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RAINFALL ESTIMATION FROM GMS INFRARED IMAGERY DATA

By Pingping XiE and Yasushi Mitsuta

Synopsis

A new method is proposed for estimation of rainfall in mid-latitudinal area from
GMS infrared imagery data. This method is developed by using the satellite and
gage data in 5 areas of about 10*km’® with similar meteorological conditions in
Japan, taking account of the different features of rainfall from various types of
clouds. In this method, cloud is classified by IR-parameters into six types, S(Clear
Sky), F(Fine), A(cumulus), B(Cumulonimbus), C(Middle Clouds) and D{High
Clouds), by using the discriminate analysis technique. The cloud types, S, F and D
are assumed to be no-rain cases. In the case of A, B and C, the rainfall is assumed
to be proportional to the cold cloud fractional coverage (FC), for which the propor-
tional constant is determined by the regressional equation between FC and 3-hr
rainfall, where the threshold value to define FC are determined to give the highest
correlation between them. This method gives a good rainfall estimation for 24 -hr
rainfall with the correlation coefficient of 0.65 and relative root mean square error of
0.94. An application of this method to Hokkaido area also gives a good estimation
of 24 -hr rainfall if an adjustment factor is introduced, suggesting a possible
application of this mothod to areas with different meteorological conditions.
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Table 1. Cloud type definition

SIGN | CLOUD TYPE DEFINITION
S Clear Sky CA*< 03
F | Fine 03 = CA <07
A Cumulus CA = 0.7; Significant Cumulus
B Cumulonimbus | CA = 0.7; Significant Cumulonimbus
C Middle Clouds |CA 2 0.7; Significant Middle Clouds
D High Clouds CA = 0.7, Significant High Clouds

* : Total cloud amount estimated from GMS infrared data by TTM

Table 2. Selected infrared cloud parameters

NO. Parameter Definition

P. | Coefficient of Variation (S.D./Mean)

P. | Difference between Tw at 90% and 10% points in a cumulative histogram
P; | Difference between Tss at 50% and 0% points in a cumulative histogram
P. | 909% value in a Roberts Gradient histogram

CA:‘ﬁZfi ................................................................................................... '©))
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1 A & C R EEMITHIT, 2BIORLLIBERDF - ZHVTHELBRREDOL ST
EE153,

2.68+10° —3.41107" 1.14+107' 3.96+ 107"
A=| 128" 10 —1.71+10° 2.43+107" 4.5710° |\ 6)
2.86+10° —3.66107" 1.42+107" 3.90«10°

1.60+102 —1.67+107" 2.90+107" 1.07+10°
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Fig.1. The correlation coefficients between gage observed rainfall and IR cold cloud
fractional coverage (FC) on various temperatures over time scale from 1 to 24 hr.
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KEU25K &5-TWa, EFE TYPE| THRESHOLD | REGRESSION EQUATION
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Table 4. The comparison between the IR estimation and gage observation®

PERIOD KANTO KINKI SETONAI SANIN KYUSHU | 5 AREAS
3 HR 0.46 0.59 0.47 0.32 0.41 0.43
2.35 1.78 2.22 2.51 2.62 2.29
6 HR 0.54 0.65 0.53 0.39 0.59 0.52
2.10 1.85 1.92 2.14 2.07 1.95
12 HR 0.69 0.78 0.65 0.66 0.83 0.68
1.55 1.31 1.30 1.25 1.22 1.36
24 HR 0.52 0.82 0.69 0.79 0.82 0.65
1.49 0.85 0.94 0.77 0.85 0.97

*) The statistics on the upper and bottom are correlation coefficients and RRE (Relative Root Mean Square
Error) between the IR estimated and gage observed rainfall, respectively. RRE is defined as follows:

[E(R—EJ!/N]*
ZR/N

RRE=

where Ri, Ei are the gage observation and IR estimation respectively, N is the data number.
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Fig.2. Time series of the gage observed rainfall (dashed line) and IR estimation (thin
line), with intervals of a) 3hr, b) 6hr, ¢) 12hr and d) 24hr respectively, for Sanin
area for the period from 3 to 11 Sept. 1980. The cloud types derived from ground
observation and IR data as described in Xie® are also listed in the lower and
upper lines above a). Signs of 8, F, A, B, C and D denote Clear Sky, Fine, Type
A, B, C and D, respectively. Sign M includes Mixed A, B, C and D.
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Fig.3. Scatter plot of the gage observed rainfall

and IR estimation for 24hr for the all 5
areas.
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Fig.4. As in Fig.3, except for the gage observed rainfall (dashed line), unadjusted (thin
line) and adjusted (thick line) IR estimation for Hokkaido area.
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Table 5. The comparison between the IR estimation EPORMBEEIR, FATF—SIcL3
and gage observation for Hokkaido area BIEHEEED ) FERME & A B

PERIOD UNADJUSTED | ADJUSTED REHE (24 B35 & RRE=5.07) &
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6 HR 0.5 o 0.78) B->TWV3, ThoHOMRIRERE
7.41 1.86 HEBIZA LD OREBERK FEF
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9% RMS 22 (RRE) #50.97 THEM L WHEREL > TV 3, ,
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eI & ftho 5 R B 1 2BKBERIMEOLTER Lt EBEEYK F=0.19) 2> TFTIEL&
%, RRE #5094 &1 57,
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