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Abstract -

The study herein is applymg the multl-month Markovian gene-

‘rating process to simulate monthly river discharges of seven larger

watersheds in Taiwan. The purpose of simulating streamflow is
generally to‘\vproc'luce long series of values that could as likely occur
in the future as could repetition of historical values, thus providing a
more complete sampling of potential runoff then is represented in
flows as they occurred historically.

Gamma distribution is assumed to fit the actual dlstrlbutxon of
monthly discharges of watershed.’ Applymg the mathematical model

‘of first-order Markov chain which' is operated by an electronic

computer, synthetic monthly streamflows with 100 years for each
watersheéd can be simulated. The general patterns of generated
discharges verse observed ones for most watersheds match qmte
well. ' ‘

The gamma-distributed first order ‘Markov chain ([‘IMC)' model
is proved to be one of useful models of this category, since marginal
distributions of many hydrologic variables can be approximated
satisfactorily by the gamma distribution. It is considered to give
reasonably good results, but will warrant further testing and possible
refinement due to particular hydrologic and physibgraphic charac-
teristics of certain watersheds in Taiwan. '
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w 1 2 3 i s 6 7 8 9 0 | n |12
£y A ‘ '

1 12,09 703 1051  7.23 . 12220 3741 27.26] 5006 69,58 5497 1554 26.86
2 1231 17251 . 2235 2284/ 36147 6985 5773 61.73) 131.23] 3336 4101 1386
3 1090, = 21.70| 33,69 31.97] 2259 29.12] 9957 38266 2559 4576 29.11] 2841
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19 17.01] 24.88) 2015 2210 44,43 8610|2981 3419 6155 61.33 1286
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22 1349 1351) 1056 7.69 75000 4882 7940 5302 1564 2598/ 3481
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28 13.25| 20.28  10.90 7.29 4485 3048 224,190 22,73 3276 3836  14.38
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40 2232 2637 980, 23, 42,27 61.44 66.60, 2699 130,94 7819 31.19] 31.87
41 1462 365C, 20727 1813 28371 6700 1995 21.11] S7.21] 3255 1588  37.88
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45 13.38] 1940, 1113 4215 30.28) 3556 8177] 29.621 2438 69.83) 33.88) 2510
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97 12,13 - 238,15 3227 30.45 45,85 64.11 57.77 26.12 86,14 104.18| 58.31 14.14
98 10.80 37,70 21,23 2225 21.64 29,55 108,47 41,30 41.17 36.90 41,33 10.80
99 16,88 26.99 16.08 15,57 33.96 29.50] 0 139.19 92,68 18,40 11,29 36.39
100 27.61 21,70, 11.46 19.66 52,56 71,78 36.44 61,31 161.57 70.46| 35,15 37.36
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NOTATIONS IN COMPUTER PROGRAMMING
COEF(J):
and j.
G): Skewness of random variate of month j.
N: Number of years of records.
"NOM: Number of river basin.
NST: Number of gaging station.
Qd Dn: Synthetic streamflows generated by Markov model.
_RN: Random numbers distributed with zero mean and unit variance.
SKEW: Coefficient of skewness of hydrologic data.
SUM: Sum of monthly river discharges.
SUMS: Sum of square of monthly river discharges.
SUMT: Sum of cubic of monthly river discharges.
T): Transformed random sampling deviate of month i.
VAR: Variance of hydrologic data.
X]J: Hydrologic data of month j.
XMEAN: Sample mean of hydrologic data.
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i. [ xMEAN (D) 1=112 ]
¥

] VARM . I=112 |
I

[ skewm 1=1.12 |
I

NOM, NST, N

- [ew.i=r2_]

TITLE QF N. ¢F STATIQN
/"’_u .

(XD, T=i,N

i
TE OF Nd){ & MONTH SUBROUTINE @

CALL
C¢MPUTE (1,XD

[ SUM = SUM+X(1) |

: ‘ I

(XE‘I) T-IN]| [ SUMS=SUMS+x (1) 2]
I

[ sumr= sumnxmns]
1

: | XMEAN(k) =SuM,/w|
CALL _
COMPUTE (T.X2) VAR(K)-(SUMS.-A/*XMEAI»/**Z)/W—ﬂ

: )
COEF(]—\) - SKEW(K)= (Wx#2 #SUMT~3% Nz SUM*SUMS
' 125 SUM##3) / (N# (N-D%(N-2)% (VAR(K) #% 1.5)

| x1(m=xe@ |

& ()
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PROGRAM MARKOV . w = =& 03 oo 0o
COMMON XMEAN (12), VAR (12), SKEW (12). COEF (12), G (12), Q (12), N, T (12)
COMMON/DATA/RN (200)
DIMENSION X1 (27), X2 (27)
READ (60, 65) (RN (I), I=1, 200)
65 FORMAT (10F8.3)
IY=0
1Z=0 -
99 READ (60, 1) NOM, NST, N
1 FORMAT (242, 12)
IF (EOFCKF (60). EQ. 1) STOP
IX=1
IY=IY+1 . P
WRITE (61, 7) NOM, NST, 1Y R e
7 FORMAT-(1H1, 39x 27 HNUMBER OF GAGING STATION 6X, 2A2, 37X, 14HPAGE.
114 L o
READ (60, 2) (Xl(I), I=1, N)
J=1 '
WRITE (61, 17) . :
17 FORMAT (1HO, 16X, 118H JANUARY FEBRUARY -MARCH  APRIL MAY JUNE
JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER)
CALL COMPUTE (J, x1) —
200 J=J+1
READ (60, 2) X2(I), I=1, N)
2 FORMAT (10F8.2)
IF (J. GT: 12) GO TO 300
CALL COMPUTE (J, X2)
SUM=0.
DO 40 1=1, N
40 SUM=SUM:+X1(I)*X2(I)
COEF (J-1)=(SUM~ N*XMEAN(J)*XMEAN (J~1D/(N=1)* (VAR(J)*V AR(J —1)*0.5)
DO 50 I=1, N
50 X1 (I)~X2(D)
GOTO 200
300 SUM=0.
WRITE (61, 27) (XMEAN(D), I=2, 12), XMEAN(1)
27 FORMAT (1H, 2X, 12HSAMPLE MEAN, 12F 10.2)
DO 60 I=1, N
60 SUM =SUM+X1(I)*X2(I)
WRITE (61, 37) VAR, I=2, 12), VAR(D)

=8 =

=



37 FORMAT (1H, 2X, 12HVARIANEE/f2f109

COEF(12)=(SUM- N*XMEAN(lZ)*XMEAN(l))/((N 1)*(VAR(12)*VAR(1))**05)

¥ T

WRITE(6L, 47) (SKEW(D), I=2, 12), SKEW() -

47 FORMAT(1H, 2X, 12HSKEWNESS:' 15?1&4) &
DO 70 KK=2, 11

70 G(KK) =(SKEW (KK +1) - SKEW(KK*COEF(KK — 1)**3)/(1.— COEF(KK)**2)**I5
WRITE(61, 57) (COEF (I). I=1, 12)

57 FORMAT (1H, 2X, 12HCORRELATION, 12F104)
G(1)=SKEW(2) ~SKEW (1)*COEF (12)*#3)/(1.— COEF (1)**2)*¥1.5
G(12) = (SKEW (1) - SKEW (12)*COEF (11)**3) /(1. — COEF(12)**2>**15
WRITE(61, 91)(G(D), 1=1,12)

91 FORMATH, 2X, 4HG(]), 8X, 12F104//)
IK=1 '

97 1Z=1Z+1
ez, 6T 12) 1721
T(1Z)=2/G (1)*(1+ G (1)*RN (IK)/6 — G (1)**2/36)**3 —2/G (1)
Q(1)=XMEAN(2)+ T(IZ)*SQRT(VAR(2)*(1—-COEF (1)**2))
DO 400 JK=2, 11 ‘
IK=IK+1
IF (IKGT- 200) IK 1
TAZ)= 2IG(JK)*(1+G(JK)*RN(IK)/6 G(JK)**2/36)**3 2/G(JK)

o

TN

e g T ;- .”1,3 ‘\‘NA

N R R
. Yo

400 QUK)=XMEAN (JK+1)+COEF (JK)*SQRT (VAR (JK+DVAR (JK)*Q (JK-1) ~

1 —XMEAN(JK)+T(IZ)*SQRT(VAR(JK+1)*(1 COEF(JK)**z))
IK~=IK+1 |
IF(IK GT.200) IK=1 ) oy
1Z=1Z+1' ‘

TAaz)= 2/G<12)*<1+G(12)*RN<1K)/6 G(12)**2/36)**3 2IG(12) '
QU2)= XMEAN(l)+COEF(12)*SQRT(VAR(1)/VAR(12)*(Q(11) XMEAN(12))
1+ TUZ)*SQRT(VAR()*(1-COEF (12)*+2)) ) o
WRITE(S6]L, 92)(TE), I=1, 12) N 8 o v o
92 FORMAT (1H, 2X, 4HT()), 8X, 12F102) PR : s
WRITE(61, 77) IX. (QD, I=1, 12) , N ' .

77 FORMAT(IH, 2X, 9HYEAR, 12, 1X; 12F10.2//) » '
IX=IX+1
IK=IK+1. S
IF(IX.LE50) GO-TO 97
GO TO 9%’ | . - .
END S S DU

oo

sl
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SUBROUTINE COMPUTE (K, X).
COMMON XMEAN(12), VAR(12), SKEW(lz), YY(36), N
DIMENSION X(27)
SUM=0.
SUMS=0.
SUMT=0.
DO 800 I=1, N
SUM=SUM+X)
SUMS=SUMS+ X (I)**2
300 SUMT=SUMT+X(I)**3 -
XMEAN(K)=SUM/N
VAR(K)=(SUMS—N*XMEAN(K)**2}/(N—-1)
SKEW(K)= (N**2*SUMT S*N*SUM*SUMS+2*SUM*8)/(N*(N-D*(N~-2)*VAR
1(K)**1.5)
RETURN
END
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