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An intercomparison of GMS image data and AMeDAS
(Automated Meteorological Data Acquisition System)
rainfall data.

Kazuyasu Kato*, Sinobu Nakajima*, Motooki Ikawa**

Abstract

The primary purpose of this study is to develop a rain estimate technique using both
image data inferred from three hourly GMS observation and hourly rainfall data from
AMeDAS (Automated Meteorological Data Acquisition System). Image data associated
with convective clouds over Japan are selected for studying an image data-rainfall relation,
covering 22 cases during July 1978.

As the first step, the preliminary studies are performed to evaluate whether the findings in
earlier studies could be confirmed. Image data extracted from location of AMeDAS stations
(0.2 deg. box) are correlated with rainfall data. The poor correlation between the rainfall
and the minimum of equivalent black body temperature (also, the maximum albedo) is
found. In addition, the rainfall probability defined as a rain-no rain verification is examined
to investigate the bright clouds in the visible and the clouds with cold in the infrared produce
more rainfall than those not. The relationship that the brighter the maximum albedo,
the higher rainfall probability is slightly recognized. The relation, based on the minimum
equivalent black body temperature is very weak. The same study using an averaged image
data obtained from a half hourly observationi: examined for comparing the results from
three hourly observation. The results show that the relationship between image data and
rainfall can not be improved markedly.

Part of discouraged results is due to time-dependency of convective clouds. A single

view in time would be unable to consider such a factor.
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Data Acquisition System) station. Image
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an estimation of rainfall-image data sta-

tistics.
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Case No.| Date TiMe  SerecTep AMEDAS | TotaL No, oF No. of RaIN Max. oF RaIN Ave. oF RAIN | SD oF RaIN
(Jury) (GMT) StaTION STATION OBSERVED STATION [ (MM.HR™!) (MM, HR™Y) (MM, HR™!)
1 8 06 36606 - 46211 158 26 32 5.7 7.4
2 8 09 Do 158 56 70 5.1 10.1
3 9 09 51011 - 65356 244 31 38 6.1 9.3
] 10 06 40106 -~ 52047 218 24 18 2,7 3.7
5 10 06 69076 - 88706 239 138 36 14.4 12.3
6 10 09 40106 - 52047 218 52 19 3.1 3.6
7 10 09 69076 - 88706 239 19 Lt 6.4 10.5
8 13 00 11011 - 24236 211 20 18 5.0 5.0
9 13 00 52046 - 66111 227 31 34 5.6 8.0
10 13 00 71041 - 88706 231 16 2 1.8 1.5
11 13 03 11011 - 24236 211 34 1 2.5 2.2
12 13 03 52046 - 66111 227 21 21 5.7 6.0
13 13 03 71041 - 88706 231 24 42 5.4 9.4
14 13 06 DO 231 45 33 7.4 9.1
15 21 18 46001 - 57316 241 42 18 3.8 4,2
16 21 21 DO 241 54 21 3.8 4,1
17 21 23 DO 241 51 16 2.8 3.2
18 21 23 71146 - 88971 229 41 9 2.3 2,0
19 22 00 DO 229 30 16 3,0 3.4
20 22 00 46001 - 57316 241 37 9 1.8 1.7
21 25 09 11011 - 23376 204 33 53 7.0 10.3
22 25 12 DO 204 48 23 5.8 6.5
Table 1. Summary of the data in this study. Max, Ave and SD stand for Maximum,

Average and Standard deviation, respectively. Rainfall is for the I mm-+hr~! periods

at the times indicated.
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KEWRE L v 4~ HFRE $£2% 19804104
Case No.| TMe  Tmn  Tsp Amx  AME  Asp Ctve  Ctmn Camx  Came Cta

1 254.4 232.4 18.8 51.2 31.7 7.0 0.55 0.62 0.27 0.5 -0.48

2 236,2 224.4 17.2 - - - 0.19 0.24 - - -

3 235,5 209.4 9.0 - - - 0.42 0.52 - - -

4 276.5 260.0 23.1 47.4 28.0 9.2 -0.46 -0.51 0.51 0.36 -0.33

5 252.2 220.7 14.0 57.3 33.1 10.3 -0.14 -0.41 0.36 0.02 -0.89

6 270.6 245.1 17.9 - - - -0.32 -0.31 - - -

7 241,3 220.0 10.8 - - - 0.20 -0.14 - - -

8 252,6 239.8 24.1 47.5 34.4 10.9 -0.29 -0.30 0.24 0.24 -0.69

9 257.7 239.0 13.9 46.0 29.9 10.8 -0.21 -0.40 0.43 0,27 -0.70
10 249,2 229.2 20.2 33,7 21.3 11.4 -0,35 -0.21 0.32 0.41 -0.78
11 251.9 237.4 12.4 60.3 50.0 9.9 ¢.11 0.04 0.33 0.19 0.06
12 250.6 226.2 9.3 63.3 47.3 5.1 0.15 -0.02 0.23 -0.07 -0.53
13 247.3 223.,8 18.3 55.6 35.4 13.8 -0.10 -0.09 0.25 0.05 -0.74
14 232,8 215.6 12.9 56.1 41.5 10.8 -0.18 -0,22 0.14 0.15 -0.66
15 254.8 235,7 23.3 - - - -0.39 -0.33 - - -
16 256.7 246,0 26.1 - - - -0.39 -0.39 - - -
17 259.7 243.0 25.0 - - - -0.56 -0.50 - - -
18 273.7 256.6 19.7 - - - 0.06 0.01 - - -
19 279.2 262.5 16.7 39.6 22.1 7.9 -0.19 -0.13 0.18 0.18 -0.21
20 267.6 251.7 19.7 44,7 31.6 4.8 -0,14 -0.10 0.05 0.05 -0.37
21 247.4 233,1 18.4 - - - -0.05 -0.27 - - -
22 250.1 233.0 14.7 - - - -0.23 -0.44 - - -

Table 2. Summary of estimates of rainfall-image data statistics.  Abbreviations appearing

in this table are as follows.

Tme, Averaged equivalent black body temperature;

Tmn, Minimum of equivalent black body temperature; Tsd, Standard deviation of

Tmn; Amx, Maximum of albedo; Ame, Averaged albedo; Asd, Standard deviation

of Amx; Ctme, Correlation coefficient between Tme and rainfall; Ctmn, Correlation

coefficient between Tmn and rainfall; Came, Correlation coefficient between Ame

and rainfall, Camx, Correlation coefficient between Amx and rainfall; Cta, Correla-

tion coefficient between Tmn and Amx.

WBE T2 &, mEOHBIRBITKE - &
WREIhD, —0.6 L EOMBFREE R L 0126
7 B (FRRERN B S 3 324 Sz LT 178 &, 55%)
T, FPEDITE R, 2 RIRBETER ST 5 M
BB T L b SR, KB ThLEENFEELTC
RERBLLGI EHRLTG B,

5.2 [EMEER
A CREMBOHEIEHTS 5 & & HB LD
T, DT TRMBOFECER LTHRRERCOWTH

B LI, BIREED D EEORE CENTETER
ORI BER L EWHORTEECHENTH Y, BHE
DHEFEOHRCFIHTEL L E2 DD,

Fig. 334 EVEFiEE % L 72 Case No. 8D
BlTHbB, = DL Ctmn, Camx, Cta 7'+ 11X h
—0.30, 0.24, —0.69TH b (Table 2, BR), LMHE
BREL 70 ~N— VI X UMW E & OHRMEA R
Wi DTHB, OB ONT, {7 T AROBFERHER
HHE Lich o Table 3 ¢, KRl o Fig. 4
THb, Table 3 LWL THS L 5 12, 230°K L
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OBSERVATION TIME 1978 7
TOTAL NUMBER OF STATION 211
RAINFALL GE 1MM/HR3:20 STATIONS

12 23 33 (2)

STATION NO. 11011 - 24236
RAINFALL LT 1MM/HR3 191 STATIOGNS

S0

40

30

PROBABILITY (%)

20

10

N

200

Fig. 3 The example of rainfall probability for Case No. 8.

210 220 230 240 250 260 270
EQUIVALENT BLACK BOGDY TEMPERATURE (KELVIN)

INN

280 280

The rainfall probability (Pr)l

is defined as the ratio of (Nr)l/(Nt)l, where, Nt is the total number of AMeDAS

stations over the area of interest, Nr is the number of AMeDAS stations which are

observing the rainfall more than 1 mm-«hr~! 1| denotes the class for categorizing the

minimum equivalent black body temperature (or the maximum albedo) whithin se-

lected area.
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W) TIRT AN~ Vi X BEMRER,IKEL, 260°K L
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TFERI R, ERoTMTAE S, EEE, HiRT
BN ZWZEBPBEEINRBEDT, TAx— bl
BREROEZS PRDBEREECIZIDIIRGZ &
Mbhhb, = b OEFEL Follansbee and Oliver
(1975), K (1977) I EDRBLE—HK LT 5, BF

FERILT A~ — FT0~80% D 7 5 A THIS5% /N B
{ATRFE200° ~210°K D 7 5 A THIBAGBEED T KB LA
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T D RS T TCIRABRIED TH 5, AMe
DAS 7~ 2 0BRIERIIEE: © T, £ ¥ TFHAT
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B LB, EET ~ 2 0BE TR HIEC 305

EQUIV}:L;:T ELACKNBODY ;EMP. - :LBED: P BTAEDF—~ 228503, chbDF—~2%FHAL
CLass(® T R R LASS T R R e N N
T, D Eiks 3 W E
200-£210 | 218 75 344 |80-490 | - - - . MAOWE £ FRSIEE b bl ORI L L
210-£220 | 463 125 27.4 |70-480 22 12 54,6 -e L e - R
220-2230 | su1 150 27.7 [60-70 | 256 73 30.9 AMeDAS DR BTk L T30 RIRE DB > —
230-£240 | 528 103 19.5 |50-£60 | 413 71 17.0 gH 2BEfERTAZ LR/ BA, T2 EDEBEF
240-£250 | 485 70 14.4 |40-/50 | 636 98 15.4 — X DOVPHELERERE LI it L, 8
250-/260 | 430 72 15.0 |30-/40 692 44 6.4 HIEEX ¢, t, > AMeDAS Bl & i 12 31T 5 %l B4
260-£270 | 561 69 12.3 |20-£30 | 38 17 4.4 BEXIITT7 AN~ N Ty Tu (LT 0SB CLLEm
270-280 | 762 67 8.8 |10-20 | 211 3 1.4 BB, 7 A~ FORAET 5 AER 0T,
280-£290 | 835 20 2.4 0-410 19 0 0.0 BRBHOMS), FHE R ONEE o, 0 ET5, 1T
ToTAL 4873 753 - ToTAL 2641 324 - U A DN TEET S L UTO L 51 b, o,
Table 3. Averaged rainfall probability for all 0" BABDEEL Y RADLHET2 2 LA TE S,
cases studied. The abbreviations Nt, Nr,
Pr are the same as shown in the caption 012:% > Ti—T,2 (6.1)
1=1
of Fig. 3.
Albedo (%)
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Fig. 4 The graphical display of Table 3. Tmn is for the minimum equivalent black body
temperature, referenced to the scale on the bottom, and Amx is for the maximum
albedo, to the scale on the top.
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Table 4. Summary of estimates of rainfall-image data statistics using the averaged image
data inferred from a pair of half-hourly observation. Tsdm stands for the standard

daviation of Tme. Otherwise, the same as Table 2.

A HALF-HourLY OBSERVATION

Case No. | Date  Time TME Ty Tsp  Tsom CtMe  Ctmn | TME Twn  Tsp  Tsom  CtMe  CTMN
(Jury)  (GMT)

21 2230 259.1 244.7 24.8 22.0 -0.43 -0.46
17 21 2300 259.7 243.0 25.0 20.9 -0.56 -0.50
259.4 244.2 24.6 20.3 -0.55 -0.49

21 2330 268.5 250.0 21.0 13.1 -~0.02 -0.08
20 22 0000 26/.6 251.7 19.7 11L.9 -0.14 -0.10
268.1 250.9 19.9 11.4 -0.08 -0.09

21 2230 2713 254,1 21,3 13.1 0.03 0.01
18 21 2300 273.7 256.6 19.7 10,4 0.06 0.01
272,5 2554 21.0 11,5 0.04 0.01

21 2330 277.2 262.8 16,9 8.5 -0.10 0.02
19 22 0000 279.2 262.5 1l6.7 7.1 -0.18 -0.13

278.2 262,7 15.9 7.5 -0.15 -0.06

Table 5. Averaged rainfall probability using a half-hourly observation. The

abbreviation Nt, Nr, Pr are the same as shown in the caption of Fig. 3.

EquivaLenT BLack Bopy Temp,

CLassCK) | or" HR - PR(D)
200-210 | 13 7 53.8
210-/220 | 51 20 39.2
220-£230 | 111 33 29,7
230-/240 | 110 36 32,7
240-£250 | 132 39 29.5
250-/260 | 144 26 18.1
260-£270 | 301 49 16.3
270-280 | 539 84 15.6

280-£290 | 480 15 3.1

TotaL 1881 309 -
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Fig. 5. The graphical display of Table 5. Tmn’ is for the averaged minimum equivalent

black body temperature inferred from a pair of half hourly image data.

As in Fig.

4, Tmn is also shown for indicating the differences between Tmn and Tmn'.

MHERERLILDT, Fig. 5IXFhaRRLIELDT
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BRSSO SMBFRECEVBRRECREET
MHEIPEFE LI, & D FRE T Sikder (1972),
Griffith et al (1978) @ X 5 HKE EROBHINELY

FEELTWARWDT, 2 CRRECEMBEKEE D05
e s 22 LBRERT S Lic L, BIEHEERAR
BALENEBHS LTS RETLIRALLES
YHET S L EMEAREORIVIEREN BRI
D ENBEI RS, FHBHREDCELEIZ04H]
DEHLEROEXHT5b0L L, chuxdT &35,
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RULIHDTHS, Dtme 12 dT & LTCFHEMESE
B, Dtmn 12[F UL RADEMEEKBREL L b & &,
BRENSTXT iz 2 v TESLETH S, Disd,
Dtsdm 3%z % Dtmn, Dtme OFE#FEETHS, &
7c, Cdtme, Cdtmn X Dtme, Dtmn # 3 b vic & D
REFi® & OHEBERETH D, Table 7 LR LifER 2 4
BRY, BAELBERECHBITIZLEALE R W E W 2
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OBSERVATION TIME 1978 7 13 5 322
TOTAL NUMBER OF STATION 231 STATION NO. 71041 - 88706
290 NUMBER OF STATIOGN WITH RRIN 45 NUMBER OF STATION WITHOUT RAIN 184
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Fig. 6 Bivariate display of maximum albedo versus minimum equivalent black body tem-
perature for Case No. 14. Two symboles, “A” and “+” indicate the AMeDAS
stations are observing the rainfall or not, respectively. The rain event is seemed to

occur in the region of cold and bright.

Case No, | CvMe  Cvun  CrMe CRMN
17 362.1 591.3 0.79 0.95 Table 6 Covariance and correlation coefficient de-
rived from two successive image data, 30
20 105.0 379.8 0.67 0,92 minutes apart. Cvme and Cvmn are for
the averaged equivalent black body tem-
18 123,2 387.3 0.90 0.92 perature and the minimum equivalent black
body temperature, respectively. Crme and
19 52,6 219.7 0.87 0.78 Crmn are the same as above, except for

the correlation coefficient.
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Fig. 7 Visible and infrared images for Case No. 14.

area investigated.

Case No., | Drme Dtun Drsp Drsom CpTMe CoTtmn

17 -1.4 1.8 7.2 10.0 0.00 0.02
20 69 -1.7 7.5 7.5 0.41 0.03

18 -2,4 -2,5 50 7.0 0.08 -0.08

19 -3.2 0.7 42 10,6 0.3 0.25

Table 7 Estimates of the difference of equiva-
lent black body temperature(dT) derived
from a pair of image data associated with
the rain observed AMeDAS stations.
Dtme, Dtmn are for the differences of
mean equivalent black body temperatures,
and the minimum equivalent black body

Dtsdm,

Dtsdme are for the standard deviation of

Dtme, Dtmn. Cdtme, Cdtmn indicate the

tempuratures, respectively.

correlation coefficients between the rain-

fall and Dtme, Dtmn, respectively.

o Thit, MPEELL L5 KRRE BT L EE
DERBXEF LTV LR BRTHLOTHS S,

. HRLIUER
b 1AMoL LT AERR LD TRE

“A” indicates the convective cloud
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EROMLEE L S RITTEL MR DS, Fig. 6
12%D 1T, Table 1 @ Case No. 14 OR/hEME
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Fig. 8 As in Fig. 6 except for Case No. 9.

The rain event is seemed to be a poor re-

lation to the minimum equivalent black body temperatures, but correlated with the

maximum albedo positively when the same temperature class is considered.
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