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Important checking and observation points in the Tone River Basin
Table 1 FiiR)l|A)1ici it DB EA—E Table2 HUAKH[IRIEO HE
List of record droughts in the mainstream of the Tone River Comparison of restriction rules during droughts
' K HIBRE (% ingiil = (%
P kIR F*ﬁi%m 6) = Bl RFRICARISR 06
AL L bk | Tk | BK
$47 6/5~7/15 - 47 40 15. 15 | -
S48 8/16~9/15 — ‘<1 2 ”0 2 B
8/10~8/28 10 <53 = w | 20 | 10
553 gﬁgmﬁg ?g S54 27 10 10 10"
T 9~7/17 10 855 4 10 10 lg
$54 7/21~7/25 10 837 7 10 1o 1
7/31~8/4 10 562 71 30 30 30
: 8/11~8/18 10 H2 55 20 20 20
855 | 7/5~7/8 10 Hé6 60 a0 30 30
857 7/20-~7/26 10 HS 75 | 10 10 10
6/16~6/22 10
6/22~7/2 20 - ‘
562 7/2~7/15 30 @RI, @By ETH 2 (BEITPHAIKCKER
_  7/25~7130 30 BhgeE, 1998) . REL, BRTH LI, RFAT
ey 2 RZOART D 2 DRV,
7/23~8/3 10 b BAREBI-HLE k_rd'- & TR LBRUE
2 83~9/5 20 AR 5V EKRRO T BERT -V,
71227~7/29 10 ok AREE GREgRER) , X5, W, ¥
H6 T n K, BEMEKER, BERAKRRR LD DKX
8/30~9/8 20 FHCH D, TORT, FEERINE - REOED
12~7117 10 EEY2LHAE Fig 1OLICRELE .(%%’ﬁﬁ)#\
8/16~8/20 10 e EHFMOAEET) » EFEL, REANOHARE
T 20 DR IRELZEE, KERARD 5OREF—F b
-r 8/23~8/28 30 SERTVE :
9/1~9/9 20 , e
9/11~9/14 20
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FELHBRTRTTH . THK, ARICEFOBES
Ko ¥ 2 BERORUKEIRER (EghiEd0) 2R
T =L, FRNGERTR, WAROAMALLN TS
BUKBIIRREREREFEEDZ 2% (Table2) o &
=, Table 3 IR TR OBEEEKOPICABND L5
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10.31,@ $54.7.1~8.31,® $55.7.1~7.31,® $57.7.1
~T7.31, @ 862 .6.1~8.31, ® H2.7.1~ 9.30, ©®
H6 .7.1~9.30, @ H8 .7.1~9.30, @ H13.7.1~8.30
THd. 2D3H, DIXERCIBKEIREERS LR
o B, ERL 13 4E § H EAIE T/, SRR 6 £DOHRO
IENRRE 2 LEKESORBEERTLTWEZ .
5, SEHOBSHEELE.

b BAT—20OINE

Mo REE A BT 2 KERT— Y BINE
L=, ek OB, SRGKRAeERL, 3F
AEIZY AL EREEKHED 8 R ARAEEE
3R, RIBIZETRS, B, 5T, srEaRARE RS,
BA, FHE, B, RESEYLAHRE (10 #ER) ,
Y THOKE (1435) , KIE/BAMBA RS (3
M) , HAEE (11HR) , Ry 7HEkE (15 #sA)
DEE 3 A E R o, E L, F—F IR AL AT
HoREEHSRRLIC, TE3FETLRVEAETEK
%Mtﬂbfﬁﬁﬁ@@%%%%:a%mﬁkﬁibto

I RREEE

1 ERFBRAEOFTH

a Eﬁﬂmulﬂ@%g%;ﬁ]zi
DPTFTRXERAROBREEFEETT.. KEHEAR
&, BEHBEE (BAE, Fig 20 B HRIBEATOEE
ERD S AIOEREAEEZ LI WELD) BS5DHE
AR, BRAAOLRWAID»SDHRAR (WAL, Fig 2
®D, EHEEOKN), BUKE» S DETETEED 2,
Fig. 2 DEARIIRT LS, gl~a8: KMFA=Z (gl :
A-BRH, 2 :B-CHY, o3:D-ERD) , A: ¥ LBRE, B, £:
HETR, a: WIHEAR, b: kK&, (.1 (HEI)
HBAR, DB (HEI) MHEEL 2L, gd~a idW
DDA DBEHRBERHBR DD,

gl=B-(4+a)
q2=C-B (1
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Tabled FE/IiZBIT HEEERA—R
List of record droughts in the Kinu River (sub-stream of the Tone River)

I 0,
Bk il PR AR Emﬁégi) o)

6/22~7/2 20
7/2~713 30
<62, MO~INS 30
7/25~7/30 30

730~8/14 20
R/19~8/25 10
H2 8/3~9/5 20
7/22-~8/1 10
He 8/1~8/10 20
H3 7/27~8/28 10

g3=E-D.

E EESOIEREZTH TR IR D, EREICH
THEMFEEOR/MENEE RS, A~B, B~C, D~E
nzhzhtZV—7L, (- b=D OBEFEAVTE
heabie

"E=A+a-b+ql+g2+4g3 {2)

A~ER BT a, b OEAEDPS, g~ BHEETSE
2. ¥, EEEIHOBEYE, FTOXEREEPSD
FHEBOIEERARD—HL LCTFHIEDIENTE S,
b FRIMADER & FESE _

FEPZBECAERAEOEDR S REL = 728L
T, EEMSE LTHREBERSEOSNZ 8 V-7
ORELFEROBBEE(FRIN—7O~B) 21T
9, BEOEKT—FeH LD, HEME (TGOl
ARGE) Y ERELORBERfToR. ZEL, HTD
mAXomT, 2h2h 0dis: HRED 2 WIHHHRE,
Qout : Bk&, Qin: MARE T3, &AL Fig 1
WL (BBBHAED) .

O QdistE )= Quis(BR )+ Qais(RR)+ Qdis(B U

@ Qdis(FER)=Qdis( T AR~ Qoud Tt H & 1)

@ Qdis\}-B)=Qdis(E A Qout(BE R FI/K)+ QouIKH
BhA)+ Qoutd RIE )+ Qdis(Ft L)+ Qdis(E B+ -

2 .
A \ \
@ OB C H D oE

gl a2 \ g3

Fig.2 WRHEC X8R HHAMLE L REHER
Observation points and schematic diagram of the integrated

estimation
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Qdis(F - Qoud fE AT

@ Qin(FRFIE)=Qdis( M\ 3} B)- QoudFIAEINIRK)

B Qdis(BEEF)=Qdis{EAR)-Qout{ KfE~)

® Qdis(FHE)= Qdis(RIAR KB+ Qdis( 77 iR}

@ QdisitB)= Qdis(|I1E)+ Qdis( 1 E)

Qdis(An ) 1}= Qdist{E B~ Qout( B) + QouWZ) +
Qout (B I Quis{ 4B~ Qou )| ) + Qout(F iz
) +Qout 3B + QoutFH) +Qout(Kd 7 1E)
+ Qout(J5 B R}

¢ EMFABRDZEREE
LBROXMBAROE UANGE T, THIEDERAE
EbaWifz, HERACLBIT2BEZEEIEORAR
BEV, HUKBIDAAREZRA VTV, BLBOHRA
NEIFOREOEDLEERLZ, TOERXKERAREL
THETZ. FIT,

APQ = | EH) - &AFH) | /=R (3)

ZEFRT Do 2T, AP KERAER (BWEAR) I
, JEAD  EHEFE, AFH) HEEHHRETH %,
ZORERRBHEDIN—TTL (FN—TD~B:
HAMA (GrECER : 1,670kn') , BRI, ALEiH
(5, 150kn? ), FARAHE (6, 000ka? ) , B 7T #h 2 (472kn' ),
g (8,588km’) , EBIES, )R KRD S,

2TORARCBIT2EKHN L THLYDXERAR
HEEEE U EEAO—F (B 62 FONIEHA, T
B 8 tEDEEHS (R EFK) DHEMRE FIYE)
% Fig. 3 12HImT 3,

2 s aAa—DOREICEBZERTH
SETRR, PrV4 o —nORAES (B [
B, 1994, & - HiF, 1995, BER7 7V 1 ZEadE, 1995,
FEH - 2R, 1978, &8P, 1988 &) AL RN (£
BiatLE) BREAWVWT, RREFHEITICLES
A% B, AMNOREBEROBROBEBRRAIL 77V 4
{EOHEMER D Ah, FhPhERINZEROEAT
Fieoa—DOEZAFEEALTNE (F5E, 2001, 7
R VEFERT, 2000) . RO/ —2OFRRFEE
EYRAHII L hRE (B LELT, 28~Fb
A, 20K, BEF—¥ (Hg, BKERE) F—F
KFHgCgbhETEshI 2L, BATFT— Y ECATA
MICEZ T, BRIIEEEERT 5.

a HERIRA

7Y bz —OENCBIFRHEBEEICLD, B
WOZ1—I NF v b ERABICERORHREN 1 BE
ORREHOEZRERD T2, COFEELT, Z0DH
BEBICT VA VAT ADAL = v 7TEE (UT
MF L#7) 2EVWTW3S (Fig. 4 28) .

1 T T l T T I T T
0.8 -
ﬁ 0.6
|
< 04 s n\ ,“*\,AI\’
E_s
ot
FEMe256H 7H 8H
(@) N Bim
1.5 —————
=i 12 —
=
g 0.8} A Mo
4] 0.3+ -
ottt
ERIBETR 8A 8R
(b EBHR
Fig.3 EHHEALEOEEN
Estimated ratios for the runoff from residual areas
FRME
EREREE
100 T
1
i
4o
0
ESEE A EE
Fig. 4 ALi—3» 7HE¥ (MF) OXE
Definition of “Membership Functions (MF)”
AAY —F Whgn—7
e

HERR

HANE

Bk

MF: A=y 7%
w  MFOE &

PT: g~ F—F 0 (HEHD
PS: Ap = o b (HEEESE)

Fig.5 77Y 42— 03w LD RET
BeAEHE (WAE, ABREFH)

Discharge prediction and inputs/outputs by fuzzy neural network
(“Yattajima* checking point for instance)



Bk . 2 FRIE - AEE - B AR 0REEKEEO LD OMERE TG 129

7P a2 —0¥ TR Fig 5ICR LR L SRR
HWOBEBOEEE FRFROASEICH LCEE L
MF IZ& b&RBT 2, EREZ—HED MF TEZINZ /D
i (PS: Ny —2Ew M EEER) T, FEEHAOHE
BOEMEEIE, —HD PS TRRETES, A—
DEWNTHPRINEZERO PS 28D -ECHEHE
(PT: ¥ —>F—T)EWE) BEHXRTH. £2T,
TPV -k BV TREEE®ET ST,
mémﬁ42®¢§mé%ﬁ$&?5°
b Fv b7 —HKIG
7Y —nETE, AHER (BRF—4)
PRIBHEMAEY MR ERT PT OEALE2 VL
FLHICLT, W= N—7 (PG) BEHT B, =
ZTONY— I N—T7EFRTE2ED0ORETH 5,
LR L b, EBEHREITO 2y N7 BERT .
c EFBEEXLBENRSA—4
TZTDFEEEE, MF, P8, PT (Zh&HBHLT
J—IVERR) 2R TR TH D, £33, & MF
EHTHAAET—F (EBF—F) P—ED0HICEL
=8, 6RO MF OERZITD. MFOEAwid, A
HEHTE MF OEBERXR LT3, Fig. 5ICTRTA
HIN—=T BT N— 7O EERITITS,.
FYNFA—F I, MF 2ER T2 200FEEE,
MF DR ZET 255 XA —% (HEE, oEltbs,
BRENE, ERER2PT27—2 v M) , EROE
BRHAETH D (FHEE, MELTR, BT~
18) , EHERERTEEDONY -V HENB S,
d AR
H#HZ, FRELLIAATF—F R oloES
DEGVETIEE (FMEESH) 2EXHLT, EE
DERF—% (R, BUKE, BKERY) 2AVTE
BRI EER OB AR 2 1T 2.

NV BAXBOREFA~OBERHER

i EhE 11E (O~0) OEKEBON, BEER
THo MM 62 FDEK (D) LRIEDFER 13 EDE
K (D) 27rYiibma—DEEEEBEAERFRS
ABBETHHEOBREIIAWS I L F2F, 27,
Bho IEoEKEEOT—F (BKEEO~®B LT
@~W) % I COHBIERBEOLDDEEF S L
LTRW:E,

1 BIERSA - LFHBRONPEE

9, BELERMADE SN -7 (I 1bDF )—
T7OLIN—T7Q) BREHIC, X N— v TR
EDEDDEBNZA—F, LHAIEROBEE, AH
ERORIFEOPUMT 2T >#, 22 TR, MNEHH
DENZRO L RAIOESRDP S YHFEZEFALE, 2

DR, FHBAZTHAZTRAICHLTEENRIA—F 21
BDEFBVNTE, AR LTHEEREAND L, T
HFEBIIASREMEHPELTCIUEEIEL 2B L

(Relc, BA&ME) , BAEE (O~6, @~®)
TEALIERBCALLTEEI L3RR E
HLTAHALED BERRZALTH A L, RElZEK
I DB F— g A b & I REE DT
TRILEDTF—F 2BV ELAETZ L, RIS A—
TOELEE LD TR EDEFUALREIUBINS
TEREDSHBLE. '

Wiz, PR 13 EOEKEE@)0SEREZ FRL,
R 62 EEKOYOHRRO FHEER L L &I LBk
L. BEICEROEBNEAKIINLT, YHEEDO TR
WEL TR S RFR FPRSRMAE S WERE, W
BMeyic, RATHEENAE {IE L RSO FHEE
FmiglcEm o, BB, BEFEEFAAHBSIZHNS
FENS A=Y EE—TH 5.

2 AHBAOES

ZZTiE, REFAIELT, NIE (IN—70, HiR
X Fig. 1 28) TORBALORETFIERE®RA T
WIZ, FENTA—FDRE, AHNRRORERZIT>
7o BARNIE, Fig 5 KWmd L5ICAAEHE EFHA
HEREER (B4, L, S8) LRUkER #E5H
7K, LEEMRAR, KIS, EHE) 2EAL UTHRETL 2.
R L, ERMAEREERFRAOCEDER LT 5,
FNZNOHEROPTRAE L HEEED LBD DI,
wAOMANBE (%) ZFHELE.

1 &g, -4,
J
R NE 4.

%100 4)

CZWN: T—FE, q.: ERE, 9. REKRETH
Be

¥7, A EHETOEKREEFR TS0, 25
RS RX—F AHOEEN L DRED ZOPOBRE 21T
o FHRRSTIRNIBERAADLUHE TORRE AL
TNAED LI APS THAZETORERFHIL M, £
D, NIBHAOFHOBIIEENRIA—FDERE
AR RBRIRFCH o=,

a FRMAOREER

Tabled iX, 1 HAEDHE TR ZT ORI FRADY

Tabled FHAORRFIANASIC L 2 FWRE (1 BEFHED
Predicted error due to time series inputs in day at the checking point

(1-day prediction)

AT EEE | n=1 | n=2 | n=3

1 BSEFHME

DI%IEE 18.8 15.7 219 22,5 263
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HEAHRE S S0 EEMERORET —4 2R

Table5 ASMEROHLE

Comparison of upstream information inputs

LT IDOMRFERTH 2. BEOREERD
ERERAATELD, YEOHARROADS

TR A D PRI BV,

b 2EfEfRER

[z 1 HEORETACA LT, LHEORE -

EUKZ{FH2Z AN LaVWES, LRORE - BUKE
HHREANE LTEZZHE, BRNROKEH (FR
W, BR, Fm, H5%, Wilo5MEstoEs) 2/L
{HERAZBEEFEBRI LI (Tables) . FHMRADORESR
2EZE, LWRg - AUKERESTLILETRNT
LD E, iz, BRRNEHHR (HHOBKE) &, 7
L IMTORR (BRTOLH) LEBEEAD
WERREPoED, BRTEEVTRED, £TLEE
ACE S LERsRVWEWSIFERIIE k.

3 EMAASZERYALE-FAE

BE L& 310, BESLOES - BxBdRMEIs
FrRESORBEDISOHREREERT IO, &K
BOHBEAREEL 2, Thbb, 77V4{bma—3 )b
9 MCEB Y AT AQ AN KR LR Z AT
Do

=9, (DR TEBI N ERERARLE (X ORE
BRINZOP) TOVWT, BAURTEEE S35k
L HEREME B2 A S RERS L. 2 DHEE,
Q@S LI 3 AR ELTH S e Bah ok, §
kbbb, B, LES—ETHNEEHOLRNEK
EREL LTHETEL LEZ LD, HIRETOET
BEATLOHNEELERARIIHT S -EEELT
BT ERV, BN, CORMRASIBREERD SO
RHBOHT A S ARRORABEEER»SAE LD
YUTHEATE S,

ZheDiERODS B, KHRARKEORERICLSTF
HHEROBEEZHENEETCHEML AL T Table 6 TH
%, REFARLEEAVEAPFEBRER V. 20
Zrlik, LHEOASG LTS FAHGEE TR UE
BLD, FRANCH ERERS Do EZ BB,
RERARLERZEALT, T OEETOTHET
FREREPLEICIOVWT Fig 6 DT T. BADEKTS
1= FERT 62 FBAICKT 2 FRRED S B, 1 HeE, 3
H4, T Bkoborzh2hiBAT, BHELHEEL
T3, 1 HAEOFRRLAKBICSIET s 2 MM
HLPTARBETINARTS 5 —HT, FHHDE
0723 &, Table 6 DFERFER, AR5 b FRAKEIE
{ToTWa, ’

4 THRETOREFREOLE
LREHE TOMED S, ERAORE - BUKEER
CEERALEEZR D AMEFAERTI. £k, FHR

A=A A I OE CARRRRE
A TR ARET FEEH 19.4
B Tl E R+ FRESHIER 222
C TR T B+ MR 16.2
D THRIHETE 18.8

Table 6 FETHFBROETHRE (%)
Estimated error of predicted discharge results
THE K Ef AL L R FET i\ e 2 A
1E% 19.4 18.0
2 B% 25.5 20.4
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An Integrated Method for Discharge Forecast to Manage
Severe Droughts in the Tone River

MASUMOTO Takao, YUAN Xin, AIZAWA Akiyuki, KUBOTA Tomijiro and MAT SUDA Shuh

Summary

It is essential to grasp runoff situations properly and to predict discharges by using availgble information of water resources in the
entire watershed under critical conditions such as severe droughts. In the watersheds with multiple dams and diversion facilities,
however, discharge forecast methods during droughts are yet to be developed, as well as specifications of those data yet to be
standardized. In this paper, as the basis of rational watershed management to use time and space information on dam releases and
. head work intakes, a method using knowledge acquisition system with the fuzzy neural network was developed for predicting runoffs
from residual areas and those on reference points. Then, this method was applied to eleven record droughts experienced during the
last 30 years in the Tone River Basin.

Key Words: drought, prediction, time and space information, fuzzy neural network, knowledge acquisition
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