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Relationship Between Cloud-Top Spectral Information and Precipitation
Intensity of Meiyu Precipitation over the Yangtze-Huaihe Valley
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Abstract The optical and microphysical features of the cloud top are key information for quantitative precipitation
retrieval based on satellite spectra. With the spectral and radar observation data of the Tropical Rainfall Measuring
Mission satellite collected during the Meiyu periods of the Yangtze-Huaihe Valley from 1998 to 2007, this paper
built a random forest algorithm model that used the cloud-top spectral information of precipitating clouds to retrieve
precipitation intensity. It also investigated the relationship between cloud-top microphysical characteristics and the
intensity variation of Meiyu precipitation. The results show that in the precipitation retrieval testing set of the
random forest model, the correlation coefficient R between predicted precipitation intensity and observed
precipitation intensity is 0.67, and the root-mean-square error is 4.06 mm/h. This means the random forest model
has high precipitation prediction accuracy. In the model, the cloud water path (CWP) ranks high in the importance
hierarchy of all input variables. Further analysis shows that when the CWP is leas than 1.0 kg * m™*, precipitation
at light rain level is dominant during the Meiyu period of the Yangtze-Huaihe Valley, while when the CWP is more
than 1.5 kg * m™*, the probability of precipitation at heavy rain and torrential rain levels increases significantly. On
the whole, the probability of precipitation at all levels increases monotonically with the increase of cloud effective

radius (CER), which is mainly over 10 pm. It also increases with the increase of cloud optical thickness (COT).
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When COT is more than 120, it increases significantly, especially the probability of heavy precipitation.
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Table 1  Meiyu periods over the Yangtze-Huaihe river
basin from 1998 to 2007

Year Meiyu period (dd/mm)
1998 23/06-04/07,16/07-03/08
1999 08/06-17/06,22/06-01/07,06/07-18/07
2000 24/05-04/06,20/06-30/06
2001 17/06—25/06

2002 19/06—-28/06

2003 20/06-11/07,17/07-22/07
2004 14/06—27/06,10/07-20/07
2005 05/07-13/07

2006 22/06—11/07

2007 19/06—-26/07
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Table 2 Model input predictive factor table

Number Variable Physical meaning Number Variable Physical meaning
1 RR /(mm-+h™") Rain rate 10 SRF12 RF1 minus RF2
2 RT Precipitation type 11 STB34 TB3 minus TB4
3 RF1 Reflectivity of 0. 63 pm channel 12 STB45 TB4 minus TB5
4 RF2 Reflectivity of 1. 6 um channel 13 STB35 TB3 minus TB4
5 TB3 /K Black body temperature of 3. 7 pm channel 14 DRF12 RF1 divide RF2
6 TB4 /K Black body temperature of 10. 8 pum channel 15 DTB34 TB3 divide TB4
7 TB5 /K Black body temperature of 12 pm channel 16 DTB45 TB4 divide TB5
8 CER /pm Cloud effective radius 17 DTB35 TB3 divide TB5
9 CWP /(kg*m*) Cloud water path
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Fig. 1 0.5° grid average distribution of precipitation samples, average surface rain rate, cloud microphysics and spectral

parameters during Meiyu period over the Yangtze-Huaihe River Valley. (a) Precipitation sample number; (b) rain
rate; (c) reflectivity of 0.63 pm channel; (d) reflectivity of 1.6 pm channel; (e) black body temperature of 3.7 pm
channel; (f) black body temperature of 10.8 pm channel; (g) cloud effective radius; (h) cloud optical thickness;

(i) cloud water path
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Fig. 2 Scatter of predicted rain rate of random forest model and observed rain rate for training set and testing set.

(a) Training set; (b) testing set
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Fig. 3 0.5° grid average distribution of precipitation intensity prediction, observation and their difference. (a) Predicted
surface rain rate over the Yangtze-Huaihe River Valley from 1998 to 2007; (b) observed surface rain rate over the
Yangtze-Huaihe River Valley from 1998 to 2007; (c) difference of predicted and observed surface rain rates over the
Yangtze-Huaihe River Valley from 1998 to 2007; (d) predicted surface rain rate in orbit 9121; (e) observed surface

rain rate in orbit 9121; (f) difference of predicted and observed surface rain rates in orbit 9121
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Fig. 4 Scatter of predicted and observed surface rain rate of proposed model. (a) All the rain rate during Meiyu period

over the Yangtze-Huaihe River Valley from 1998 to 2007; (b) all the rain rate in orbit 9121
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Table 4 Statistical classification table of cloud microphysical parameters and cloud top temperature

(each segment contains only the right boundary value)

Classification CWP /(kg+m*) TB4 /K CER /pm COT
1 (0, 0.5] (0,213] (6,10] (0,30]
2 (0.5, 1.0] (213,233] (10,14 ] (30,60
3 (1.0, 1.5] (233,253] (14,18] (60,90
4 (1.5, 2.0] (253,273) (18,22] (90,120]
5 (2.0,+0o0) (273, +o°) (22, +o] (120, +c2]

AN B FIESHU RS T A& K58 B AR
K5 iam, CWPTEO0.5~1.0 kg » m B A, /D
MAHE R K LE 5 ()], 24 CWP 4 F 1. 5~
2.0 kg e m * BF, oAl 4 ST AGME SR G K, X 1
B4 CWP /NT 1 kg« m ° I, VIR IR K 32
BN E LS CWP K F 1.5 kg » m ° B, K
T R RN A A /KBRS I B 1 K, FR &1 5 (b)Y AT, Y
TB4 &b F 233~253 K W FIS, IR A A= T/
T AR MRS A5 R, TG 24 TB4 A9 St /)N , g T 30
et 7K A ABE 258, B ok JB A, v R A I /R AE 213~
233 K, 2 M AR R B W I /R 7F TBA<<213 K
ML N . ST S DL v B2 B s Y VKR = BB A 7 2
SRIEHRAYFEK . 4T CERLIE 5(0) ], 4 & K
) CER K/NFEEALF 10 pm LA F AT L B KA
MK LK% CER Mg KIS . I 5(dD

AL, 3T =62 BB COT, 4% 9 [ K BE R Bl %5
COT MR K, 24 COT ARTF 120 B, 4%
O34 N AT /N R (1 /N TR R R S R AR K A AR
RIS COT KT 120 B, 25 G R AK B4 % b 3
s U HIE R IROK

FEKIREE . =M PR SHS = T B A&
B 6 iR . TER] 6Ca) Hh o Al TR I Hb 38 1 15 B K 5k i
Wit 255 988 7K 2 T e B o AR 11 52 4 2 /0N DK AR 2 B
R i B 2 0 K IR A A = A == 3 B o
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Fig. 5 Probability distribution of precipitation intensity at different levels (light rain, moderate rain, heavy rain, torrential

rain, extra-torrential rain) under different cloud characteristic parameters.
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