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Abstract

The chronical sequences of daily precipitation are of great practical importance
in the planning and operational processes of water resources system. A sequence
of days with alternate dry day and wet day can be generated by two state
Markov chain model that establish the subsequent daily state as wet or dry by
previously calculated conditional probabilities depending on the state of previ-
ous day. In this study, a synthetic generation model for obtaining the daily pre-
cipitation series is presented by classifying the precipitation amount in wet days
into multi-states. To apply multi-state Markov chain model, the daily precipita-
tion amounts for wet day are rearranged by grouping into thirty states with in-
tervals for each state. Conditional probabilities as transition probability matrix
are estimated from the computational scheme for stepping from the precipitation
on one day to that on the following day. Statistical comparisons were made be-
tween the historical and synthesized chracteristics of daily precipitation series.
From the results, it is shown that the proposed method is available to generate
and simulate the daily precipitation series with fair accuracy and conserve the
general statistical properties of historical precipitation series.
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Fig. 1. Structure of Daily Precipitation Series
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Table 1. Transition Probability Matrix of 1st
order 2-State Markov Chain

t(da;
v Dry Wet
t-1(day)
Dry 1-a a
Wet B 1-8
yi = sequence of wet and dry days
Raui = sequence of random numbers

between zero and one
i =123... N

| :

yo, N, Rauo, Po, P1, Period

No 8
GoTo
step 2
9

yi Is a dry day

Fig. 2. Flow Diagram to Generate the Sequences
of Wet and Dry Days
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Table 4. Comparisons of the Observed and Generated Run Length of Wet Days at Seoul.

(Obs. . Observed, M1 : 2-State Markov Chain Model, M2 : 30-State Markov Chain Model )
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Runs  [Obs. M1 M2|Obs, M1 M2 (Obs. M1 M2|Obs. M1 M2{0Obs. Mi M2|0Obs. M1 M2 (Obs. M1 M2 [Obs. M1 M2 [Obs. M1 M2 [Obs. M1 M2|Obs. M1 M2|0bs. M1 M2
1 265 260 258|205 224 218|228 240 246{197 213 209|216 229 224|199 216 208|142 139 154|172 172 1661203 205 200197 210 216|278 288 286|292 294 285
2 77 86 83 77 72 70/117 94 89)119 94 91/125 100 96/145 116 108)124 113 99/122 119 116{105 99 95102 84 89122 112 109] 98 101 102
3 17 15 15( 14 16 18| 16 28 23| 36 31 30| 35 37 38| 38 45 49| 56 62 69| 50 56 62| 49 33 39| 24 26 21| 22 27 26| 21 20 22
4 4 2 4 3 3 441 7 8/ 10 14 1512 15 15/ 23 19 19| 47 50 49] 31 32 36| 20 16 19 6 10 1111 12 150 9 5 6
5 2 4 4 3 4 4] 2 7 6/ 411 10] 4 9 919 13 15{22 29 26/ 27 19 20y 7 13 10/ 0 7 3 6 7 6/ 1 5 4
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10 6 0 00 6 0, C 0 0 0 0 2f/0 0 1|/ 0 0 1 2 5 2,1 0 1/.0 0 200 0 060G 0 0 0 00
11 0 0 0 ¢ 0 0o 0 0 OO0 O OO0 O OO0 O 15 2 1] C 2 2000 0 0 000 00 0O
12 ¢ 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 31 0 10 0 0 06 0 0 0 0 00 0 0
13 0 0 0 0 0o o0 0 0 0 0 O 0 0 0 0 GO0 01 1 1,1 0 0 00 0 0 0 00 0 0ZO0 0 0
14 0 0 0 0 0 0 0 O 0 0 0 0 O o0 OO OCO 1 0 O0O0O0OTOCOCGCOOO O O0OTO0TO0CCO0OOC OO
15 0 0 0 0 0 0 0 0 0 0 O 06 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0 0 0 0 0 0 00 0 O
16 0 0 0 0 0 0 0 06 0,0 0 O 0 0 OO0 0 0 0 1 2000 0 0 0 0 0 ¢ 0 0 0 00 00
17 0 0 0 0 0 0 0 0 0 0 O O 0 ¢ O 0 0O 01 0 0 ¢ 0 0 0 0 0 0 0 00 0 0 0 0 0
18 0 ¢ 6 0 0 0 0 0 0/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 06 0 0 0 0 0 00 0 0
19 0 0 6/ 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0 1 0 0 0 0 0/ 0C ¢ 00 0 0 0 0 06 0 0 0
20 0 0 0 0 0 00 0 0 0 0 00 0 0 0 0 00 0000 O0OCOO0O0O0OGO0CO0CO0OQO0 OO0
21 0o 0 0 0 0 o0 0 0 o 0 O O 0O OO0 0 O OGOGOCGCOC O 0 O0OO0OC OO0 0 O0C D000 COC
22 0o 0 o 0 0o 0 06 0 o 0 0 O 0 0 O 0 O 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0f 06 0 0
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Table 5. Comparisons of the Observed and Generated Run Length of Dry Days at Seoul.

(Obs. : Observed, M1 : 2-State Markov Chain Model, M2 : 30-State Markov Chain Model)
Month Jan Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec
Runs  [Obs. M1 M2|Obs. M1 M2[Obs. M1 M2 [Obs. M1 M2[Obs. Ml M2 [Obs. M1 M2[Obs. M1 M2[Obs. M1 M2Obs. M1 M2[Obs. M1 M2|Obs. M1 M2[Obs. M1 M2
1 70 96 92| 60 70 63] 70 97 94} 78 92 89| 98 105 101121 128 119{190 164 174|155 141 133{102 99 96| 72 79 78} 98 136 135122 127 122
2 70 63 65| 51 61 62{ 74 69 68; 84 76 72| 74 77 75102 99 101| 94 97 96| 94 89 98] 78 76 73| 64 53 59!129 97 95 74 81 8l
3 51 60 62| 47 59 59| 61 65 64] 57 58 59| 63 70 68| 51 55 56| 45 77 77| 51 70 68| 66 55 57| 44 64 63| 76 75 74| 55 67 73
4 46 43 41| 52 30 32 56 38 38] 41 29 30| 40 45 47| 46 38 38| 34 47 45| 39 49 45| 42 35 33| 35 37 38} 54 33 34|51 49 45
5 35 25 26| 26 26 25{ 31 23 25/ 38 30 28| 45 23 22| 32 31 32| 34 27 26{ 29 21 21] 33 32 29| 26 24 22/ 34 32 32,33 23 23
6 29 30 29 18 30 30, 24 31 31| 28 32 33|28 28 29| 29 33 30( 12 16 17|17 24 27{ 30 29 30| 21 27 29| 22 34 34| 30 28 28
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Table 6. Comparisons of the Observed and Gener- Table 7. Comparisons of the Observed Average
ated Transition Probability @ and £ at Wet and Dry at Mokpo
Taegu Month Average Wet Continuous Period | Average Dry Continuous Period
2D = W) W = D) O TObs. | MI | Mz | Obs. | MI | M2
Month I—So—T ™1 T ™2 | obs | ML | M2 Jan. | 21 | 20 | 20 | 35 | 36 | 36
Jan, |.11101 | .11918 | .11847 | .63298 | .69893 | .68617 Feb. 21 1.9 1.9 3.8 3.9 3.9
Feb. |.12823 | .12118 | .12342 | .55825 | .62162 | .62903 Mar. 1.7 17 17 4.2 4.1 4.1
Mar. |.18061 | .17221 | .17085 | .63214 | .63670 | .63774 Apr. 1.8 1.8 1.8 3.7 4.1 4.1
Apr. |.24312 | .21484 | .21341 | .59249 | .59048 | .56656 May 1.8 17 17 4.0 4.3 4.3
May |.20106 | .21245 | .21697 | .60938 | .59756 | .60790 Jun. 2.1 2.2 2.2 3.9 3.7 3.6
Jun. | .24645 | .28025 | .28462 | .53476 | .48961 | .48630 Jul. 24 2.5 2.5 3.5 3.4 3.5
Jul. | .28731 | .25917 | .25483 | .38674 | .43070 | .40166 Aug. 2.1 2.2 2.2 3.9 3.7 3.7
Aug. | .25459 | .27573 | .27749 | .45824 | .45243 | .44352 Sep. L9 1.9 1.9 4.1 4.2 4.2
Sep. | .20736 | .21971 | .21957 | .44417 | .46543 | .45526 Oct. 1.6 1.7 17 5.1 5.2 5.1
Oct. |.12334 | .12811 | .12607 | .62621 | .63084 | .65366 Nov. 1.8 1.9 1.9 3.9 3.6 3.6
Nov. |.14286 | .16925 | .16958 | .63393 | .63855 | .65306 Dec. 1.8 1.8 1.9 3.8 3.3 3.3
Dec. |.11711 | .13658 | .13619 | .74252 | .67136 | .68095
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