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Applicability of the Two-Variate Maximum
Entropy Distribution

Noriaki Sogawa,* Masao ARAKI, *¥*
and Akira TERASHIMA***

The applicability of the two-variate maximum entropy distribution (2MED) to
the two-variate gamma type distribution (2GTD) and the observed hydrologic histo-
gram (OHH), when several low-order moments are known, was examined by em-
ploying the iteration method to calculate relevant perameters. Real and estimated
values of the moments were used to examine the possibility of improving the ap-
plicability of the 2MED to the 2GTD and OHH. After investigating the variation of
the moments by using simulation data from the 2GTD, values of the moments were
changed artifically and used to analyze the sensitivity of the 2MED. The 2M (4, 4,
2, 2), which stands for the 2MED given the first four moments with respect to
variables x, y, and xy, was in good agreement with any types of 2GTDs and OHHs.
The 2M(3, 3, 1, 1), which stands for the 2MED given the first three moments with
respect to x and y and the first moment with respect to xy, was in good agreement
with the two-variate exponential type distribution and the two-variate exponential
type OHH.
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Fig. 3 Three-dimensional expression of 2G (2, 0.5) and 2M (4, 4, 2, 2).
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Fig. 4 Three-dimensional expression of 2G (4, 0.5) and 2M (4, 4, 2, 2).
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Table 2 Parameters of 2MED to 2G (2, 1, 0.2) and 2G (4, 2, 0. 5).

26(2,1,0.2)] 2m(2,2,1,1) 2M(4,4,1,1) 2M(4,4,2,2)
o 0.44606 1.0496 0.98926.
8y -0.22343 ~2.7096 -2.6227
B2 0.47515 2.8838 2.8747
83 _— -0.76278 -0.76496
By, —_— 0.070337 0.069914
Y1 1.1615 1.1564 1.2405
Y2 0.010136 0.0050997 0.0011730
Y3 — 0.00046649 | -0.00068954
Yy me— 0.000013002 0.0000043483
511 ] -0.18365 ~0.16952 ~0.30683
812 —— — 0.013660
621 —  — 0.029066
522 —_— J— ~0.0016040
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81 ~2.6333 ~9.4588 -8,8829
82 1.9494 9.8161 9.9841
£4 —_— -3.2788 -3.4237
By —_— 0.41419 0.41049
Y1 0.45067 -2.0656 -1.2971
Y2 0.59622 2.9234 2.9518
Y3 — -0.74772 ~0.79726
Y s 0.070038. 0.072411
511 ~1.1016 ~0.95624 -2.5731
512 —_— —_— 0.24403
821 et _— 0.51503
622 J— — ~0.066436
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Fig. 6 Three-dimensional expression of 2G (4, 2, 0.5) and 2M (4, 4, 2, 2).
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Fig. 7 Stability of moments my and mge (population: 2G (4, 0.5)).
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Hoe—2 v itaffokk=vtin

Fig. 10 Three-dimensional expression

of 2M (4, 4, 2, 2)in the worst of = MRCIRBemEl LT e K E
(f)i.v;;). cases (population: 2G (4, BADERD TH o Te.
2G (1, 0.2) &35 2M (3,3, 1, 1)
6. 0 < miso (A6, 0)=10.0, 101 mu(l.2) = 1.75 (20)
2G (1, 0.2) wh¥B2M{4, 4, 1, 1)
23. 0 < mao(24. 0) = 24.39, 0.8 = mu(1.2) = 1.3 {21)
2G (4, 0.5) x5 2M(2, 2, 1, 1)
1,20 = ma0 (1. 25) = 1.35, 1.05 <mu (1. 125) £ 1. 175 (22)
2G4, 0.5) X475 2M4, 4, 2, 2
3.22 < a0 (3. 2813) = 3.795, 2.35=C maz (2. 3828) = 2.43 (23)
px,y)
1.0

p (XIY)

Fig. 11 Three-dimensional expression Fig. 12 Three-dimensional expression
of 2M (3, 3, 1, 1) with the upper of 2M (4, 4, 2, 2) with the upper
limit of mg population: 2G (1, limit of my (population: 2G (4,

0.2). 0. 5)).
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R11 4% (20)3RC IR LT meo O BRECo 2M(3, 3, 1, 1), BRI (23) TR L7 o
o ERECTD 2M (4, 4, 2, 2) D 3RIEAERTH 5.

6.

6.1 2HiRAER

RF—I~OERME

A - ERPDIZATRWINC RS BRI 2 BRTERSAE2HE L. & 2T,
ZOHNOLDR 2HERFER=V b e E— 0k Rkd 5.

R LieF — 241, EI18D37 & {EHLA 2942 DR KT BC KIS A /0T, Pl T ok

KWETHDH. &0 T, MEDOHEER L OFHTHR LI Uiy 2 h L hEsd
Box, y LUT2ME2, 2, 1, 1) &E2M4, 4, 1, 1) 2RDie. 2DOEEDAT 2 2 DfH%E
F33, 2MWA, 4, 1, 1) LF—2D 2y ¥ EREYEILCRT.

ERL OB Ebnb.

Tategahana
' Chikuma

— RS I NDOT
WEECHET ARSI TE RV, SOOI 2ME, 4, 1, 1) 3G I v#EE

Table 3 Parameters of 2MED to discharge

data of two stations,

T river 2M(2,2,1,1) 2M(4,4,1,1)
a 1.8875 9.5384
By -4.1926 -33.053
B2 2.6726 39.458
. B3 -18.184
™ Kuisege By 2.9935
§§\ Y1 1.4446 -1.9346
. . Yo 0.22082 5.3094
Sai river . Y3 -2.5014
Chikuma, Yy 0.37225
river 811 -1.0654 -0.95042
Fig. 13 Location of gauging
stations.
data ...
2M(h,’4,l,l) vee 1 f p.(x.y)
SR
1
e 1.0 2,0 3.0
_,"/ I .~ rﬂ '{p./ '/ }/ e Y
2.0 4 L7 e~ }/ o~ la <~
N o~ [ | _/’} e
s . & - P P -~
2,09~ 1~ f,/’ P 7P T~
P P P (e
300

Fig. 14 Probabilities of Koichi-Kuisege data and 2M (4, 4, 1, 1)

in each mesh.
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6.2 FRABEMEZENCHELICRRE

o, R O2BFERMOERK AR &L ek ST S Bt 0w & 4 O TR
UTc BB U filild T ENAERAET) », v L L TRR= b e E=dik ki, k4
eM@e, 2, 1, 1) DT 2 XOETHL. E— AV )

e p s _ . Table 4 Parameters of 2MED
DI FEREE 3 WP i S k=>t » &~

to rainfall-discharge

sk E S ot HIBX2ME2, 2, 1, 1) &5 —% data.
DAy Y ERYLW LI $DOTHS. 2M (2, 2, 1,
DIEF — 2 O4EPEAY &b XTHDHH, WEoE— 2mM(2,2,1,1)
FOMEARS TR Y, F—sbF LKoo _° 39403
5wy HOAICHREA R LCuiev s, TuagiE  §L | T3y
BHLOLITE V. X, 6.1 0BAELFERETH D, Y1 1.6623
F = 2 FDD I D T — 2 LA 5 S B R AR Y2 0.37273
XY, AATHOEOWH OWEIERELE LI . S11 | -1.7157
p(X,y) 1..0
data ..

2M(21211:l)”: ‘I’

3 'F @ 1.0 2;0 3.0
{/ il Gl . 9 Y
1,0 g e

| [ I
3
2.0 /-11- =p 7’1/ L
P P -
3.0 e - -~ ~

~ e

Fig. 15 Probabilities of Ueda-Kuisege data and 2M (2, 2, 1, 1)
in each mesh,
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) 2RIV~ HueBEREEELT, ZOAHDEMOE— 2 v 2HWCT B
FER B LI R, (ELREREMAEO LRk =" b v € =47 &L OBIRITKD
LR THo T
2G(1, 0.2):2M@3, 3, 1, 1), 2G(2, 0.5): 2M(4, 4, 2, 2),2G(2, 0.5): 2M(4, 4, 2, 2),
2G(2, 1, 0.2):2M4, 4, 1, 1), 2G4, 2, 0.5): 2M(4, 4, 2, 2)

2) 2G(1, 0.2), 2G(2, 0.5), 2G4, 0.5) 72H¥ 32—t LEF— 2 E2HVTE— 2
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FAET 58 LW BT Te.

5) RERBORASACET AT — 2 v b ERERBOMTEL - 2 v R BT,
2G(, 0.2) D 2M3, 3, 1, )& a2Md, 4 1, 1), 2G{¢, 0.5) @ 2M(2, 2, 1, 1) & 2M(4,
4, 2, 2) DREESWT Y LR, HETELE— 2V FOBIIREIRTS & & 2T
1.

6) 2HEDMOWRET — 2T 2ME2, 2, 1, 1) & 2M@E, 4, 1, 1) koo,
COE, T #R2ECH L 2Md, 4, 1, 1) BEERNIVGEREARL OB B
oYL

7 LA MR E ThRIE L LR BRSO F — 20 b k= v
b e =R RO AR, 2M2, 2, 1, 1) 0XAT 2 ZEEN IR 2T - &
DO AR INC & B 2 T fedd, AR5 Tldleh - fe.
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