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A CONSIDERATION ON ENTROPY MODELS
OF RUNOFF SYSTEMS

By Takuma TAKASAO, Shuichi IKEBUCHI and Noriaki SOGAWA

Synopsis

Because the long range runoff system is essentially the stochastic one, it is necessary to
disclose not only the deterministic characteristics but the stochastic laws contained in the
procces of rainfall-runoff. From this point of view, T. Takasao and S. Ikebuchi have intro-
duced the concept of entropy defined by Shannon to describe the rainfall-runoff system.
The objective of this paper, expanding their study, is to define the transmission rate of the
runoff system with due regard to that it is a lag system and to find out the transition pro-
bability among the runoff states on the assumption of maximum entropy and maximum
acquired informatiom content. The applying results of these probabilities to Yura River Basin
are good agreement with natural stream records.
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Fig. 1. chart of state transition in runoff system
where rainfall probability is regarded as
the prior information.
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Fig. 2. Map of Yura River Basin.
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Fig. 6 OF-HEOHRERMBOEEICEOTHFEIRE ! O L AICHHBK s 25ER UTHE R 1 2
(=i+s) RIZ-7c&TBE, 20 | OREDPS § ORBICERT 5 DIKET 2 B REM OB 2
b &F 3, Table 1 {2 Ry DBAD tiy ZEHKLTV S,
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Fig. 6. Schematic view of natural recession curve.

Table 1 Characteristic value £;, being introduced into the assumption
of maximum entroy, in the case of Rs.

Ej E1 E2 Ea Es Es Es E7? Es Es Eio0 | E11 | E12

E1 10 5
E2 20 10 5
Es 20 ! 10 5
Eu 30 | 20 | 10 5
Es 50 40 30 20 10 5

s 50 40 30 20 10 5
E? 60 50 40 30 20 10 5
Es 70 60 50 40 30 20 10 S
Es 80 | 70 | 60 50 | 40 {30 | 20 | 10 S
E1o0 920 80 70 60 50 40 30 20 10 S
Ei1 {100 | 90 | 80 | 70 [ 60 {50 | 40 | 30 | 20 | 10 5
Ei12 {110 |100 90 80 70 60 50 40 30 20 10 5

WRICEHEAE L THBD, CHREAMICREFERE § KK s BANShTEO NI I(=its) &0
SRERIRIED B 7 VSRR EHENIC S 5 INE KRS TFORICHALLERTHELEZI N
B, R~ THEEDLDD ! EVIFEREND, Tk 15 Y7 /NSOVFFRRE~ER T 20ICET 24
WefEE LT ‘17 2R T3 L thOFFIREIC S 72 5 ShEKITORBIRD BHO LI S2RHAT S
PRF A —F by, KEHEHITEEELO0ED0, Ly i

12 BBHRNTERT 5, Table 2 13, ZDXSRLTELNK L OfE%R Ry O AIKO0WTEEELLS
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Table 2 Characteristic value Z;;, being introduced
into the assumption of maximum acquired
information content, in the case of Rj.

Ell g Ez Es Es Es Es

E1 1.000 | 2.000
E2 0.500 {1.000 |2.000
E; 0.500 | 1.000 [2.000
Ey 0.333 10.500 [1.000 | 2.000

Es 0.200 {0,250 {0.333 | 0.500 [1.000 |2.000
Eg 0.200 | 0.250 [0.333 [0.500 |1.000 |2.000
Es 0.167 | 0.200 {0,250 | 0.333 }10.500 |1.000
Es 0.143 [0.167 |0.200 | 0.250 | 0.333 | 0.500
Eg 0.125 {0.143 |0.167 | 0.200 | 0.250 | 0.333
Eio {0.111 |0.125 | 0.143 [0.167 | 0.200 ] 0.250
E;y {0.100 |0.111 0.125 [0.143 |0.167 | 0.200
E12 [0.091 | 0.100 {0.111 | 0.125 {0.143 |0.167
Ej

Ei E7 Es Es Ero En Ei12
Ey

E2

Ej

Ey

Es

Es

E7 2.000

Es 1.000 | 2.000
Es 0.500 | 1.000 | 2.000
Eio 10.333 10.500 |1.000 {2.000
Ei1 |0.250 | 0.333 | 0.500 | 1.000 |2.000
E12 |0.200 | 0.250 |0.333 {0.500 |1.000 |2.000

DTHBo
5.3 BERRRUVER
FROBEHTHEROBEERSRONREEL LT, CCTREAIELESFETHAIN2DOH
LURDAEFIR~ER Lizo £ DR Table 3 ThHy Case 1 IEROHED 1 DTHB [V v/ Vil
HHERD O A AKX BEROREEEE O TRRON T BREEBHEROMR, Case 2 BEIE DL
#, Case 3 RBBABORAPHEERLTVS, ChOoDBEEREEEE T2 LUTOAPERTE 5,
(1) FIHAREE E: OREINE W EZEs;) 0L %, Case 3 BffiofRic B LT FAEE LD X HBAL
KR R 5+ AEROVBENESN TV S,
2 FMEPRME E; BRELLBE, ED Case HEAEEO—HERETLTL 348 E=Es Tt Case 1
MSEEERRY, ERMEERLSHBLTHS,
(3) Case 2 OEHME & ERBEO—HEIZHIIRE E: chdb b Case 1 & Case 3 OIKAIBET S
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Table 3 Transition probability of runoff states, p,,(j), in the case
of E;, where the first, the second, the third and the
fourth row value of each blocks represent case 1, case 2,
case 3 and theobserved value, rzspectively.

RsEJ E, E. Es E, Es E1i2
1.000
R, |1-000
1.000
1.000
1.000 N
R, |1-000
1.000
0.625 [0.375
0.209 |0.791
R, |0-178 |0.822
0.031 [0.967
0.500 | 0.500
0.209 | 0.791
R, |0-178 [0.822
0.031 | 0.969
1.000
0.014 | 0.206 | 0.780
Rs |0-031[0.224 J0.745
0.002 | 0.031 |0.968
1.000
0.001 |0.014 [ 0.205 |0.779
R, |0-001 0.008 {0.040 [0.212 [0.739
0.005 |0.072 | 0.345 [0.577

EMEN,

5HDA, TRTOBKREDS >WIBKEBEC OV THEHREIRORES X (BETEFVHELE
FLWZERESETHRVY, EPRHEBROBNN S, H30VRKBFHEOLE,S, bhbhid
E; o/NE0EE, D R, WINIE & SERENEOEE TRORELHATZEFVEERT S, £0
£H13EZLMD Case 3 REFUEMHRMEFNTH 5 & & SICHBMTIRIENVIC LTS TEMNCTER
BELTOEREHEBALDTH S EHET S, Case 2 b OXHINWBHLLANRIVESLLDTH
2LEbhB,

6. # L

AT IR BRI RIGIC AL T B RREEM BRI D AN 354 5 Shannon OFHER
FEROTELL, MHBRCLY P e —RBARRZEL CEiRE-T, I 5BELRCESHERREK
REZIRET 5 C itk p RERIOF BB ERERICHE UKBEFERNOEBOBRERH® L X 5 &
T2L0TH B, 2OEE, REROREEBHBL Y b o C—BREIC L > TE LN ZEBRECIERT
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EBCENLVHESRICITY, FHAPRET D BIIREEEREO/NS VW E A0 5 OBH TIIEARER
BREAMGECKD, SOICHELCEBTS, COEFVORYMENRIESN,
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SERVEIETHR U BEREERBCHEATE 3 X OWEEMA LV EEL TV,
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pp. 193-209.
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£#£2 A, pp. 65-69.

BHEERE, MEME— ®IRE: BF - REERVAF A0 Y o E—RER, BRSSELRFES
BAVE S ERAEIR M A RSB ES, WRIS64E6 A.

BHEE, MRE—: =Y o C—-RAERN - WHEREYE &2 0E 7 vl FHRREHXIE
FREEEREE235 B-2, FERISEFE4A.

BREEE, MlNE—: RESEKOZ Y o ©—§R, 1AL, FRWBEKGEE6, 19784
5H.

Hithd)

KRBFEP, FOE— ASHHE: HHER, 4 — otk BATEIZH, pp. 24-27.

BHH4)

BiH5)

BIH2)

(121 (4.14), (4.15) ROBN

C OREIc BT 3 Lagrange B¥IT

Li=I'+3(S P —)+£(S Q=D +3 6,5 P QPu() ~P) + B ru(ZPu( =D D)

LEPNEHE, ERE P, Q KU P.() KBLTERICTHE LN, 221, v § 0, RU . 3R
EERTHB, STORE Pu(), P KT Q. TRESLT 0 tELNEEL L,
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P“(j)=exp(_1_?f;_‘7‘_z)_) « XD (L Byt Celyy) wwermsrsssssssssssssssssssss st ast s ®

s

&3, ThEHHEHED1DTHZB.)RICRATEE



B EN Y o~ 2FNIETE2,3 DER 157

— l.ﬂ." - 1 ---------------------------------------------------------
exp(-1 P,-'Q,) STexp (= 10,7 ¢ 1) ™
J

L12%o fE>T Pu(l) B(6), (DALY
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Pi() STexp(— 16,1 ¢r l,;,) 8
J
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%.{_ ; + 510, P A5 Ay QB TPy =0enessnssssssssssssssssssnnsss s as)
J s i

DRI P; BRL { KOV THRREES L

-1
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S Plog P

I
BELNE, IHREUNROEERDLERERK " 3

+I'+33 4, Q=0 s vees e nsissnir et s s (16)

+A+2j9].Pj+2[]i.Pi=0 ............................................................... Qan



158 WABRARFER #245B-2 (H56. 4)

g XPilog P
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