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RAINFALL ESTIMATION FROM GMS INFRARED AND
VISIBLE IMAGERY DATA

By Pingping Xig and Yasushi MiTsura

Synopsis

Rainfall estimation in midlatitude by the use of geostationary meteorological satellite (GMS)
infrared and visible imagery data was studied. A preliminary study of the relationship between
ground observed cloudiness and rainfall reveals that the upper layer cloud like cirrus causes no
rain and that rainfall by convective cloud is roughly proportional to the cloud amount. The rela-
tion between types of clouds and IR— VIS 2-dimensional frequency distributions shows that upper
layer cloud can be identified by the peak with an albedo less than 0.4, and that the ground
observed cloud amount is well proportional to the fractional coverage of the satellite data. Based
upon these results, a twe-step rain estimation method is developed; determination of rain/no-rain
by peak position, followed by calculation of the rainfall with regression equation using theé frac-

tional coverage.
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IhOLDEEEZEDEBEEL2AS (Tablel) OHEEIZE > TV HEF (Cloud Form), Z& (Cloud
Amount) & LR ZNFERE LT, BEWRE (RFNOFE
2at) YMOLMERL L. Table 1. The list of the used data.

GMS 2 i3 TR ARG e (VISSR) 2558 S No. Date IR DATA | VS DATA
hTBY, ZoBREERIIFRN (10.5—-12.5:m) B & L | 8. 9 3 3 3
UT4R (0.5—0.75pm) THBHo GMS 1119864  Tid— 2 4 8 3
H 8 EEM LTV A ATHRF © ¥ R VDT — 5 HFIET X 3 5. 8 3
BDIRE O 00Z (09JST), 03Z (12]ST) & 06Z (15 4 6. 8 3
JST) @ 3EETTHEH, HBEOHFNT —F120—-2555T 5 7. 8 3
D256 AL, T T — ¥ 130—63F TD64 L ~ VD Digit- 6 8. 8 3
al Count (LLF DC L WERR) WCBFLEh, MT M 7 9. 8 3
nTwab, 8 10. 8 3

AEOREII - HE T — & EARIM05E & THI9E 9 11. 5 3
S Chbo MEDERERBT 210, T—R - Ly Y 10 ] 82 7.23. 1 )
BT X BEBERED £ A0, Amonowr | : ,
JEFE % 5 S BI{EERE (Line, Pixel IS L, BB 13 é ) )
LB ORET — 5 % MT 54l h i LTRA L7, ul 101 _ ]

W& F— ¥ 13, HE DC % Calibration Table (MT & 15 2. - -
HFEIEHEINTVWE) 2AVTHESHBEEEE Tew i 16 3, - -
EHL, THOBEIITEERED DC ¥ KEOEEH S 17 4. - -
2 % B TES I/ Calibration Table # W T 7L~ }‘ 18 5. - -
alZEHL, XHIZZDTANRIFKBEEIZL - TEAL 19 6. - -
THEIAPLORBEEA 2 I LTRO)D &) HIE 20 7. - -
L, Bm#E{LT VAR E A ZRD, 21 8. - -

22 9. - -
A=/ COSZ errrr et (1) 23 83. 7.22. 5 _
cosz=sin@*sind +cos@-cosd *cost*"* (2) 24 23. 2 2
25 8 7. 7 2

CIT, o3I EOEE, & dKBEORE, i3 KB 2% 8. 8 3
DHBETHD, BE o HRERROTLMEL LY, XB N ) )
AR o DEIHEBHERL VFRAR - 72,

SUM| 27 DAYS 105 39

3. HWIEAICLBZEERBROBR

ZOW, ZBLBHAE, BARLOBEFEEF - YIS IBREERORBELEHEETHD, £2T,
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3. E o 9 K
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TROBKEE (BE, BREZ), C, PEOBRUE (ABZ, BEE) BLU'D, LBNE (BE, %

E, BRE, BHE) 0454 TG

EZELBAREOBBERANLCELT, ITHRALEZEOAKRER L KD, BNOHETHLER,
B4 TANOEEB L UBRKELFHE L. BAEDEHE No Rain (NR) RHBAZEELE HIRS
HWIREE L BET B, T/-ERIIL-3, 4-5, 6—7, 8—9B L U10M 5 BXBEIZHIT 72,

3.2 BKBOEESR
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Fig.3. The relationship between rain probability (0.0 mm or above) and total cloud amount.

The shaded part represents rainfall 1.0 mm or above and solid part 5.0 mm up.
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Fig. 4. The probabilities (Pr) to determine
rain (R=0.0 mm) or norain at va-
rious cloud amount thresholds.
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Fig. 5a. The relationship between rain probability and cloud amount when
only the cloud of one type exists, for the area of SETONAIKAL
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Fig. 5b. As in Fig. 5a but for the case when the cloud of one type exists with
other type’s.
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Table 2. The maximum probabilities (Pr) to determine rain (R=0.0 mm) by
cloud amount for various types of clouds.

Type Area | yOKKAIDO | KANTO | KINKI | SETONAIKAI | SANIN | KYUSHU
Total 60.2 70.3 705 64.7 56.7 68.8
A 742 78.1 79.4 78.3% 81.7* 79.8
B 54.3 — — — — —

C — —_ — — —_ —
D 56.2 575 68.1 58.2 46.2 64.7
A 59.3 685 67.4 775 438 64.4
B’ 59.7 759 69.4 90.2 68.0 616
(o4 — 80.0 77.9 785 494 710
D’ 576 59.9 60.6 50.7 45.7 39.9

Bak, 81474, B, C, DidFh®FnA, B, C, DEOEMINELRFTLEELRT, *
2372355 % BT, Threshold REEI0&E %D, %X 8L ETH A,

COETHEROL L VWRBMES U TOBSIEER21TThaholz, RPOLVHLDPE LI, 3l
HEIHOETCRBELNICENRONS, ZORGEITOUUTOREGRELA2END > THHRE{ES
BWES S HPRWEEIONABEETHE, BRI TEXL EMENE (A) 2RBUHTLERTH
OB HR VAT P TELIERZRLTWA, ZHICL), BIZERDAZTHVLDIIHN
0% L EKETE 5,

FEROBHRME (D) OBSETIRALZEMLRVEIADLHILENDH - THHIRL 2V ETEHE,
ZORYE ($bb, 100%—ZFDEHND > THOB-7254) i& Table 3 IR LIEN L HIZRY, L
BEDEA0.0mm hr* LA ETH9%, F7-1.0mm hr™ ' LLETIHIZIFI0% 125 LV RELEERT,
L7255 T, LROBIRHUE (D) #BUOHLT, ZOBCRAFRS2VICTHIEELRE L OBRI
bobidoZYLTLAHT LIRS,

THENERIEEHICE s TEHHE L FTHER L OBREFFHEEECOWTRLAI DA Fig. 6 T
HbH, CNTELLHBHNOERLFME L IIHIITERNLEELH S L HICRZ S,

Table 3. The maximum probabilities to determine no-rain by cloud amount for
various types of clouds.

Type Area | HOKKAIDO | KANTO | KINKI | SETONAIKAI | SANIN | KYUSHU
Total 81.0 57.3 65.6 65.9 70.1 67.0
A 62.5 44.3 515 53.8 47.2 455
B 75.3 — — — — —

C — _— — — —_ —
D 98.9 97.3 99.1 99.0 100.0 985
A’ 79.3 69.2 65.2 62.5 78.4 70.3
B’ 58.2 26.8 41.7 15.7 52.0 58.3
(o — 20.0 23.1 215 50.6 28.9
D’ 87.2 81.8 81.9 75.3 78.0 95.1
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D3EMUI% (REZERBNICZ25TWE), LPEL0RBBRAFFTIRBZICREOBEIYT-T
Wiz, LA TEEHOFTCHELHEPSDEQBR Y Z 55 THLNLDIZBESOIIA26[ 572
1 CHotze HHIBINCHANDIZEDH I NIZLLBRVOTRBHEL Vo L 2 DWW THRNLZ LT S,

REHERNETHEBOMEATHANL-OOFEE LT, RN L AETHRE Tee L THIZL LT AN
FAODOHLBBRAD 2 KBS ZRADHED? Bdb b, CCTREERER 10CHE, TARF2
0. 1B DRI T CTHENM 2 E-> Thilz, &R Table 4 (ZRLAEBYTHA,

BEZEENO0, 2T VEROBABEHTTI6D -8 F0—F], 198248 A8 HOOZ HHRMFDHE
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Table4. The class limits in a IR-VIS 2-dimensional frequency distribution.

CLASS 1 2 3 4 5
Tag (CC) T=10 10>T=0 0>T=-10 {—10>T=2-20—-20>T=2-30
ALBEDO | 00<A=01 | 01<A=02 | 02<A=03 | 03<A=04 | 04<AZ05
CLASS 6 7 8 9 10
Tps (C) |—30>T=—40|—40>T=~50{—50>T=—60| —60>T=—70 -70>T
ALBEDO | 05<A=06 | 06<A=07 | 07<A=08 | 08<A=09 | 09<A=10
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Fig.7. The example of IR-VIS 2-
GC=—0882: FQ+0.948 :+-erreveeeees (4) dimensional frequency distribution
for the case of clear sky.
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Fig.8. The comparison between ground observed cloud amount and the fre-
quency of the class (1, 1) in a 2-dimensional frequency distribution.
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Fig. 9. As in Fig. 7 except for the case of Fig. 10. As in Fig. 7 except for the case of
convective cloud (A), cloud upper layer cloud (D) cloud
amount 10, amount 10.
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Fig.11a. The plot of the peak positions in IR—VIS 2-dimensional frequency
distributions. The symbols, “+”, “O” and “[0” are for the cases that

there is cloud of Type A only, Type A with others and there is no
Type A cloud.
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Fig. 11b. As in Fig. 11a except for upper layer cloud (D).
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Fig.12. The plot of the peak positions in IV—VIS 2.dimensional frequency
distributions. The symbols, “+”, “O”, “A” and “[J” are for the cases,

there is NORAIN, R=20.0mm, R=21.0 mm and R25.0 mm, respec-
tively.
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Fig. 13. The probability (Pr) for determining NORAIN or RAIN from peak
position, when various IR—VIS threshold is used.

Table 6. The maximum probabilities (Pr) to determine rain (R=0.0 mm) by the
peak position in a IR frequency distribution for the 6 investigation
areas.

Area HOKKAIDO | KANTO | KINKI | SETONAIKAI | SANIN | KYUSHU

TEMPERA- . . . . . R
TURE —10°C —30°C | —25°C —35°C —25°C| —30°C
Pr (%) 74.1 59.3 67.9 66.7 70.4 69.1

BYDEEZOND, £IT, A TR2KTEEAMAHOC — 7 (B2 HBFH Y (0.0mm he ™' BLE)
LHELIBRAIIOWTFC EHEE BB ERNTHL, FC LRBOMARO—FI% Fig. 14 IR T,

TITRENBECESBRICHRL TS L X5 L2 LRAMOAROHEL BFIZHEL
i & D720, Hire7k Threshold #ARE L, MUY 5 FC & PR & OBIRIC BV THEURK
DELREVLDERET LV T L2757, ZOKRI Fig. I5ITRT LI B bDT, BKRMHEIR0.76T
Tew=—30C, A=0.70 DL I AIBbh b,
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Fig. 14. The scatter of area averaged rain-
fall (R) and satellite derived frac-
tional coverage (FC) on the
threshold of T=—230.0°C and A
=0.7.
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Fig. 15. The corelation coefficients between 1 hour rainfall and fractional
coverage (FC) for various IR—VIS thresholds.
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Fig.16. The corelation coefficients between rainfall and fractional coverage on va-
rious IR thresholds over time scale of 1~24 hr.
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Fig.17. The comparison between ground
truth of rainfall and satellite esti-
mated rainfall.
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