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ANALYSIS AND SYNTHESIS OF MONTHLY PRECIPITATION DATA BASED
ON PATTERN RECOGNITION

FIOBERT* -
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By Yasuyuki UJIHASHI, Nobutada TAKASE and Kunihiko KAMON

A time series of hydrologic data occurs in well defined groups possessing collective
properties of the data. Such a collection of properties can be called a hydrologic pat-
tern. The pattern indicates the inter-relationship between adjacent values within the
groups i e, the persistence. A method of streamflow synthesis based on the concept of
pattern recognition was first described by Panu et al The present paper aims at impro-
ving Panu’s method using the ISODATA algorithm for pattern analysis to adapt to high-
ly variable hydrologic data in Japan. The new model is applied to monthly precipitation
data at Kanazawa, Fukui and Toyama in the Hokuriku region.
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ISODATA argorithm parameters.

Parameter

Value
Kanazawa Fukui Toyama

Symbol

Number of initial cluster centers
Initial cluster center

Mo 1 1 1
Zo (0,0,0) (0,0,0) (0,0,0)

Number of clusters desired M 5 5 5
Minimum number of samples desired in a cluster n 20 20 20
Maximum standard deviation allowed clusters 8s 50 50 50
Minimum distance required between clusters 01 100 70 100

Minimum number of paires of clusters that can be lumped
Number of iteration allowed

L
Imax

1
20

1
20

1
20
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1 164.5 136.6 121.7 43.1 43.2 42.0 1 67 28 14 <0(1.0) 67.3(5.4) 27.9(3.4) 12.9(3.3)
2 347.3 197.1 183.7 67.0 45.6 47.5 32 2 5 21 31.3(4.9) 2.0(1.6) 5.5(2.5) 20.9(4.2)
3 463.0 322.1 204.4 60.7 74.0 74.1 25 0 1 2 25.3(4.8) 0 (0) 0.9(1.0) 1.7¢1.8)
4 184.0 247.8 140.0 43.4 26.3 39.6 12 14 17 S 11.6(2.8) 13.9(3.0) 16.8(2.8) 5.002.6)
5 162.4 372.9 163.3 71.7 88.0 79.3 6 1 23 7 5.3(1.7) 0.6(1.0) 22.7(4.7) 7.4(2.6)
6 311.3 365.8 218.4 40.6 86.2 67.0 22 0 3 7 22.5(3.7) o (9 2.8(1.8) 8.0(3.2)
7 280.6 191.5 367.6 68.2 57.8 48.1 1 0 6 23 1.1(0.9) 0 (0) 5.4(2.1) 22.0(4.3)
8 148.7 175.9 255.7 45.3 57.8 48.1 1 16 17 21 0.8(0.8) 15.2(3.7) 17.0(4.4) 21.0(3.8)
(b) Fukei
Pattern Reference vector Occurence times of pattern vectors at each season
Class Component Standard deviation Historical data Synthetic sequences
1 2 3 1 2 3 1 2 3 4 1 2 3 &
1 138.5 127.5 135.9 34.1 36.7 39.4 0 58 14 22 0 (0 ) 56.1(4.0) 13.3(3.7) 22.4(3.6)
2 272.8 198.7 242.4 40.9 52.7 50.5 16 0 7022 16.2(2.9) 0 (0) 7.3(2.2) 21.3(3.7)
3 261.9 125.2 111.8 39.9 46.8 44,3 0 9 19 9 0 (0 ) 10.3(2.7) 18.7(4.7) 10.3(2.6)
& 383.8 209.7 165.4 50.8 47.8 43.2 18 [} 3 8 17.3(3.6) 0 (0) 3.0(1.9) 7.6(2.8)
5 436.5 357.71 217.5 87.7 63.2 75.3 22 0 ] 2 21.4(4.1) 0 (0) 0 (0) 1.8(1.2)
6 144.2  249.4 112.4 46.1 47.0 45.2 3 13 24 8 2.8(1.7) 13.0(3.3) 23.9(4.4) 7.8(2.8)
7 243.9 405.8 186.5 55.2 83.7 60.7 27 [} 1 27.2(3.9) 0 (0) 7.7(2.8) 0.7(0.7)
8 146.6 174.7 279.5 44.8 55.9 53.5 1 7 12 15 1.1(1.1) 6.6(2.5) 12.1(2.6) 14.0(2.6)
(¢) Tovama
Pattern Reference vector Occurence times of pattern vectors at each season
Class Component Standard deviation Historical data Synthetic sequences
1 2 3 1 2 3 1 2 3 4 1 2 3 4
1 146.6 132.4 115.4 43.0 44.6 35.4 2 40 12 12 2.2{1.4) 38.5(2.7) 11.7(3.4) 11.0(3.1)
2 356.6 228.4 203.3 54.3 72.6 59.2 18 0 3 14 17.3(4.0) o (0) 2.9(1.6) 14.2(2.7)
3 213.1 260.1 153.5 53.3 47.1 48.9 16 0 10 10 16.6(2.8) 0 (0) 9.0(2.8) 9.6(2.9)
4 192.1 423.8 198.7 77.7 90.3 86.8 8 0 12 1 7.4(2.7) 0 (0) 12.9(3.1) 0.6(0.9)
5 193.6 125.8 248.7 56.4 45.9 63.8 2 6 9 9 1.5¢1.1) 6.5(2.7) 8.4(2.5) 9.5(3.2)

( ):standard deviation
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Table3 First order transition matrices.
(a)Kanazawa
First season Second season
1 2 3 4 S [ 7 8 1 2 3 4 5 6 7 8
1]1.0 1[0.343 0.06 0.015 0.194 0.119 0.03 0.164 0.075
2 10.636 0.031 0.157 0.156 2 0.5 0.5
310.64 0.08 0.08 0.2 3
4 10.667 0.166 0.167 4 10.071 0.072 0.571 0.286
5 ]0.833 0.167 511.0
6 |0.682 0.182 0.136 6
7 1.0 7 10.188 0.062 0.125 0.375 0.063 0.125 0.062
8 ]1.0 8
Third season Forth season
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
1 107 0.214 0.036 0.036 0.036 0.321 0.25 1]0.286 0.286 0.143 0.143 0.142
2 2 0.2 0.4 0.2 2 0.333 0.143 0.143 0.047 0.286 0.048
3 1.0 3 6.5 0.5
4 10.177 0.235 0.059 0.117 0.176 0.236 4 0.2 0.4 0.4
510.087 0.261 0.043 0.087 0.087 0.13 0.087 0.218 5 0.143 0.286 0.143 0.143 0.285
6 0.667 0.333 6 0.429 0.286 0.285
7 10.294 0.1218 0.118 0.059 0.235 0.176 7 0.381 0.238 0.048 0.333
8 0.157 0.5 0.333 8 |0.044 0.347 0.261 0.174 0.131 0.043
(b) Fukui
First season Second season
1 2 3 4 5 L} 7 8 1 2 3 4 5 6 7 8
1 r 71 {0.207 0.103 0.276 0.017 0.224 0.086 0.086
2 |0.625 0.125 0.25 2
3 3 (0.111 0.333 0.333 0.223
4 J0.722 0.056 0.1l 0.111 4% 4
5 J 0.546 0.136 0.182 0.136 | 5
611.0 6 10.077 0.077 0.308 0.154 0.385
7 10.704 0.111 0.111 0.074 | 7
811.0 8 0.143 0.143 0.571 0.143
L J L B
Third season Forth season
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
- B — -
1 10.143 0.286 0.071 0.143 0.357}1 0.136 0.273 0.182 0.409
2 10.143 0.286 0.429 0.143 42 0.182 0.136 0.364 0.273 0.045
3 10.316 0.263 0.053 0.105 0.053 0.053 0.158 1} 3 0.333 0.111 0.333 0.222 0,111
4 [0.333 0.334 0.333 4 0.25 0.25 0.25 0.25
5 5 0.5 0.5
6 |]0.292 0.292 0.125 0.042 0.125 0.125 {6 0.125 0.25 0.625
710.25 0.125 0.5 0.125 7 1.0
8 10.25 0.25 0.167 0.083 0.083 0.167 | 8 L 0.267 0.4 0.067 0.067 0.206
(c)Toyama
First season Second season
1 2 3 4 5 1 2 3 4 5
1]1.0 -‘ 1} 0.275 0.05 0.175 0.275 0.225
2{0.778 0.222 2
3}0.333 0.25 0.167 0.25 3
410.875 0.125 4
5 Ll.o 5 L0'167 0.167 0.5 0.166
Third season Forth season
1 2 3 4 5 1 2 3 4 5
1[0.333 0.25 0.167 0.25 1 0.417 0.25 0.333
2]0.667 0.333 2 0.357 0.429 0.071 0.143
3]10.1 0.2 0.3 0.1 0.3 3/0.1 0.3 0.4 0.2
410.25 0.5 0.167 0.083 4 1.0
510.222 0.223 0.333 0.222 | 51.0.111 0.444 0.333 0.112 B
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Table4 Comparison of statistics from annual historical and synthetic sequences,

Kanazawa Fukui Toyama
Mean S.D. H.D. Mean S$.D. H.D. Mean §.D. H.D.
Mean 215.3 3.15 214.0 | 201.8 2.56 201.2 | 196.5 3.60 195.8
S.D. 105.9 2.43 102.5 | 102.8 2.41 99.5 98.3 3.18 95.4

lag 1 A.C.} 0.163 0.029 0.161 | 0.181 0.023 0.170 | 0.105 0.042 0.117
Skevness 0.927 0.073 1.010 | 1.041 0.046 1.068 | 1.047 0.109 1.070
Rurtosis 3.553 0.257 4.429 ] 3.935 0.208 4.465 [ 3.987 0.386 4.700
Hurst Co. 0.524 0.008 0.525 | 0.520 0.006 0.526 | 0.527 0.008 0.601

H.D. : Historical data
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