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Analysis of Water Supply Probability for Agricultural Reservoirs
Considering Non-irrigation Period Precipitation using RCP Scenarios
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Abstract

The main function of an agricultural reservoir is to supply irrigation water to paddy rice fields in South Korea. Therefore, the operation of a reservoir
is significantly affected by the phenology of paddy rice. For example, the early stage of irrigation season, a lot of irrigation water is required for
transplanting rice. Therefore, water storage in the reservoir before irrigation season can be a key factor for sustainable irrigation, and it becomes more
important under climate change situation. In this study, we analyzed the climate change impacts on reservoir storage rate at the beginning of irrigation
period and simulated the reservoir storage, runoff, and irrigation water requirement under RCP scenarios. Frequency analysis was conducted with
simulation results to analyze water supply probabilities of reservoirs. Water supply probability was lower in RCP 8.5 scenario than in RCP 4.5 scenario
because of low precipitation in the non-irrigation period. Study reservoirs are classified into 5 groups by water supply probability. Reservoirs in group
5 showed more than 85 percentage probabilities to be filled up from half-filled condition during the non-irrigation period, whereas group 1 showed
less than 5 percentages. In conclusion, reservoir capacity to catchment area ratio mainly affected water supply probability. If the ratio was high,
reservoirs tended to have a low possibility to supply enough irrigation water amount.
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TANK model input data

RCP 4.5/8.5 data
(2011-2100)
1

Baseline data
(1986-2015)

[ 1
| Non-irrigation season precipitation | | Watershed properties |
L I
¥
| TANK model |
!

| Long term runoffin watershed of reservoirs in Gyeonggi-Do

Reservoir drought response capacity analysis

Initial condition (Reservoir storage rate at end of irrigation)
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%
;
Result: Carryover storage

(simulated reservoir storage rate at start time of irrigation)
1
Probability analysis:
probability of filling more than 90% of the reservoir storage

Fig. 1 Flow chart of the study
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Fig. 2 Study reservoirs and thiessen network
Table 1 Properties of weather stations
Station Name Lat, Long. Obs. Station Name Lat. Long. Obs.
No. ) ) (m) No. ) ) (m)
101 Chuncheon 37.54 127.44 76.8 119 Suwon 37.16 126.59 33.6
108 Seoul 37.34 126.58 85.5 202 Yangpyeong 37.29 127.30 47.0
12 Incheon 37.28 126.38 68.9 203 |Icheon 37.16 127.29 778
114 Wonju 37.20 127.57 149.8 232 |Cheonan 36.47 127.07 24.9
Table 2 Properties of study reservoirs
(ST:SE;V?\:;_) Latitude Longitude Capacity (1,000m®) | Catchment Area (ha) | Irrigated Area (ha)
Go—-Gu(112) 37° 47 44 126° 17" 347 2,648 2,816 769
Go—Sam(203) 37 04 56" 127° 16" 55" 15,217 7,100 2,970
Go—Jan(119) 37° 04" 03 126° 54" 327 409 450 83
Gwa—Rim(112) 37 27 o7 126° 49" 28" 366 360 82
Geum—Gwang(232) 36° 59" 52" 127° 20" 10" 12,047 4,830 1,906
Gi—San(101) 37° 46" 40" 126° 57" 15" 1,162 872 105
Gi—Heung(119) 377 14" 127 127° 05" 46" 11,630 5,300 1,226
Gil=Jung(112) 37° 39 15" 126° 28" 17" 4,180 1,51 724
Nak—Sang(119) 37° 21" 09" 127° 04" 28" 856 1,950 37
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Nang—Jung(101) 38° 10" 30" 127° 16" 26" 775 5 334
Dan—Suk(114) 37° 24 107 127° 44" 147 128 1,230 65
Duck—Wu(119) 37 10" 09" 126° 55" 39" 3,547 2,270 573
Do—Chuck(203) 37° 17 107 127° 18" 33’ 701 980 149
Du—Chang(203) 37° 08 51 127° 20" 047 1,223 287 192
Ma—-Jang(108) 37° 46" 33 126° 55 35" 2,637 1,138 179
Man—-Su(232) 37° 01 08" 1277 11" 08" 614 375 140
Back—Hak(108) 38° 01 527 126° 55" 347 1,746 995 136
Bo—Tong(119) 37° 117 35 126° 58" 29" 1,071 716 364
San—Jung(101) 37° 05 107 127° 12 127 1,922 1,537 376
Sam—Hap(203) 37° 11 56" 127° 43" 35" 145 170 42
Sung—Ho(203) 37° 08 15" 127° 31" 56" 858 616 340
Uh—Eun(202) 37° 26" 25" 127° 36" 03" 288 180 70
Uh—Cheon(119) 37° 15" 17 126° 55 36" 894 380 198
Oh—Nam(108) 37° 41 46" 127° 13" 18" 2,435 1,552 277
Wang—Song(119) 37° 18 24 126° 56’ 50 2.077 1,555 534
Yong—Sul(203) 37° 03" 27" 127° 26" 417 2,932 790 402
Yong—Poong(203) 37° 07 29" 127° 35" 30" 715 500 200
Wu—Geum(108) 37° 49 407 127° 12 40" 1,009 515 199
Wal-San(202) 37° 28 207 127° 39" 03" 201 837 101
lI-Wal(119) 377 17 17 126° 58 207 299 277 126
Joong—Ri(101) 37° 06" 007 127° 11" 56" 532 900 147
Cheong—Gye(108) 37° 56" 27" 127° 20" 237 1,093 790 100
Ha—Jum(112) 37° 45" 317 126° 25" 417 1,009 160 462
Heung—Bu(119) 37° 220 55" 126° 50" 08" 1,840 1,320 865
2. 7|MXI2 A= 20413 ~2070, 2071 ~2100 A 7]7Fo.2 Uieo] 212t
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Table 3 Climate change data properties (Arora et al,, 2011)

. . Horizontal .
Model name | Vertical grid . Downscaling
resolution
CanESM2 z40 1.5° X1.5° |Bias correction
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Table 5 Initial conditions of reservoir storage by scenarios

Table 4 Parameters of TANK model (Kim and Park, 1988)

Contents Regression equation
Al11 =—0.00414 X Paddy(%) +0.169
Runoff A12 =—0.00175 X Forest(%) +0.333
coefficient A2=0.00657 X Upland(%) +0.163
A3 =—0.000267 < Upland(%) +0.00912
- Bl =—0.070 X In (Area(km?)) +0.470
Infilration B2 =0.00998 % Paddy(%) +0.111
coefficient ‘
B3=—0.00618 x In (Area(km?)) +0.0351
H11=16.68 < In(Area(km?)) +24.20
H12=5.0
Outlet Height
In (A2) =—0.0934 X Upland(%) +2.0904
H3=0
Storage amount | §73 = 43.686 X In (Area(km?)) +37.159

= =
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% Ao A= RCP 4.5, 8.5 AU 5 7|Hto g 796
ol Tank &L o]-gsto] B]y7l7| Z<pako] Ak
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10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %= 57]
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3 7124 27, RCP 4.5/8.55 Zgslo] 73 =
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Scenarios
Contents Baseline RCP 4.5 RCP 8.5

1986—-2015 2025s 2055s 2085s 2025s 2055s 2085s

10 % 10 % 10 % 10 % 10 % 10 % 10 %

20 % 20 % 20 % 20 % 20 % 20 % 20 %

30 % 30 % 30 % 30 % 30 % 30 % 30 %

Initial 40 % 40 % 40 % 40 % 40 % 40 % 40 %
condition 50 % 50 % 50 % 50 % 50 % 50 % 50 %
60 % 60 % 60 % 60 % 60 % 60 % 60 %

70 % 70 % 70 % 70 % 70 % 70 % 70 %

80 % 80 % 80 % 80 % 80 % 80 % 80 %
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Table 6 Average target probability by initial condition

shgo] 27kt Aow ShlEgrh

0] 90 % ©

Initial condition 50 % 60 % 70 % 80 %

Target probability 77 % 83 % 89 % 97 %
LE. ALtz 7[5t 84358 EE 24

Y 27|AGEAA Al ol wHE H3#eES Fig. 3

of et gick. 7] A4S 7203 RCP 4.5 20255014
S oF 1 % AL PASHAL T AU oL L
SES Y] RCP 4.5 2055504 SHE-2 20255 HT) 3 %9
A 5 %A= 27151901, 208550 = 20555 T} F 1 % =7}
3}tk RCP 8.5 2025s B335 RCP 4.5 2025sX T} oF
3 % Z7FsF Ao 2 ERE O, 2055s, 208550 4]+= RCP 8.5
2 358hgo] RCP 45 BB} WA ekt Table 77}
Zro] 2025s A|719} E] 205552} 2085s A]7]o] RCP 8.5 ALt
210 o] RCP 45 AlUfel . et o} 514
ool 27 mojgl Zo] Uolo R BerElolrt (Bang et al,
2016).

Table 7 Precipitation of weather stations in non—irrigaion period (9/30 to 4/1) (unit: mm)

RCP 4.5 RCP 8.5
Station No. Baseline
2025s 2055s 2085s 2025s 2055s 2085s
101 1957 194.8 220.3 2252 209.5 204.5 205.7
108 218.8 216.4 2455 252.8 2319 226.8 2295
12 205.5 200.9 227 1 235.3 213.9 209.9 2117
114 217.6 225.0 2446 2547 235.7 231.2 235.0
119 2191 2229 247.0 257.6 234.6 2301 234.8
202 204.0 204.3 230.8 239.0 217.6 214.3 2147
203 214.0 218.5 2443 252.8 231.2 227.2 229.3
232 2249 244.4 266.6 275.8 256.8 252.2 254.6
Average 2125 215.9 240.8 249 1 228.9 224.5 226.9
100%
95%
90%
85%
z
= 80%
8
2 75%
Q
o
2 70%
=

65%

60%

55%

50%

50%

60%

70% 80%

Initial condition

m Baseline B RCP 4.5, 2025s MRCP 4.5, 2055s RRCP 4.5,2085s ERCP 8.5,2025s B RCP 8.5, 2055s BRCP 8.5, 2085s

Fig, 3 Target probabilities by scenarios
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Table 8 Number of study reservoirs in each group

T T =
ol vlasl AHia o oba ofdATol 90 % o]

X: object probability

The number of reservoirs

Reservoirs

X5 %
Gri)up 1 4 Go—Gu, Gil=Jung, Nang—Jung, Ha—Jum
5 %<X{20 %
grouf) 5 ° 2 Du—Chang, Ma—Jang
20 %=<X{60 %
Gorou;:f 3 ? 1 Yong—Sul
60 %<X(85 % 4 Duck—Wu, San—Jung,
Group 4 Uh—Eun, Uh—Cheon
Go—-Sam, Go-Jan, Gwa—-Rim, Geum—Gwang, Gi—San, Gi—Heung,
85 %=X 23 Nak—-Sang, Dan—-Suk, Do—Chuck, Man—Su, Back—Hak, Bo—Tong,
Group 5 Sam—Hap, Sung—Ho, Oh—Nam, Wang—-Song, Yong—Poong, Wu—Geum,

Wal-San, lI-Wal, Joong—Ri, Gheong—Gye, Heung—Bu
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Table 9 Probability of filling 90 % of reservoir storage until irrigation starting time (average)

Reservoir Initial Condition (Reservoir storage rate at irrigation ending time)
10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 %
Go—Gu 0.0 % 0.0 % 0.0 % 0.0 % 0.2 % 12 % 91 % 56.3 %
Go—Sam 38.8 % 51.8 % 66.5 % 80.8 % 91.7 % 97.6 % 99.5 % 99.9 %
Go—Jan 89.7 % 93.5 % 96.2 % 98.0 % 99.1 % 99.6 % 99.9 % 100.0 %
Gwa—Rim 68.1 % 76.6 % 84.2 % 90.4 % 949 % 97.6 % 991 % 99.7 %
Geum—Gwang 411 % 541 % 68.4 % 82.0 % 922 % 97.7 % 99.6 % 100.0 %
Gi—San 70.4 % 79.7 % 87.6 % 93.5 % 97.2 % 99.0 % 99.7 % 99.9 %
Gi—Heung 39.6 % 52.6 % 67.1 % 81.0 % 91.6 % 97.5 % 99.5 % 99.9 %
Gil-Jung 0.0 % 0.0 % 0.0 % 0.2 % 0.9 % 45 % 217 % 75.4 %
Nak—Sang 99.4 % 99.6 % 99.8 % 99.8 % 999 % 999 % 100.0 % 100.0 %
Nang—Jung 0.0 % 0.0 % 01 % 0.2 % 1.0 % 45 % 20.8 % 74.4 %
Dan—Suk 100.0 % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 %
Duck—Wu 18.6 % 281 % 412 % 57.9 % 75.8 % 90.3 % 97.8 % 99.8 %
Do—Chuck 62.1 % 72.3 % 81.7 % 89.5 % 949 % 98.0 % 99.4 % 99.8 %
Du—Chang 1.4 % 3.0 % 6.2 % 13.0 % 26.7 % 50.9 % 81.4 % 98.1 %
Ma-Jang 0.5 % 1.3 % 3.0 % 7.3 % 17.3 % 38.3 % 71.6 % 96.4 %
Man—Su 52.2 % 63.9 % 75.5 % 85.8 % 93.4 % 97.7 % 99.4 % 999 %
Back—Hak 47.8 % 59.4 % 71.5 % 82.7 % 91.3 % 96.7 % 991 % 99.8 %
Bo-Tong 56.7 % 67.9 % 787 % 87.8 % 94.3 % 97.9 % 99.4 % 99.9 %
San—Jung 26.8 % 37.9 % 52.0 % 68.1 % 83.4 % 941 % 98.8 % 99.9 %
Sam—Hap 93.3 % 957 % 97.5 % 98.6 % 99.3 % 99.7 % 99.8 % 99.9 %
Sung—Ho 58.9 % 69.7 % 80.0 % 88.6 % 946 % 98.0 % 99.4 % 99.9 %
Uh—Eun 455 % 56.4 % 68.1 % 79.3 % 88.7 % 95.0 % 98.3 % 995 %
Uh—Cheon 18.0 % 27.0 % 39.6 % 55.8 % 73.7 % 88.8 % 971 % 99.6 %
Oh—Nam 63.1 % 73.5 % 83.0 % 90.6 % 95.7 % 98.4 % 99.6 % 999 %
Wang—Song 74.3 % 82.8 % 89.7 % 947 % 97.7 % 99.2 % 99.8 % 99.9 %
Yong—Sul 53 % 9.4 % 16.7 % 29.0 % 48.0 % 721 % 92.0 % 992 %
Yong—Poong 677 % 77.0 % 85.3 % 91.8 % 96.1 % 98.4 % 99.5 % 99.9 %
Wu—-Geum 35.3 % 455 % 57.2 % 69.4 % 81.0 % 90.3 % 96.2 % 99.0 %
Wal-San 99.8 % 999 % 99.9 % 99.9 % 999 % 999 % 100.0 % 100.0 %
[I-Wal 64.7 % 75.2 % 84.4 % 91.6 % 96.3 % 98.7 % 99.7 % 99.9 %
Joong—Ri 97.8 % 98.6 % 99.1 % 995 % 99.7 % 99.8 % 99.9 % 100.0 %
Cheong—Gye 67.3 % 76.8 % 85.2 % 91.8 % 96.1 % 98.5 % 995 % 999 %
Ha—Jum 0.0 % 01 % 0.4 % 1.3 % 41 % 13.4 % 405 % 86.4 %
Heung—Bu 70.6 % 79.7 % 87.5 % 93.3 % 97.0 % 98.9 % 99.7 % 99.9 %
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