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A STUDY ON LONG RANGE RUNOFF SYSTEM
BASED ON INFORMATION THEORY

By Takuma TAKASAO and Shiichi IKEBUCHI

Synopsis

Because the long range runoff system is essentially the stochastic one, for the
analysis and synthesis of the system, it is necessary to disclose not only the deterministic
characteristics but the statistical laws contained in the transition system from precipi-
tation to river discharge. From this point of view, this paper proposes the methods
of the analysis and synshesis of the long range runoff system based on the concepts
and the techniques of Information theory.

First, “ Statistical Unit Hydrograph Method ” is presented using Wiener’s Filtering theory
after verifining the stationality of the daily precipitation series and making time-invariant
and linearization the system. Second, in order to clarify the interior statistical mecha-
nism of the system, a method of the transition probabilities among the runoff states which
consist of surface, sub-surface and ground water runoff states, is proposed based on the
assumption which the Entropy defined by Shannon becomes maximum. The applying
results of these stochastic procedures to Yura River Basin were good agreement with

the natural stream records.
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Fig. 1 Schematic diagram showing “ Statistical Unit Hydrograph.”
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Fig. 3 Block diagram representing the runoff system of snow melt.
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Fig. 6 Map of the Yura River basin.
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orr(T)= iéle(,') “R(i +1)/i§1 R2(J)  seeveeeeeimecimiieisnt (5.1)
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Fig. 7 Autocorrelation coefficient of daily precipitation at Ashiu in Yura
River basin.
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Fig. 8 Autocorrelation coefficient of daily precipitation at Ashiu.
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Fig. 9 Autocorrelation coefficient of monthly precipitation at Ashiu,
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Fig. 11 Crosscorrelation coefficient between daily precipitation and daily
average river discharge at Arakura.
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=1 i=1 i=1
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Fig. 12 Relation between \/Z'; and basin area, A.
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DENRI DI hRELL EoTEIWV EVE LS,

5.3 SN

WECADCH % BRARIIOEROEEINDD L REDT, DFCROTE, B - THE
BIRAIR A RDTHL 5, FEHEAR h(z) 1 Wiener-Hopf HERDOEEBIHIRE

é‘oh(k) Drr(r—k)=0ra(z)  (TZ0) corererrerermremimentantntieie st (5.3)
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(1) —BaEAECKAHENMAR ,
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h(t) DTWRITE, TP B2THB, 3) BD h(r) BH/HIRE L€~ 27HXER L LBHETH
D LA—HL T3, 4 KLERE -7 2B LBFETIL—FHL T3, ©—7EZERREE
KRELIB, 5) BED @) LKOFREBLHEY LT 5, 6) 0 h(G) BEEFXBALTOF
BRRKHBESE2 R TL0THY, €= 27HL2EDTRETHED L {—H LT 5, LELEDOHILE,
ﬁmﬁﬁbtmbo7)nﬂ5k&5ah&)ﬁﬁtt5#,_hmﬁE%%DHﬁQT#%Gka%O
¥, b)) BRARRATSD &,
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Fig. 13 Statistical Unit Hydrograph in summer based on the uniform
separation method.
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CXAEREOHNED h(r) CIAHHEL D LEUMET L {—HKL T3,
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Fig. 14 Comparison with observed and calculated river discharge in summer,
at Arakura.
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Fig. 15 Statistical Unit Hydrograph considered the variation of soil moisture
content, at Kado.
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Fig. 16 Statistical Unit Hydrograph at Deai in Kuta River basin,
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XC Fig. 16 3R UHEXASNFEBE A GUREE 20km?) CHHLER TH 5. 1FHD
() TRBROFELIFERITE WA, I MNERORBEAZHTHS & L PRITRL TV 5,
(3) BEPOMENEME
3.3 3) TR~ BREREOENFEYBSRINOEMT S Table 1 Division of the Arakura

FERVIED 1 At 4 AORRICER Lz, fAuiBRHTse . basin.
WEAORVERET, AREFERS X ORTRE TS, - Zone | Elevation ogﬁggm
C DOHIROEE W 600 m TH D = & Hbifiifs Table 1 (m) %
DYE>HE LI, FEMAIIEE R 400m THY, b A, 300~500 32
58 A DWEBERERRLS D, Lichi-T, BLEOBE A, 500~700 50

AT Ao 4 © T, R % (3.17) #5X0* (3.18) X TH Ay | 700~900 18

FEL, ZHHEDO Mr,Mr % (3.16) EbHRD S &, (3.19)
AL > THIBO HMEE M B Eh5, ks, WAEKC L LTS 0ER, BHER»D 4~6
mm/°C bR T BDTEN®, & & i C=5mm/°C & L, ¥FA-KEOTWIER £ & L TIE—c
WhhTwb 0.6°C/100m %, BoKOWm=E 1 & L CilhBIINROES @S o BKE L OGN
1.2mm/100m % 52 tc, BEXBECOBLELFORE 0 13D ANE(LEEEBL T, 1 A 50.3g/cm?,
28504, 3A;0.5LRELLY, SHI, BRELKTIEROERIIEMKETCIPRTHRVOT, —Ik
Ay OFEBHIOAMIE A CREBCRE I RTOBREND Y, TORIAMIX As BB DS LEEL,

DEDOBEFEECS ESWTHMBZEYEEL, AJIIKE: OMTRSHO FNBMIREY RDIcbOmn
Fig. 17T TH %, h(t) BRETHED L —HLTKD, BARIANIKEOETRDLEL, BOBRC
HRBE, CORENEHTHSLZ Lilbhd, i, h(r) OBRIBMBHBOKEEL X {EHLL T3,
THbbAEREITOHDOHEC LI EIRTEL, BHb- L5 HHL, DBIZO3mciIBL
TRicbcs, Lnd, ©—7{HZERRBESNTIE L, 1 BURCERKOABAH M3 5Bk
HE D D3 o W Z L D2 L 2ibh B, ' .
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Fig. 17 Statistical Unit Hydrogréph considered the daily snow melt water
) at Arakura. .
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Table 2 Values of F
F=XQU()—Q*())¥/XQ()? Q) ; observed, @*(s) ; calculated.
A ; by the uniform separation
B ; by the variation of soil moisture content
C ; by the daily snow melt water
Winter Spring Summer Fall Annual
Zone Year
A C A A B A B A
1954 0.329 | 0.413| 0.158 | 0.285 | 0.262 | 0.145| 0.138 | 0.413
Arakura 1955 0.450 | 0.348 | 0.081 | 0.133 | 0.090 | 0.091| 0.078 | 0.512
1956 0.233 | 0.324 | 0.225| 0.111 | 0.113| 0.193 | 0.158 | 0.728
1954 0.188 0.084 | 0.120 | 0.100 | 0.048 | 0.066 | 0.189
Kado 1955 0.286 0.046 | 0.111| 0.106 | 0.111 | 0.156 | 0.658
1956 0.069 0.155 | 0.263 | 0.136 | 0.079 | 0.092 | 0.610
1954 0.254 0.205 | 0.133 | 0.119 | 0.050 | 0.027 | 0.994
Fukuchiyama |- 1955 0.216 0.126 | 0.138 | 0.256 | 0.193 | 0.146 | 0.762
1956 0.079 0.145| 0.120 | 0.102 | 0.076 | 0.084 | 0.686

Table 2 (3L EDHEFEX—HEL T, *OHENR L ERRBEO—BOBEXHENCRLILL DTS
b, FRIOBECOWTHEBL- A —BESEBRTE 5,

(4) #RTROBAROMBIHNE

EROFEHEMROBHIETFHER KDC-II 2B L TkdicbDTH 5, Fig. 18k 20 KDC-
11 & X 55l b SR B SHE L b ROTERTYHBE L b0 TH 5, BFEPICEG-TImEEL,
HD—HL T 57, BEHCE W TUI—ROBENEG, LithioT, BFHMO X 5t ATRFINE

g

~———— PRECISE
= == APPROXIMATE

-

day)

-
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Fig. 18 Comparison with the precise solution

and the approximate solution of
Statistical Unit Hydrograph.

(@) Rainfall season.

(b) Snow melt season.
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ML RGCET 2 HEL LTERDTH Y, HER
BLEAHEND DV —HLTWB L EELD L,
B 3 BB CTORBTR, REREOHTE
C D AEIEHEEVZ X 5. & KRKEROT
RBLTW3IUEERBOBRLED B HFITILZOT
LA THD, 2) FROBEXELS L, BRH
CEWTRHBER LA ER L hE:, BERHOE
BL O AR X ORI sV TGIRS P oaH
BN ESTHB, 3) BFCIVT rD,
rarAd IO B 7%, BEHCHWTE Cpdicl
M5z Bhs L ARRE TR I HERMOTIRC b ¥
BCHATERITTHB, L, TILETE
CXoTh € —7HD EEBO MBI KR L L TR
D, EREEFRBRCE T OEANIE LY, &0
BB AR E LTI o¥ 0 ENEH{TE S, 1) HERK
i & R ORI 31T 5 BB EIROFE » TOFUK
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TREOESHES, BUBEEVERECADE Lo T 5, KPR CILPMRHER L BBEROER Y
PRI OBAME 7e-4 THZIH, EEBSICKSWCTIBEBFIR ro-4A LD L DSicflind AR-L
TWHIEREZDRS, LichioT, re-d {HUERIERYRS & UCHEET 5 20 TR KO IR
BotaihE b, FORER L DEALLORT B LABETHS, 2) BEHCKV TR, B
WOABEY+HBRHATHLEND B, 3) FEAKOEKS DTGB LT X » CRICAZRBE S
MBI BBEDOEME, TibbABNLROEEERY LERBL T {LEND S,

—7%, ERD X 57c%% Black-Box & 32HWICIHBRENRDHHDT, RONTEBELTDOLODBEREY &
hELIIN Y, FEEMREE AT L VBEOR <, FEALHEN - FTREYEAL T Z
BERd D, HLRORBEBCET2ERLE ) LicfAY BIETLOTH 5, HBJINEEAER Uik
Bz onwTtEELL S,

5.4, FHREORERES

EE e EMi~ 2 7 BB L 20 LR OREEBHEER Pu(i) & (4.8) RTELLREM, REOH
R Hic o TRORBEED LT HIX B,

R~ RERE, PRI, HMTARBIRED 3 o0RBEY LD 5 5%, BEALTORRMITH
FR|ETHEAIE, FERBREBG LA AR, PREEE, BTAEHRBOEEREYEZ 2 h
5 THB, Wi, REBYRBOAXITELLZ L12T5 &, PRKHRBIEECA X LIEREEY
LY, ThLOREY 1 DORBTERLNVDT, W 2hDBBIAT TROIBIFRINAS, &
AN A TIIEREY 52 I ROYEATE B B TH 5 O THRIIIKBENOBFRCHic - T,
SRR S IRBERI O BRI A I LC, Table 3 D 5 kBRI TREBLER TS LCL

Table 3 Extent of runoff state and rainfall state.

Runoft state | Dely river discharge | Rainfall state o dny
E, 0~ 5 R 0~ 5
E, 5~ 10 Ry 5~ 20
E; 10~ 20 Ry 20~ 40
E, 20~ 40 R 40~ 60
Es 40~ 60 ‘ N
Es 60~250 Ry 60~120

Table 4 Transition probabilities of runoff states, Pi(j), in the case of Ry.
where the upper and the lower value of each blocks represent the
observed and_the calculated value, respectively.

E; E, E; E, E;s Eq
E 0.273 0.455 0.236 0. 036
! 0.255 0.314 0.431
E 0.022 0.267 0.644 0. 067
2 0.053 0.255 0.692
E 0.154 © 0,577 0.269
3 0. 005 0. 094 0.505 0.396
E 0.312 0.688
‘ 0. 050 0.120 0.325 0.505
E 1. 000
d 0. 008 0. 035 0.375 0.582
E 0. 250 0.750
8 0. 004 0.034 0.184 0.286 0.492
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Table 5 Transition times of runoff states, #j,
in the Case of Ry (unit; day)

E, E, E, E, 1 E;s | Es
E, 2 1 1
E, 5 2 1
E; 8 3 1 1
E, 5 3 2 1
Es 8 5 2 1
Es 9 5 3 2 1

too Tods, WAHLEIITIATH D, [FED 250 md/s, 120 mm/day 132 FHFER T DR IE D BALE,
BIVARBYEMIEHCETIRRRE TS, ¥, BEHROTEEELEELC, 6 41 B21510831

A ¥ COMERIIA MR & Uiz, Table 4 O LBHT, TR IS %284 ~405ED AREAKR & A PS5
BERSHRDI: Ry 2T 5 BB HROEHETH D, i, TEIX, Table 5 Th 2 5h s REM O
B £y HFIWT, =V R E—RKEER L o TROHBBHBRTH S, MELHET5 L AkE (Rt
B HHH, SEICIINATh L —HL T3, ZOXSR\EENMLI—FKLT5Z &L, it
Re=v b e —HBROEHAFELIRTHE ZEXETER0THY, 25 LFER Y » THERD
REEB OMERIEEN, 2 I ENTEL LD LBLRS,

A8, =5 LI-BHRNT7 7 e —F A ORISR Y OB L ERALT, TOFEMEAEFL TN L &
L, RBOEHY PR DEL, REOMEFRMLCEXMO ART, X hEFHEL T I,

6. % B2

ARG REREOFRN LS E L, TOBBLEREROBEEYEALTENLICLDTH S, BK
RANDEFY, ROEYE, SRS EL LT, Wiener O - TRER A I HRCHE L HEHY
BRI, REMKEROSEESE Y EBCIBBT A FRELTEDTH D, L CHBEELELE
B LU A-BRMOMI BRI, HREEER AT L U Mo B R R R T ROBEDHE TS
I+ THE XN LT, Fhe, RNBOMREEY I <H S & LHINRDOREERICET
BERL, RL=V e -—RROEHIALINTE ZEERL, HHROREBEB =V e -5
KMEEC I > LML BBHERTERTE L LTI LI,

Sz, 5 LHEHRNT e —F2MOBBICLEAL T, TOFMMEXYFEL T L LB, B
#, BB 2IERERS O L O+ ais Y E L, HANRIRKEL—BEEDR O T
WEL, BT, HIHRORBESOEEXIEL T, X AARNSHATUELYBZ T, HETHBEA
ik &EhE T, L VBEOE S OLENRRIEREDO Y (2 v -y a2 v « EF A EHZILTTNLD
LD TH5D,

BB, AHRICHIC > TRIGETEE e W e R TER O ARBERISBICRBHOB L S S5 &

L, FHERSCCREEET I GRS ok bidd:, BPEERCHELYET 5,
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