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Re weighted Markov chain for numerical sediment prediction of the Nujiang river in China
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Abstract: In view of the limitations of traditional Markov chain and its improved prediction methods which can only predict the
state, in this paper we realized a critical improvement of the Markov chain forecasting method to being able to conduct numerical
prediction. We did so by using weighted summation of the average value of each state multiplied by the corresponding predicted
probability, on the basis of obtaining the predicted probability of each state with the traditional Markov chain forecasting method
according to the characteristics of dependent stochastic variables. The data of this study were cllected from Daojieba hydrologt
cal station on the Nujiang river, which is a famous international river in southwest China. We used the runoff series from 1957 to
2010 and the suspended sediment series from 1964 to 2010 for analysis, and used the runoff and suspended sediment series from
2011 to 2015 for validation. Results showed that the re weighted Markov chain forecasting had a high accuracy in numerical pre

diction and could meet the demand of short term numerical prediction in stochastic time series.
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Tab.1 The values of runoff and suspended sediment

corresponding to each guarantee rate based on P— III

Xt I

R TRAE 2R (% )
i/ (m3e 1) b/ (kge s
1 (0~ 12.5] 21974 21875
2 (12.5~ 37.5] [ 1781, 1974) [ 1167, 1875)
3 (37.5~ 62.5] [ 1638, 1781) [ 789, 1167)
4 (62.5~ 87.5] [ 1456, 1638) [ 474, 789)
5 (87.5~ 100] < 1456 < 474

(3) $ZIR IR ARHE, BE SRR IR SR & A T b
BRIPS N NN

2
Tab.2 State of runoff and suspended sediment in each year

FEfr g Egw || 0  Eps Egw || #0  Epn Egw || 0 Epw Egw || 0 Epg Esgiy
1957 3 1968 4 5 1979 3 3 1990 1 2 2001 2 1
1958 4 1969 4 4 1980 1 2 1991 1 2 2002 3 3
1959 5 1970 2 2 1981 3 4 1992 4 4 2003 1 1
1960 5 1971 4 3 1982 4 4 1993 2 2 2004 1 1
1961 3 1972 5 4 1983 4 4 1994 4 3 2005 2 1
1962 2 1973 4 5 1984 4 4 1995 2 3 2006 5 2
1963 2 1974 2 3 1985 2 3 1996 2 3 2007 4 2
1964 2 4 1975 4 5 1986 5 5 1997 3 2 2008 3 3
1965 3 4 1976 4 5 1987 2 3 1998 1 1 2009 5 4
1966 3 3 1977 3 4 1988 2 3 1999 3 2 2010 2 2
1967 4 5 1978 4 4 1989 4 2 2000 1 1
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Tab.3 First to fifth order (step) transition frequency matrix of runoff series of Daojieba station from 1957 to 2010
2 2 2 1 1 21 2 1 20 1 2 2 3 1 41 0 1
0 4 3 4 2 33 3 3 1 4 2 5 2 0 2 2 3 5 1 331 5 1
a 4 1 1 41 b 1 3 3 3 1 c 2 21 41 d 1 3 3 2 1 e 1 22 4 1
1 53 5 2 2 31 7 3 0 6 4 4 2 2 52 4 2 1 4 3 6 1
0 2 1 2 03 20 02 0 2 1 3 01 1 120
VE: JEFE a,b,c, d, e MBI K 1,2,3,4,5 S RBHERERSEUERE, TIH .
4 1964- 2010 1 5 ( )
Tab.4 First to fifth order (step) transition frequency matrix of suspended sediment series of Daojieba station from 1964 to 2010
3210 3210 3210 2 1 2 1 2 21 1
2 33 20 1 32 40 1 2 3 3 1 2 3310 2 05 01
a 1 3 3 2 3 b 2 4 21 3 c 2 4 2 30 d 2 50 3 1 e 2 42 2 1
0 3 3 51 01 6 2 2 0 1 3 3 4 00 4 3 4 0 33 41
00 2 2 01 1 3 02 2 1 02 2 2 0 20 3
(5)XF 1 2 5 Br (2K IR U B 3t 4T 6 1964~ 2010
1 5 ( )

guik o t, /92058 DK B S RBHERBE B BRI

[ 5.2 6)

5 1957- 2010

(

)

Tab.5 First to fifth order (step) transition probability matrix

of runoff series of Daojieba station from 1957 to 2010
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Tab. 6 First to fifth order (step) transition probability matrix of

suspended sediment series of Daojieba station from 1964 to 2010

(36 2/6 1/6 0 0
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Tab.7 First to fifth order (step) transition probability matrix
of suspended sediment series of Daojieba station from 1964 to 2010

5 T i k
H oy 2 3 4 5 1 2 3 4 5

7. 0.0340.118 0.154 — 0. 158 0. 162 0. 522 0. 448 0. 508 0.290 0. 347
wy 0.0550.188 0.246 0.252 0.2590.247 0. 212 0. 240 0. 137 0. 164

TR S SRAT B AT X 2011 AR 4748 It A4 22
Jon YRS R AT TN (R 83K 9) .

8 2011
Tab.8 Predicted probability of each state for runoff in 2011

. N L%
W e s R USRS ;ﬁ
1 2 3 4 5 »

1 2010 2 0.055 0 4/13 3/13 4/13 2/13 P(V
2 2009 5 0. 188 0 3/5 2/5 0 0 P2
3 2008 3 0. 246 0 6/16 4/16 4/16 2/16 p(3d

4 2007 4 0.252 2/15 5/15 2/15 4/15 2/15 P(Y

5 2006 5 0.259 /4 1/4 2/4 0 0 PO

2011 4R B F RS RE ST 0. 148 0. 328 0. 276 0. 183 0.067

9 2011
Tab.9 Predided probabiliy of each state for suspended sediment m 2011
W R o
/e PigReE RE RE | 5 > 4 s K

1 2010 2 0.247 3/6 2/6 1/6 0 0 ()

2 2009 4 0.212 0 I/11 6/11 2/11 2/11 P (2)
3 2008 3 0.240 2/11 4/11 2/11 3/11 0 P (3)
4 2007 2 0.137 2/9 3/9 3/9 1/9 0 P(4
5 2006 2 0.164 2/8 0 58 0 1/8 PO

2011 5= B 5em f b

IR T0N

(9) F BRSO A B, 5 X R
AR IR U 8) FEAT IMALKAN, BPn] 55 2011
SRR IR B 5 v i T AE( 3R 10) .

0. 165 0.226 0. 381 0. 169 0. 059

10 2011
Tab. 10 T he predicted values of runoff and suspended sediment in 2011
RE ¥iE i T E
1 2066 0. 148
2 1868 0.328
R
[(mde 1) 3 1729 0.276 1766
4 1536 0.183
5 1390 0. 067
1 2500 0. 165
2 1441 0.226
iy 3 968 0. 381 1233
/(kgesh ’
4 602 0. 169
5 425 0. 059
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11 2011- 2015

Tab. 11 The predicted values of runoff and suspended sediment in 201F 2015

T e BT AL /K W] R B BN T X0 A0 ) B KT SR (KRB B R T A /R T SR e £
TME PR E(%) X2 T BNRE( %) X2 POME TR E(%) X2

2011 1 766 2.08 30.29 1660 4.05 30.29 1751 1.21 30.29

N 2012 1707 3.45 32.66 1763 6. 85 32.66 1719 4.18 32.66

/(mfjﬁz N 2013 1769 16.38 31.80 1760 15.79 31.80 1764 16. 05 31.80

2014 1 742 2.47 30.52 1758 3.41 30.52 1744 2.59 30. 52

2015 1729 38.32 31.82 1756 40. 48 31.82 1733 38. 64 31.82

2011 1234 5.08 34.71 1343 3.31 34.71 1243 4.38 34.71

2012 1131 21.22 35.45 1349 44.59 35.45 1155 23.79 35.45

/(fﬁ_l) 2013 1043 4.31 37.07 1354 24.22 31.26 1030 5.50 37.07

2014 1 104 34.67 38.15 1357 19.70 40.23 1123 33.55 40.23

2015 1223 76.22 40.24 1359 95. 82 43.07 1242 78.96 43.2

E: X2 N H R A R

5 LA AR BT R OB, 45 & IR T 3 {E i
AT Z IR AN, TSI BUE Tl 5 Hofth /R
A RBESCE JE A L, AL KT R RE B 78 70 3t
FEHE BERL A 21 A5 S SR T K YD T s 451 2%
W, B S S (RS i a] I T 7 i K8 B TR T )
PR A T B A, D B AL AR A E T
RSO 7 — MR AT IR 12
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