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Accuracy Improvement of the Satellite-derived Index of Precipitation Intensity
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Abstract
The Satellite-derived Index of Precipitation Intensity (SI) has been produced operationally
since 1st March 1989. The following three subjects were clarified and investigated to improve
the SI accuracy in the last one year.
(1) Operated matters for improvement

a) Seasonal threshold values of radar beam height for radar echo composition were established
as 4,000m for warm season, from May to October, and as 2,000m for cold season, from
November to April.

b) All digital radar data in Japan have been composed. Radar echo composition area was
expanded for south-west ward.

¢) Look Up Table (LUT) data, they are multiple regression coefficients, magnification rate,
bias and threshold TBB values, for the Mono-spectrum (IR) method used in nighttime have
been calculated also in daytime to decrease the discontinuity between the Bi-spectrum (VIS
& IR) method and the Mono-spectrum method at evening.

d) Constants for representative characteristics conversion, they are magnification rate and
bias, have been calculated by using the 1% order value in radar intensity data and the first
estimated SI data, they are calculated by using only multiple regression coefficients,
against the precipitable radar echo number.

(2) Monthly and hourly accuracy of the SI from August to December in 1990.

a) Mean correlation coefficient between radar intensity data and Sl acquired by using the Bi
-spectrum method was 0.69 for all cases and was 0.76 for cases only immediately after the
LUT data were updated. Mean correlation coefficient by using the Mono-spectrum method
was (.42 for all cases and was 0.62 for cases only immediately after the LUT data were
updated.

b) The SI acquired by using the Bi-spectrum method provides better accuracy at midday than
at early morning or evening. The accuracy of SI acquired by the Mono-spectrum method
does not depend on calculation time.

(3) Remained matters for future improvement

a) New algorithm of the IR Parameters used in the Mono-spectrum method was investigated.
Some effective IR Parameters have been detected.

b) A method using the LUT data calculated in local derived area was investigated. The SI by
using the local LUT data provides better accuracy than the one by using the whole LUT
data.

c) Seasonal threshold TBB values for calculation of the LUT data were investigated.
Reasonable values have been detected.
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Fig.1-1 Regions used in the SI Routine Processing System.
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Fig.1-2-1 SI chart acquired by using the Bi-spectrum (VIS & IR) method at 07UTC on

23 August 1989. Used Look Up Table (LUT) data were calculated at 06UTC on
the same day. Symbols show precipitation intensity .
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Fig.1-2-2 Composite radar chart at 06UTC on 23 August 1989. Symbols are the same
as in Fig.1-2-1.
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Fig.1-2-3 SI chart acquired by using the Mono-spectrum (IR) method at 08UTC on 23

August 1989. Used LUT data were calculated at 18UTC on 22 August. Symbols
are the same as in Fig.1-2-1.
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Fig.1-2-4 The same as Fig.1-2-3 except that used LUT data were calculated by using

the data at 06UTC on 23. Symbols are the same as in Fig.1-2-1.
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Fig.1-3-1 Relation between compared order
and correlation coefficient (COR5), mag-
nification rate (MAGR) at 18UTC on 26 i
August 1989. Dotted lines show smoothing e
curve connected the partial maximum of
CORS5 and the partial minimum of MAGR.
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Fig.1-3-2 Distribution chart of grid number
at 18UTC on 26 August 1989. The
first estimated SI levels were calculated by
using only multiple regression coefficients.
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Fig.1-3-3 Dependent SI chart acquired by using the Mono-spectrum (IR) method at 18
UTC on 26 August 1989. Compared value between radar echo intensity and the first
estimated SI (calculated by using only multiple regression coefficients) at strong
intensity side was the maximum value. Symbols are the same as in Fig.1-2-1.
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Fig.1-3-5 Composite radar chart at 18UTC on 26 August 1989. Symbols are the same
as in Fig.1-2-1.



METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No. 22 MARCH, 1991

Y REAL T, sE8EI0EIERIC DL TRET L7
REARNS, Fig.1-3-1%, FEEIERL % W7 D K fEH
5, FmSHZ TV —F T a—EERFRDIS%IZ
KIET B IEMOME & TIERZRL S S - 8E0, fHEREK
(CORs ¥ | WEF— s GRETF— %) LEAE
(MAGR) DZ{tTH 5, %7z, Fig.1-3-213, Z DK
BBV —FEELE 1 RBEEBEOL VLT ED
BFETH 2, Fig.1-3-1IRT & 512, FREEI D LLEg
B % KB & 15% 5T 2 B OfE £ TIEX T
FaizonT, MHERESKE L B IERER/NEL
%5, BIOBERT—ETR VLD, B 1 IRHEEHE
WERETEHINLZDIIN L, v —FHEEL ~Vid
BHETH Z1E 3 ~5 % & TIEEEIEMAE CE(5)
ThdIricksd, ZOFTIE, 3BAERIIHET S
BN E TIRABBARE DR L LR EOFEA »IER I 7R

BLonsH, TREUBIELSMEL TWD, Zhid,

Fig.1-3-2I2 "4 X 21, ZOBATIRLY —FEED
BARLV~L (9) 13, Eo 2 FLarBHIShTHE
W, JEfLZ & IFRI2oN T, v —FEE L5 1Rt
FEEONF &S, T2V EICE TN 58875
DRBCHENT 27:0ThHhb, HET3EME & T3
wonT, HERR &2 /. K ELEERERT
bHBHBORKEEEFOERORBRFOETLED
BhHb, 207k, HKIEN 2 TR 8& D
I BN BIEN. TabbHEBRK E EREOE(LE
AL—P 7 Utzdhig (Fig.1-3-14 0 £ifg) OfiRss
KL 72 BIEM R, SRBBIO B REA > LT
BIRT 22 eI L0EEZONS, ZOFITIE,

1 %R OB ST 2,

Fig.1-3-3i3. FEEEZITOHKREK L N4 7 X{EDE
BB T, SRS R AE R R L2 B A0
REAKGHBETR R AR (BT — 2 28/ THO.
Fig.1-3-4i%, #BALBMEIC Y — 5 = a0 —FHEEF
B 1 %ITHIET BIEN OE % L 72356 O REAKE
EfRBO N (e 7 — 5 #8M) Th 5, £7:. Fig.1
-3-51F, BIEDIHDLV —FERRTH 2, Fig.1-3-
3¢ Fig.1-3-4% & T 2 L, RAEEFERLHE
. V=S TEEREBLOFBEICOT»LrBRIINT
W WERE L~V 7 (16mm/ h L EI2AEY) BLEDiE
BESHDS A WEIFICHEE SN REEL XL 305 6 (2
~16mn,” h #%4) OSHFREICDOWTH L — 5 HE X
DIGSHEINTWS, ZhikNLT, v—Fxra—
AR FHOD 1 BICKIET 2B OE 2R L1254
. V—REOSHERSE-oTW5, HBEREE

BRFIZ, RAEEERLBAT0.749L2.53, 1%
KEFCIERLE 2B L 72355 T0.763£2.04 TH - 72,
SR LR O BB DV TiE, BERERE,
ARz © OBH 2 LR, EROFID X 52,
Efim oA Tv —% a3 —HFER O 1 %R
TBIEMOL —yEE L FE 1 REEEEZHAT 205
WYL EnT, ZOHRIE, 1990E 4 H18H» 5
¥Bbani, 8. FEAOLKEIOVLTER, 4
S DEEIZIE Y,

2. BEORR

BIEBTEN L REBEZIBRGER L T X EE,
Rk B TR TR « ARSMIFR AL, RO B L b K
FBREENALEL TWwb, LT, AR BB O
EFHlE R OW TR B,

2. 1 BBICEHEL 7K

Table 2 iF. 19904F 8 A18H» 512A31H £ TH A

BIOREAGEREIERORBETMER TH 2, WHDELC
DWW, BHan 27— OFE L 1 ERATICE
B - B AN HEEROA 2 FOTEE S WIS
DF— I ORBEIIXFILTVE, WThicy, BHT
—ZH (N) « BB EE L L — 7R O MR
(CORS5) g3 (HIT) « RELZE (FAL) - ZiRD
R (MIS) 277, RMEOEKIZ, FEEORE (B
2%8) TAHOVRLDERUTHS, £, 2T—5D
FHiF D a3 —% (ECH) ki, ZOHECEEL -
HEE—AGEMERNO L — SRR L TR AT
— DA NIEFHOED GV (HREK) ThHs,
1 EEEIRTE Tt E EROBRIC L DV HEE ST —%
DFHETOEHFRK (UPD) Lix., ZoHiEicEE s
REEEROBE L TRE Y Bl L TERA
NHEEROROE D & (HHE) THhh, BE
LT 28OV EOT L H B, BB, 1. 1ET
ATz ki, 1AL EHREOE E— AR ERIE
%2,000mE LTWwa7z8, 4,000mCEMAL 728 H»
S10FOKE L XAIL TWwa,

A FAGERRIC X 2 7 — & O R EHE T,
I BRI E Rt E EROBERC L VEH a7 -4
DI, &F —F BRR L LIBE A THEBEGRE
ERHRENEL, REALESD RS -2Tw3, I
. LB E B S e RS, NRETHE
BOBARBELZ LD RESEHAL VLD THL, 2
WHREF, 27— 2HRELIZBEERCEETD

S T



[EHEL I — KNS

Table 2 Monthly evaluation of the SI acquired
from 18 August to 31 December 1990
for all cases and cases only immediately
after the LUT data were updated.

N : Total case number of the SI

COR5 : Correlation coefficient between SI and radar intensity
in 5X5 grids

HIT : Hit rate excluding (0,0)

RADAR INTENSITY —
level and including Ll 0, 1, 2, 3

difference of %1 level -*‘— =
FAL : False alarm rate 0| X FAL
MIS : Missing rate r r
ECH : Ratio of precipitable radar 1

echo grids against NI

observed radar grids 2 HIT
UPD : Ratio of updated LUT L

members agalnst calculated 3| MIS

LUT members L N (T M

i Bi-spectrum (VIS & IR) method

(1) For al) cases

wow [N CRS HITGD FALG) MISK) ECHOY) |
90 AUG * 63 0.60 T 22 7 5
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NOV M 182 0.68 82 12 5 9 ‘
DEC 132 0.69 85 13 2 7
| | 314 0.68 84 12 4 8
f —1
oAl | 920
/ MEAN 0.69 80 16 4 8

(2) For cases only immediately after the LUT data were updated

Y MM N COR5 HIT(¥) FAL(%) MIS(®) UPD(%)
90 AUG * 98 0.66 i 19 7 61
SEP 184 0.75 80 14 6 80
oct 100 0.82 85 11 4 58

382 0.74 80 15 5 68
[ wv 0.8 8 9 5 4
DEC i 0.81 89 9 2 51

| | 120 0.81 87 9 4 48
TOTAL 505 ‘

\ / MEAN | 0.76 82 13 5 62
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(2) For cases only immediately after the LUT data were updated
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Fig. 2 Hourly evaluation of the SI acquired in
the same period as in Table 2. “MONO” is
a time period by using the Mono-spectrum
(IR) method and “BI” is a time period by
using the Bi-spectrum (VIS & IR) method.
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Fig.3-1-1 Composite radar chart at 18UTC on 2nd ]u1y71989. Symbols ar;gsame as
in Fig.1-2-1.

Photo.3-1 GMS infrared image at 18UTC on 2nd July 1989
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11=4.COR=
IR ONLY.

0.659
USING PARAM

7|

is)

Fig.3-1-2 Dependent SI chart acquired by using the Mono-spectrum (IR) method at 18

UTC on 2nd July 1989.

Used IR parameters are the same as current, they are the

mean and variance of TBB histogram in 41 X41 grids around a calculated grid as a

center.

s _ i

1
N
-0 *:ri % 10 e

90 -83 -70 20

Fig.3-1-3 Scatter distribution of the dependent SI
versus TBB at 18UTC on 2nd July 1989. Used
IR parameters are the same as current, they
are the mean and variance of TBB histogram
in 41X41 grids around a calculated grid as a
center.

Symbols are the same as in Fig.1-2-1.
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3. 1. 2 BWEFHELRR

L EBECHT 2RAMERRET /120,
FLWAS X —F DRI OWTRAERT 2, RE
IRT A=z, gL (1982) 3% & DI ERES
FGA—FDENSLUATDNRT A =5 280, NEL
FRBEOHBIEE ERE L, ZOBIC, HER/ T X
— sy OEHEHIZ, BITONIA-FERULL, £
ZNOBAGHEREBEHE 2P TA2BRE 2 E
FRIEAN (41 X418&F) & L7z,

i Spectral Feature (#¥7 2 —% EHEBA DR

NP R MERET 5 18R
(1) SEHERW TBBE A b 757 A DI0% IENfE £ 10
% IENE D 2=
(2) SEEAN TBBE A b 7' 7 A D HRE{HE £50%IE
NHEDE
(. BAEMFEHAL T 358N TBBOFEH L&
By, COBERCET )
ii Textual Feature (/37 X —% HHFHEBADE
HREEC BT 2 1EHR)
(1) #5457 —2 D (Mean)
ENRrb2HAMOEBEAA%Ep. 6
E¥ 5, 2HMD TBBL_NVER T T ARG
Lt &nfEzi.Zz0EHE(i). 77 R
KEnl HEBEBRCEENITH (24
#1R7ETB) ENLTBHE,
1 £(i)
M (o, m—TI}§11<N>
(2) #97F—sDa> b5 A+ (Contrast)
nl (i)
2 (%)
() EZHT—FDA_RE—- A (Angular
second moment)

C (p, 6)=

nl oy 2
A =3 ()

4) #EHF—2Dx> ot — (Entropy)
ol ) i)

E (o, 6)=— = — n |—
mo=-3 () 10 ()

Textual Feature D/37 X —F 2D\ Tix, AT®D
ERICHS L TRETL 72,
(1) ZH%es258M0hm () %E
@ dtHE-FEERAAEOFEY
@ dt-mErmoFEy

E25 191F3A8

JLE-FElE AT
H-FEHADFS
A EOFHDOF
T m D OEERZE
T\ | oD RAE
V9 D FH D f/IME
AR DT O BALE £ B/MEDZE
(2) ZEonxrs25HOEE (o)
@ 1%¥
® 31F
® 5KF
Table3-11d, feDBEHEEDEH L [ U < 19894 7 A
2 BISUTC DHEANTF—F v —5F— 5 2FHL T,
RER YT A — 8 R ERER L TEONERTH 5,
iz, KRR ST X - EHWTHEBE S W HEE
EREFEUCHBLORNT—5 REBF—5) CHEAL
TRD KA - L — 58 L OB L 248
MEEEILL TH 5, CORSIZ, 1. 3ETHEALLY
DLA%TH S5, COR1E I, LV — 5 IBEE & kg
EBEOBRTFEZ1 . 12 TEHLZBDTH 5,
BIEFEROD 2 DORN/ ST X — 5 FHBEHERTH
3120, ok 1DIELdl, ZOBE. HEE

CHORONONSNON®

Table 3-1 Accuracy of the dependent SI using
tentative IR Parameters. Used IR data
and radar data are at 18UTC on 2nd July
1989.

SIx =( bo + bi~TBB + ba-TBB? + ba-TBB® + ba-PRMI + bs-PRM2 ) a+ 8
PRM1 ¢ IR Parameter #1
PRM2 ¢ IR Parameter #2

TBB ave : Mean of TBB histogram in 41X4] grids
TBB var : Variance of TBB histogram 1n 41X41 grids

TBB win @ Value at minimum of cululative frequencies in 41X 41 grids
TBB sox : Value at 90% of cululative frequencies 1n 41X 41 grids
TBB sow : Value at 50% of cululative frequencies 1n 41X41 grids
TBB 1ox : Value at 10% of cululative frequencies 1n 41X 41 grids
CORL + Correlation coefficient between SI and radar intensity
CORS ¢ Correlation coefficient between SI and radar intensity

1n 5X5 grids

1 Present parameters

PRMI PRM2 CORL | CORS

TBB ave TBB var 0.406 0.659"

( Transformation )

PRM1 PRM2 COR1 CORS

Not used ] 0.405| 0.661

TBB var / TBB ave
( Coefficient of
Variation )

’, — |
TBB var X TBB ave Not used 0.404 | 0.654
u  Spectral feature parameters

PRM1 PRM2 CORL | CORS

rTBB var / TBB ave TBB sox — TBB 1ox 0.406 | 0.652
l TBB wiv — TBB sox

0.458 | 0.711

13—



METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No. 22 MARCH. 1991

W Textual feature parameters

(1) Mean of finite difference data  M(p. 4)
PRYL PRM2 —1 cort | cors
o |
TBB var ./ TBB ave M(s. 6) for direction 1| 0.444| 0.712
NW-SE 3| 0.447| 0.681
5| 0.447| 0.689
M(p, 8) for direction | 1 | 0.443| 0.691 ‘
N-S | 8| 0.445| 0.687
S| 0.446| 0.688 ]
|M(p. 8) for direction | 1 | 0.413] 0.630
| NE-SW 3| 0.415| 0.677
\ 5| 0,416 0.675
Mo, 8) for direction 1| 0.434| 0.687
W 3| 0.435( 0.674
S| 0.436( 0.669
Mean of M(p, #), all ! 0.429 | 0.704
for 3| 0.431| 0.689
5| 0.431| 0.688
Standard Deviation of 1| 0.413| 0.665
M(p, 6), all for 4 3| 0.419| 0.662
5 | 0.425| 0.662
Maximum of M(p, 6), 1| 0.409| 0.686
all for @ 3 | 0.407( 0.676
5| 0.406| 0.670
Minimum of M(p, 6), 1| 0.425| 0.686
| all for 4 3| 0.429| 0.675
i 5| 0.433| 0.677
| ‘ Difference between 1| 0.412| 0.666 |
max1mum and maximum of 3| 0.418| 0.662 ‘
‘ M(p.8), all for 6 5 | 0.425| 0.662
|
(3) Angular Second Moment of finite difference data  A(p, 8)
\ PR PR — CORL | CORS
| o ' \
t T
T8 van // TBB ave | Ao, @) for direction | I | 0.410| 0.676
- | 3| 0.408 | 0.667
| 5| 0.407 | 0.665
[4a. 8) tor direction | 1| 0.415] o.681
N-S | 31 0.407| 0.686
‘ 5| 0.405( 0.663
Alo, 6) for direction 1( 0.413| 0.678
NE-SW 3| 0.416| 0.675
5| 0.414| 0.670
A(p, 8) for direction 1| 0.412] 0.673
i 3| 0.414| 0.670
65| 0.412| 0.668
Mean of A(p, 8), all 1| 0.413] 0.674
for 3 | 0.411| 0.668
S | 0.410 | 0.665
Standard Deviation of 1| 0.408 | 0.683
Alo, 8), all for @ 3| 0.432( 0.711
5| 0.431| 0.697
Maximum of A(p, 6), 1/ 0.413 0.677
all for 4 3| 0.416( 0.674 |
| 5 ‘ 0.415| 0.670 [
Minimum of A(p, 6), 1 ‘ 0.413 | 0.674
| all for 6 3| 0.407 0.665
| 5| 0.406  0.663
[ Difference between 1| 0409 0.689 |
maximum and maximum of 3| 0.430 0.707
|Atp. 8), all for 8 5| 0.428| 0.694 |

I

IE(F.B), all for 8 |

(2) Contrast of finite difference data  C(p. @)
PRMI [ PRM — cort | cors
| ? \
TS vas / TBB ave | C(p. 8) for direction | 1 | 0.406| 0.669
NW-SE 3| 0.406| 0.668
5| 0.407 | 0.670
C(p,8) for direction 1| 0.406| 0.669
| M- 3| 0.408( 0.674
‘ | 5| oaur| 0678
C(p, 8) for direction | 1 | 0.406 | 0.663
NE-SW 3| 0.416] 0.659
5| 0.422 | 0.652
C(p,6) for direction 1| 0.407 0.663
E-W 3| 0.410 | 0.656
0.411 ] 0.653
Mean of C(p.8), all 1| 0.405| 0.662
for 6 3| 0.406 | 0.659
5 | 0.408 | 0.657
Standard Deviation of 1| 0.414] 0.695
C(p,0), all for ¢ 3| 0.422| 0.695
5| 0.425| 0,697
Maximum of C(p, 8), 1| 0.406| 0.669
all for @ 3 | 0.408| 0.673
5| 0.409 | 0.675
Minimum of C(o, 6), 1| 0.408 | 0.668
all for @ 3| 0.417| 0.662
5| 0.423| 0.655
Difference between 1| 0.414| 0.694
| maximum and maximum of 3| 0.420| 0.693
‘C(p.ﬂ). all for 6 5| 0.423| 0.695
(4) Entropy of finite difference data  E(p, 8)
PRMI ‘ PRM2 — CORL | CORS
| 2
TBB van / TBB ave | Ep, 8) for direction | 1| 0.407 | 0.668
NH-SE ||
!
E(p, 8) for direction ! 1| 0.407| 0.668
E(p, 8) for direction 1| 0.409 | 0.670
NE-SW
E(;A 8) for direction 1| 0.408 | 0.668
Mean of E(p, §), all 1| 0.408 | 0.667
or 4 3| 0.408 | 0.662
5 0.407| 0.660
Standard Deviation of 1| 0.405| 0.666
E(p, 8), all for @ 3| 0.428| 0.706
5 | 0.431 0.699
Maximum of E(e, 6), 1| 0.407 | 0.666
all for 4 3| 0.405| 0.663
5 0.405| 0.662
(Wit of B(o, 0), | 1| 0.409] 0.670
all for 6 | 3| 0.414 0.668
| 5| 0.416| 0.665 |
Difference between ’ 1| 0.406 | 0.673|
maximum and maximum of 3| 0.427 0.704
5| 0.429| 0.699
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1989 0702 18LTC

Fig.3-1-4 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variation (TBB variance/TBB mean) and the difference between value at cumula-

tive frequencies minimum-50% .
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Fig.3-1-5 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variation and the mean of finite difference data. Finite direction is NW-SE and grid
distance is 3.

9= s MARK | - | = | o | m | COMMENT
O N AR 11=4,COR= 0.668

1989 0702 18UTC o "ol Tuf ws IR ONLY. USING PARAM

Fig.3-1-6 The same as Fig.3-1-2 except that used IR parmeters are the coefficient of
variation and the contrast of finite difference data. Finite direction is NW-SE and
grid distance is 3.
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i S, I ) WARK | — T = 1o [m| COMMENT
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Fig.3-1-7 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variation and the angular second moment of finite difference data. Finite direction
is NW-SE and grid distance is 3.

Sn I Rk | - 1= 1o COMMENT
T 11=4,COR= 0.668

1989 0702 18UTC To| el u] s IR ONLY. USING PARAM

Fig.3-1-8 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variatinn and the entropy of finite difference data. Finite direction is NW-SE and
grid distance is 1.
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Fig.3-1-9 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variation and the mean of mean for all finite direction. Finite grid distance is 1.

S. . BR[| = 1= o lm COMMENT
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B

Fig.3-1-10 The same as Fig.3-1-2 except that used IR parameters are the coefficient
of variation and the standard deviation of angular second moment for all finite
direction. Finite grid distance is 3.
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Fig.3-1-11 The same as Fig.3-1-2 except that used IR parameters are the coefficient of
variation and the difference between maximum and minimum of angular second
moment for all finite direction. Finitegrid distance is 3.
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Fig.3-1-12 The same as Fig.3-1-3 except that
used IR parameters are the coefficient of
variation and the mean of finite difference
data in 4141 grids around a calulated grid
as a center. finite direction is NW-SE and
grid diseance is 3.
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Fig.3-2-1 Accuracy of the SI acquired by
using the Bi-spectrum (VIS & IR)
method adopted the local LUT data and
the whole LUT data on 17 September
1990. Solid lines show the local LUT
data and broken lines show the whole
LUT data. Abbreviations are the same
as in Table 2.
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Fig.3-2-2 Composite chart of rader and the SI at 17UTC on 17 September 1990. Inside
of thick solid line shows radar data and outside shows the SI. Used LUT data were
calculated at 06UTC on 17 in Kyushu local radar area. Symbols show precipitation
intensity .
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Fig.3-3-1 A sample of TBB-Radar echo formation chart at 03UTC on 24 March 1990.

The upper shows TBB histogram in radar observation area. The lower shows radar

intensity distribution. Star-like marks at the upper show “Echo corresponding ratio”

in each TBB degree.
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Fig.3-3-2 Seasonal variation of the Mean TBB value at each order counted from the
Minimum.
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Fig.3-3-3 Seasonal mean of “Echo corresponding ratio”.

The investigated period is

from June 1989 to August 1990. Solid line with “W” is for warm season, from May
to October, and broken line with “C” is for cold season, from November to April.
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