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ON THE PROBABILITY OF WATER SHORTAGE IN
A RIVER SYSTEM WITH A RESERVOIR

By Masashi NAGAO

Synopsis

This study aims to clarify the possibility of water shortage by means of the theore-
tical application of the stochastic inventory model when the water-utilization is carried
on through a reservoir.

Firstly, at the time of adopting this model, inflows should be transformed into random
variables under consideration of their seasonal variation. The seasonal randomization is
done by the prediction theory due to the linear combination of past data. Then, the
stationary distribution of water stored is deduced by using of the theory of the Markov-
chain of the stored water. The deduction is done in the following two cases; the one
contains fixed capacity of reservoir and demanded release of water, the other the seasonal
variation of capacity of reservoir and demanded release.

Next, on the basis of this stationary distribution, the stochastic treatment to estimate
the probability of water shortage at any time and to make clear the relation between
the probability and the duration time is developed, and the necessary mathematical
expressions are shown. Finally, a computational procedure applying this theory to the
Yanagase Multi-purpose Reservoir is shown and the availability of this approach is
clarified.
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Fig. 1 Seasonal variations of autocorrelation of the total disharge during
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successive j days, where r shows delay time in unit of day.
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Table 1 Basic data in order to get probability of the water shortage
in Yanagase Multi-purpose Reservoir.

Notation Number Capacity of | Demanded
s Season of Step Ns | Reservoir k* | release m*
nter
I Nov. 1—Feb. 78(120days) 2
20
Spring
I Mar. l—Jun 3(95) 19
3
Rainy
o Jun. 4—Aug. 2(60) 12 o1y
16
yphonic
v Aug. 3— o 31(90) 18 (Case 1D

* The unit is 3 m3/sec.

i) frKBEOHBHER

2T, UEOEERAVCTIHAREDER ML RS, Tl ) EEHNLBAERS L OE OfKERE ©
BI#E¥EET AT TH B, HHOEE L, Case I DWW THEFIEEXTRE S,

¥7, Fig. 3 DRWMARDHERS MY HVT, FEHEO 5 AMMRE D BKEOHEBHERTI IR,
I1ZEOHH Table 2 17 Py L LTRLTH B, 2%, ZhEEHHROHBORLETHTEbEL~N2
A, D% D, 1 EEEORBTTIO 1RO Table 3 D P2t L LTRLTH D, fnk, “OPHO
FITit, BRANELALRRBDT, FED 1AETECTH B, B, FEHMZE L TOHEBTINL, =
L2 1 FLBD 1ETiL, Table 4 © Puy=PHP P 2Py DL 5t/ b, ThifZFnL{AL
B 782 DT1ITREFERLTH %,

LictinoT, ZOEREY (15) RCRALTRDLNAFKEDER 5% Case I, Sase II 122\ T
JEBBHER L L TRLICDH Fig. 4a), Fig. 4b) TH5, 7ok, (6) RTHELLhHEERACKT S
BRI, KE m—1=2 it T % JERBMRD fH: LTiAL Wb, WEDES, Xcilize
AEBKL, iz, BRI, HEDEAKLLVI EXERMCREN, FRAEYRTEELLST
RWBETIREKRBSE 0 ENE LRV L LS,

iv) EGEHIR & BakEER

BRIZ, BKL MR E OBELYROERYTT. T 1FHRTORBGRE LD D, FEHRNDOH
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Table 2 Example of the transition-matrix of the

I/ 1/

I/ =
W/ 05 |

o4

IT]
[[7
7]

he-

*

I

stored water in Case I.

€

M—A—N—

Season

Fig. 4(a) Stationary non-exceediong brobability of the

Py
~ 0 2 3 4 5 6 7 8
0 | 0.9550 0.0109 0.0040 0.0023 0.0016 0.0010 0.0006 0.0004
1 0. 8930 0.0229  0.0109 0.0040 0.0023 0.0016  0.0010 0.0006
2 | 0.7240 0.0620 0.0229 0.0109 0.0040 0.0023 0.0016 0.0010
3 | 0.0980 0.1690  0.0620 0.0229  0.0109 0.0040 0.0023 0.0016
4 | 0.0000 0.6260 0.1690 0.0620  0.0229  0.0109  0.0040 0.0023
5 | 0.0000 0.0980 0.6260 0.1690 0.0620  0.0229  0.0109  0.0040
6 | 0.0000 0.0000 0.0980 0.6260 0.1690  0.0620  0.0229  0.0109
7 | 0.0000 0.0000  0.0000 0.0980 0.6260 0.1690  0.0620 0.0229
8 | 0.0000 0.0000  0.0000 0.0000 0.0980 0.6260 0.1690  0.0620
9 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0980  0.6260 0.1690
10 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0980 0.6260
11 | 0.0000 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0980
12 | 0.0000 0.0000  0.0000  0.0000 0.0000 0.0000  0.0000 0.0000
13 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
14 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.0000 0.0000
15 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
16 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
17 | 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Non-exceeding probability
/ '/ // ]
/ / ///
c / /
o
: sty
o ]
: [/ LAl
2
7]
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stored water during 5 days in the season I (winter).
9 10 11 13 15 16 17
0. 0003 0. 0002 0. 0002 0. 0001 0. 0001 0. 0001 0. 0001 0. 0001 0. 0001
0. 0004 0.0003 0. 0002 0. 0002 0. 0001 0. 0001 0.0001 0.0001 0. 0002
0. 0006 0. 0004 0. 0003 0. 0002 0. 0002 0. 0001 0. 0001 0. 0001 0. 0003
0. 0010 0. 0006 0. 0004 0. 0003 0. 0002 0. 0002 0. 0001 0. 0001 0. 0004
0.0016 0.0016 0. 0006 0. 0004 0. 0003 0. 0002 0. 0002 0. 0001 0. 0005
0. 0023 0.0016 0.0010 0. 0006 0. 0004 0. 0003 0. 0002 0. 0002 0. 0006
0. 0040 0.0023 0. 0016 0. 0010 0. 0006 0. 0004 0. 0003 0. 0002 0. 0008
0.0109 0. 0040 0. 0023 0.0016 0. 0010 0. 0006 0. 0004 0. 0003 0.0010
0. 0229 0.0109 0. 0040 0. 0023 0. 0016 0. 0010 0. 0006 0. 0004 0.0013
0. 0620 0.0229 0.0109 0. 0040 0.0023 0.0016 0.0010 0. 0006 0.0017
0.1690 0. 0620 0. 0229 0.0109 0. 0040 0. 0023 0.0016 0. 0010 0. 0023
0. 6260 0. 1690 0. 0620 0.0229 0.0109 0. 0040 0. 0023 0.0016 0. 0033
0. 0980 0. 6260 0.1690 0.0620 0.0229 0.0109 0. 0040 0. 0023 0. 0049
0. 0000 0. 0980 -0. 6260 0.1690 0. 0620 0.0229 0.0109 0. 0040 0.0072
0. 0000 0. 0000 0. 0980 0. 6260 0. 1690 0. 0620 0. 0229 0.0109 0.0112
0. 0000 0. 0000 0. 0000 0. 0980 0. 6260 0. 1690 0. 0620 0. 0229 0.0221
0. 0000 0. 0000 0. 0000 0. 0000 0. 0980 0.6260 0.1690 0. 0620 0. 0450
0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0980 0. 6260 0.1690 0.1070
Non-exceeding probability

17
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aoe= 7
12 0.99 ’ | —
0.95 / 0.9 / /// 05
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Stored water in ddm
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Fig. 40b) Stationary non-exceeding brobability of the

stored water in Case II.
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Table 3 Example of the transition-matrix of the stored
water during season I.

P

0 1 2 3 4 5 6 7 8
0.9238 0.0318 0.0170 0.0085 0.0054 0.0038 0.0026 0.0018 0.0013

9 10 11 12 13 14 15 16 17
0.9238 0.0318 0.0170 0.0085  0.0054 0.0038 0.0026 0.0018 0.0013

Table 4 Example of the transition-matrix of the stored water
during a water year beginning with the season I.
Pay=P#Pu® P2 Prvi®

0 1 2 3 4 5 6 7 8
0.0078 0.0032 0. 0038 0. 0047 0. 0059 0. 0076 0.0097 0.0127 0.0166

9 10 11 12 13 14 15 16 17
0.0221 0. 0288 0.0394 0. 0497 0.0736 0. 0807 0.1521 0. 0959 0.3849

BB E ny LB OB # ORI CREEIEK Y& U LHR Istom) %, 7ok 2 TFJCOVTEHELL
I3 Fig. 5 ©, ZhTit, EHOTHTIIHOEKPORE ChrihBRERblic\ 2, BoFis i
CEECEARYELB IO B I LMD,
FTT, HFMOPRLTEN L &b, ThUEOHM 2 LIBKER I's® OREY R LIc) D5 Fig. 6
Thr, thib, FEHI, 0, I, VOFECEEHE & LBKC DEEL b o LARRNCRIH,
% OIER Fig. 4 OEARDEMNRER & —HKL TW5,

<
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= Te Season
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Duration time n Duration time n
Fig. 5 Relation between brobability of Fig. 6 Seasonal relation between broba-

water shortage and duration time

in the season I. time.

bility of water shortage and dura-
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DEOERYEHTH L, ZOFTIE, BRM BRHTIUEEALEREETRV, L)
K, B dh, PRI BEREET L EAMEEIREDTH D, FDOLDIE, FHEBLT—E
OB E VI BEIIFFE UL 2, R 2 B i 28R Lcd g binn o LR TH
305 FORET OV TULIIOEETED 7\,

6. & 3 U

Bk, Brkibs b o) oFIKEHEEI#E L C, HRWRERMBEL 5B, BAREROFEC
WTEELLLDTH B, Wb TAYENTLEOFDL 5 TH S,

(1) Rk X 5FIKRIER, ADVHREHTIEEE T NCHIGI R TELDZLNTELS, &
DIDIT AN B HABDEHNFEH Y+ SRR T HLERD S,

(2) EREFARMEERSBE, MARYEMNCS v F 2bT2LENH Y, L ODIHGETFRED
BREISATAFEE R L.

(3) BAROHEREHNOEREL LT, FAEOREM~ v 7##EL LTOREXFIALT, HKEDE
WOMEHEET HFEY, FHCRERAN—BDOHBE L RRIHAC OV TERPOCHTETESL L ER
L

(4) RDBICEELSHCESNT, EMOEER AT HEKERLELL, XLREKEREH
& DRARE B O L,

73, B KDC—Il kX otedt, SBIIIhBDOREXVEAL T, BREFKEORECOWTHRE
LicWwEEZ T35,

BHEI, APFRICHI D RIEBOICEIEE, MBS %I - BRSSO B R R &
#HTBL e, HECRTAETHERFEACEL 7 » 7 7 2O, BHO v+ 3L EEDIERS
L OHBCRREFUE O NERERE, A¥REELORFRER, FRrEod ARRECERHEN
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