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Optimal Reservoir Operation Models for Paddy Rice
Irrigation with Weather Forecasts (1)

— Generating Daily Rainfall and Evaporation Data—
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Kim, Byeong Jin - Park, Seung Woo

Summary

The objective of the study is to develop weather generators for daily rainfall and small
pan evaporation and to test the applicability with recorded data. Daily rainfall forecasting
model(DRFM) was developed that uses a first order Markov chain to describe rainfall seque-
nces and applies an incomplete Gamma function to predict the amount of precipitation. Daily
evaporation forecasting model(DEFM) that adopts a normal distribution function to generate
the evaporation for dry and wet days was also formulated.

DRFM and DEFM were tested with twenty year weather data from eleven stations using
Chi-square and Kolmogorov and Smirnov goodness of fit tests. The test results showed
that the generated sequences of rainfall occurrence, amount of rainfall, and pan evaporation
were statistically fit to recorded data from eleven, seven, and seven stations at the 5%
level of significance. Generated rainfall data from DRFM were very close in frequency distri-
bution patterns to records for stations all over the country. Pan evaporation for rainy days
generated were less accurate than that for dry days. And the proposed models may be
used as tools to provide many mathematical models with long-term daily rainfall and small
pan evaporation daté. An example is an irrigation scheduling model, which' will be further

detailed in the paper.
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Table-1. Weather stations and data used for weather forecasting models

Location Dataused
No. Station Latitude | Longitude | Elevation Data Period Remarks
(Deg.) (Deg.) (m)
105 | Gangneung 3745 128.54 26.0 P, E 1968~1987| P . Precipitation
108 Seoul 37.34 126.58 85.0 z 4 E ! Small Pan
119 Suwon 37.16 126.59 36.0 z 4 Evaporation
131 | Cheongju 36.38 127.26 59.0 4 3
133 Daejeon 36.18 127.24 77.1 & s
143 Taegu 35.53 128.37 57.8 v 4
146 Jeonju 3549 127.09 51.2 4 4
156 Kwangju 35.08 126.55 70.9 4 s
165 Mokpo 3447 126.23 534 G s
192 Jinju 35.12 128.06 215 s ”
203 Icheon 3717 127.26 75.0 z 1972~1991
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Table-2. Observed and simulated monthly number of rainy days
Station Jan. [Feb.|Mar.{ Apr.|May| Jun. | Jul. {Aug.|Sep. | Oct.|Nov.|Dec.| Total | x* | GOF
Gangneun Observed | 4| 6|7 | 7|7 |10|18]14/10| 7| 6} 4] 9| | ¢
Simulated| 5| 5| 9 | 8| 8 [10]12|13| 8| 8 | 5| 3| 94
Observed| 6| 6| 6 | 8/ 8| 9|15|13| 8|6 | 9| 7] 101
Seoul - 069 S
Simulated| 6 | 5| 6 | 9| 7 |10(15{13} 8| 7| 9| 7| 102
Suwon Observed | 6| 6|6 | 8] 7 | 8|14113| 8|7 | 9| 8100 | | o
Simulated| 7 | 6| 6 |10 7| 8{15|12| 9| 7| 8] 6] 101
Cheongiu Observed| 8 | 8| 8 | 8|8 | 9|15 13| 8|7 /10| 8|106 | .\
Simulated| 8 | 7| 8 | 8| 8 |10 |14 | 13| 8{ 6 |10 | 8| 108
_ Observed| 8| 8| 7 9| 8| 9|15|14| 8| 7| 9| 9|11
Daejeon I ed] 91 719 8] 7] ol 8| 7| 9|10 1|2 °
Taegu Observed| 4| 5|6 | 8] 7| 8 18|11| 85| 5| 4] 84| ) ¢
Simulated| 3| 4| 5| 8| 81| 9|15|11| 9|4 | 6| 5| 87
~ lobserved| 8] 9| 8| 9| 8 10|14]14] 9| 6| 9| 9| 113
Jeonju I hated| 81 8] 8 |10] 7 |12 14| | 7| 9| 8|1 | S
Kwangiu Observed | 9 |10 | 8 | 10| 8 |10 | 1412 /10 | 7 | 9)10 | 17 |, | ¢
" |Simulated| 10| 9| 7| 9| 7 |11 |14 |14 | 10| 8 | 9| 11| 119
Mokpo qbsewed 1010 8| 98] 9)12/10] 87| 910|110 | ¢
Simulated| 10 (10 | 8 | 9| 8 | 9|12|10| 8| 6 | 8|10 108
. Observed | 3 6| 6 9| 8 |10 14|11 9| 5 5 4 90
Jinju - 090 S
Simulated| 4| 6| 5 |10 8 [10{14|10| 9| 5| 6| 4| 91
Ieheon qbserved 7] 6 7| 7] 7] 9|M|1] 86| 8] 7| 97| |
Simulated| 6 | 6| 8 | 8| 7| 8|15|11| 7|5 | 8| 7| 9
Observed| 7| 701 7| 8| 8| 9j14|12| 9] 6| 8| 7| 103
Mean - 1.18
Simulated| 7| 7| 7| 9| 7 |10|14]|12| 9| 6| 8} 7] 103

GOF . Goodness of fit
S I Significant
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Table-3. Observed and simulated monthly mean rainfall

o] §-}e]
wol wAjsls, 98 A4uA

Station Jan. | Feb. |Mar. | Apr. | May | Jun. | Jul. [Aug. | Sep. | Oct. | Nov. | Dec.| Total | »* | GOF
Gangneung Observed | 51.9 ) 59.3 | 61.5 | 81.4| 72.0| 91.7 |208.9{268.61178.1|109.9| 69.8 | 39.3 | 1292.7 o1l Ns
Simulated | 50.5 | 35.2 | 62.5 | 97.6| 70.1 [100.9{247.5(252.7|152.7| 84.0| 77.9 | 32.0 | 1264.2
Seoul Observed | 21.7 | 23.9 | 40.0 | 86.0{100.2|106.1/323.7/305.0|143.8( 53.1 | 47.8 | 24.2 | 1276.0 18l s
Simulated | 21.8 (193|339 716] 95.6{113.1{317.7|263.6[161.5| 61.1| 504 | 27.1 [ 12370
Observed | 235269412 | 92.3| 90.6/107.7|300.9]284.2|131.1| 64.6| 49.2 | 22.4 | 1235.0
Suwon - 3388/ NS
Simulated | 28.6 | 29.6 | 33.2 {119.9| 77.7| 89.1{333.3283.1{173.3| 65.7| 46.2 | 19.2 | 12994

. Observed | 27.0 | 283 | 49.1 | 844| 86.6/123.0(270.2(256.2[135.6| 54.9| 46.8 | 24.2 | 11869

Cheongju - 1681 S
Simulated | 34.2 | 25.2 | 48.0 | 79.2{ 74.8 |143.0|245.2(256.2|163.2| 57.5{ 54.5 | 25.7 | 1207.1

Dacicon Observed |24.535.1|57.0| 96.5] 92.7(133.2|285.9|285.0|146.6| 61.4| 49.3 | 29.7 | 12972 048] s
Simulated | 24.9 [ 294 | 70.8 | 94.0| 82.111183(273.2/272.6(137.8| 669 48.7 | 354 | 1254.4

Taegu Observed | 16.6 | 254 | 44.6 | 784 72.4|125.6]212.1(209.5|124.0 49.9| 34.2 [ 13.9 | 1007.2 2945/ NS
Simulated | 155 | 186 | 44.6 | 79.9| 99.2(130.6(255.3195.8|1194| 46.3| 35.7 | 155 | 10569

Jeoniu Observed | 318|394 (552 95.2{101.1{139.4|255.5(254.1{139.3| 65.7{ 56.4 | 32.0 | 1265.5 832 NS
Simulated | 28.0 | 39.3 | 55.4 [129.2| 87.9(185.5|245.4(268.1|176.1| 87.7| 56.7 | 27.8 | 13876

Kwangiu Observed | 334|444 | 57.9|111.3]102.8|172.3]261.2(237.5|155.6| 71.3| 514 | 33.7 | 1333.3 sl s
Simulated | 34.3 [ 46.0 | 59.2 [102.2| 94.8/187.6{264.7/285.6(159.3| 76.1( 50.0 | 35.7 | 1395.9

Mokpo Observed | 29.6 | 46.5 | 50.5 | 92.2| 89.8|157.8|206.3|163.9|147.7| 59.1| 46.9 | 30.5 | 1121.2 816 S
Simulated | 29.7 | 47.9 | 56.1 | 91.5| 74.7(166.2(196.9/168.5[129.7| 56.5| 40.2 | 35.0 | 1093.2

Jinju Observed |21.7 | 40.9 | 64.1 |148.5|133.31205.0|284.4{277.6|163.9| 64.9| 47.2 | 22.6 | 1474.4 5450 s
Simulated | 264 | 444 | 59.9 |167.4(134.0|210.5|279.2|249.0(155.5| 61.4| 63.2 | 29.6 | 1480.9

Icheon Observed |269|24.8 | 53.8| 92.4| 93.3|133.7(330.8/267.2|160.2| 44.0| 51.3 | 26.1 | 1305.0 1938 s
Simulated | 25.7 [ 24.1 | 72.0 [112.7| 78.7(113.4(342.8(251.4{161.6| 48.4|42.8 | 25.3 | 1299.3

Mean Observed [28.0 359 (522 962 94.1{135.9(267.3(255.3|147.8 63.5] 50.0 | 27.1 [ 1254.1 9151

Simulated | 29.1 | 32.6 | 54.2 |104.1| 88.1}141.6/272.8/249.7|153.6| 64.7| 51.5 { 28.0 | 1270.5

GOF : Goodness of fit

NS

. Not significant

S ! Significant
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Table-4. Observed and simulated small pan evaporation for the stations

Sation Jan. { Feb. |Mar. | Apr. | May | Jun. | Jul. |Aug. | Sep. | Oct. [Nov. | Dec.{ Total | x* | GOF
Observed | 68.2 | 63.0 | 77.0 |{143.8/178.3|160.3(138.7| 87.6(105.5| 93.9( 61.6 | 71.8 | 1249.7
Gangneung [— 200| NS
Simulated | 67.0 | 71.8 | 78.7 [136.7]194.1{140.8(152.9| 91.4| 97.7| 67.1| 69.7 | 64.9 ; 1232.8
Seoul Observed | 34.4 | 44.3 | 73.3 {101.4(150.2|147.9( 91.3| 86.1(111.1| 87.1{ 51.2 | 41.3 | 1019.6 39| s
Simulated | 29.2 | 43.1 | 83.7 [104.2{137.8/146.3| 90.0| 84.6(108.9| 90.3[ 48.2 | 40.7  1007.0
Suwon Observed | 19.8 | 389 | 62.1 | 93.6/124.6/161.5/142.4/100.4]/112.3|100.2| 51.5 | 41.9 | 1049.2 a7l s
Simulated | 27.0 | 48.8 | 75.6 {110.2{128.3|166.6(110.8| 95.1| 97.5| 90.1] 40.7 | 41.0 | 1031.7
. | Observed | 389|472 733(108.1{140.3|144.8| 81.0| 97.4 [105.8| 79.5| 45.5| 394 | 10012
Cheongju [—; ' 465| NS
Simulated | 35.7 | 41.0 | 87.3 {131.9(169.3{123.6|127.4|136.8{109.2| 70.0| 49.8 | 37.3 | 1119.3
Dacjeon Observed |34.6 426 | 77.2 | 98.1(146.6/1639] 98.9| 99.2(116.2| 89.6( 49.0 | 314 [ 1047.3 g9l s
Simulated | 36.5 | 45.2 | 75.7 [100.0|152.4]/136.2|106.0{ 103.6|128.6| 88.9|54.9 | 34.0 | 1062.0
Taegu Observed | 50.8 | 60.2 | 88.8 |130.8(163.9]169.6|126.4| 98.5(120.2{110.9| 59.1 | 50.1 | 1229.3 o7l s
Simulated | 58.9 | 61.9 | 88.1 |122.3|177.3|167.3|139.2{110.7[105.5(101.0| 51.0 | 52.0 | 1235.2
Jeonju Observed | 46.3 | 50.8 | 66.0 |101.1{117.2|131.5| 83.5| 88.8 |109.5| 97.3| 694 | 56.2 | 1020.6 asl s
Simulated | 53.8 | 52.1 | 73.7 | 92.4(131.3]135.1|105.2{102.1|118.7{105.0| 71.0 | 53.7 | 1094.1
Kwangiu Observed | 34.6 | 40.6 | 60.6 | 99.6 [144.8/149.1| 89.9({121.2|119.7{102.1| 55.3 | 35.8 | 1053.3 ol s
Simulated | 38.5 | 38.7 | 534 | 85.4 [149.8132.4| 96.0{139.1|106.5(103.0| 50.1 | 35.0 | 1027.9
Mokpo Observed |43.1 | 45,5 | 64.7 [114.7152.3|152.6| 91.5[1105|111.7| 88.7| 55.8 | 46.7 | 1077.8 a1l s
Simulated | 39.8 | 37.1 | 714 |106.9[162.5(148.5/111.8113.1|108.9( 93.8| 63.0 | 45.2 | 1102.0
Jinj Observed | 51.2 | 58.2 | 68,2 (116.6{133.0(142.8| 96.1| 91.6(113.6| 93.1| 60.3 | 52.5  1077.2 13| Ns
Simulated | 47.0 | 65.8 | 714 | 77.5{147.3(137.3|100.9(105.7(118.6| 83.3| 56.5 | 46.1 | 1057.4
Icheon Observed | 355408 | 61.1|111.1{128.5|135.6{105.9{135.5| 94.1| 89.8| 48.3 | 29.7 | 1015.9 24l s
Simulated | 39.5| 39.5 | 70.2 [119.9}110.9(162.5|107.6(118.6| 88.3| 90.4| 48.4 | 29.0 | 1024.8
Mean Observed | 41.9 | 484 | 70.2 |110.8/143.6/150.9/104.1{101.5/110.9| 93.8 | 55.2 | 45.2 | 1076.5 97
Simulated | 43.0 | 49.5 | 75.4 [107.91151.0{145.1|113.4(109.2|108.0{ 89.4| 54.8 | 43.5 | 1090.4
GOF : Goodness of fit
NS  Not significant
S ! Significant
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