 0.96 and the HSS of 0.67 for precipitation threshold
0.1 mm for the less than 10 mm precipitation data set have the
best performance. The artificial neural network also presented
a RMSE of 1.27 which indicates weaker performance in
comparison with the regression model but showed good
performance in distinguishing precipitation conditions from
non-precipitation conditions (POD of 0.85 and HSS of 0.48).
By comparing the correlation between precipitation and
brightness temperature of infrared channels (average 0.36),
and the correlation between observed and retreived
precipitation (0.91 in the regression model and 0.43 in the
neural network), it can be concluded that the precipitation
products which extracted in this study, show a good correlation
between observed and retrieved precipitation.
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Fig. 2- Precipitation (mm) and brightness temperature (K) time series in various channels
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Table 3- Correlation between precipitation and brightness temperature
2badgy glod 9 (p93b (ot (Siamod g5 Y Jgoa

Channel IR3.9 WV6.2 WV7.3 IR8.7 IR9.7 IR10.8 IR12 IR134
Correlation coefficient (3days) -0.487 -0.423 -0.482 -0.484 -0.481 -0479 -0.472 -0473
Correlation coefficient (41days) -0.356 -0.264 -0.375 -0.384 -0.384 -0.381 -0.376 -0.381

R*(3days) 0.237 0.179 0.232 0.234 0.231 0.230 0.222 0.224

R?(41days) 0.127 0.070 0.141 0.147 0147 0145 0141 0.145
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Fig. 4- Brightness temperature histogram in rain and no-rain conditions
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Table 4- Evaluation of two better models (for 3802 patterns)
(5N VALY (515) 532 0 93 (b )i -F Jgo

Regression Model PCA MAE (mm) RMSE (mm) MBias R R?
Exponential Gaussian Without PCA 0.22 0.64 1.000086 0.89 0.79
Exponential Gaussian ~ With PCA 0.28 0.77 0.999975 0.82 0.67
_ T a b c d POD HSS
2,588 0.1 815 478 22 2467 095 066
SRE=Q
D0 2 cy 1 275 132 67 3328 0.80 0.70
28882
S X2E 5 13 3 37 3749 0.26 0.39
O Wz=

O 10 3 0 8 3791 0.27 0.43
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Table 5- Evaluation of two better models (for 3791 patterns- precipitation less than 10mm)
(oo + 51 5iaS () =1 YYAY (gl0) 52 Jdo 93 oiowjlite] -0 S

Regression Model PCA MAE (mm) RMSE (mm) MBias R R?
Rational Quadratic Gaussian Without PCA 0.31 0.79 0.999818 0.55 0.30
Exponential Gaussian With PCA 0.17 0.44 0.99937 0.91 0.84
T a b c d POD HSS
DL c <
TLESFO 0.1 811 478 35 2467 0.96 0.67
2223838%¢
E238IsSE 1 266 74 65 3386 0.80 0.77
SEFRO0-Z
o u 5 4 0 35 3752 0.10 0.18
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Fig. 5- Scatter plot of exponential regression model
with PCA for precipitation less than 10mm
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Table 6- Evaluation of two better models (for 3754 patterns- precipitation less than 5mm)
(Fhoslyo B 51 5508 (5,L-oRI FYOF (g1 2) 5 1 Jobo 99 (ohaw L] -5 Jgun

Regression Model PCA MAE (mm) RMSE (mm) MBias (mm) R R?
Squared Exponential Gaussian Without PCA  0.24 0.55 0.999917 0.58 0.34
Exponential Gaussian With PCA 0.17 0.38 1.000057 0.85 0.72
2.5 . < T a b c d POD HSS
g.%ﬁ 5 2 g8 0.1 769 512 40 2433 095  0.64

5 Eg8=% 1 193 54 101 3406 0.65  0.69
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Table 7- Evaluation of artificial neural network
S gman omas o (i lisl Y Jgas

Neural Network MAE (mm)  RMSE (mm) MBias R R?
Train (2900 patterns) 0.32 0.94 0.731 0.62 0.39
Validation (902patterns) 0.40 1.27 0.668 0.43 0.18
T a b c d POD HSS
S %
3@ € 0.1 585 476 67 1772 0.90 0.56
s g
g’E ’g 1 106 92 147 2555 0.42 0.43
= v O
§ =) § 5 2 4 30 2864 0.06 0.10
== 10 1 0 7 2892 0.13 0.22
5 T a b c d POD HSS
2ET o1 175 176 30 521 085 048
= D
SS g 1 36 37 53 776 040 039
£5
S%s %, 5 1 1 17 883 0.06 0.1
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Fig. 6- Retrieval precipitation for 5 half-hour interval between 10:00 to 14:30UTC- 22 March 2020
respectively right to left: Regression model, Artificial neural network, and GPM product
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1- Microwave Imager & Radar Precipitation Tropical
Rainfall Measuring Mission

2- Geostationary Operational Environmental Satellite
3- Principal Component Analysis

4- Multilayer Perceptron

5- Global Precipitation Measurement
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