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Assessment of Anti-Drought Capacity for Agricultural Reservoirs using RCP Scenarios
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ABSTRACT

Agriculture is affected directly by climate conditions and changes, and it is necessary to understand the impact of climate change
on agricultural reservoirs which are the main water resources for paddy fields in Korea. This study aimed to evaluate the impact of
climate change on the anti-drought capacity including water supply capability (WSC) and drought response ability (DRA) of agricultural
reservoirs based on RCP (Representative Concentration Pathway) 4.5 and 8.5 scenarios of CanESM2 (The Second Generation Earth
System Model) provided by CCCma (Canadian Center for Climate Modeling and Analysis). The WSC and DRA were estimated using
frequency analysis and runs theory. The six reservoirs (Yooshin, Nogok, Kumsung, Songgok, Gapyung, Seoma) were selected considering
geographical characteristics and design criteria of reservoir capacity. In case of Seoma reservoir, more than 10 year drought return
period (DRP), the variation of the WSC was estimated larger than the others. In case of Yooshin reservior (2~5 DRP) DRC was
decreased in 2025s under RCPS8.5. These results could be utilized for agricultural reservoirs management and future design criteria

considering climate change impacts on paddy irrigation.
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Fig. 1 A procedure diagram for assessment of antl—drought
capacity affected by climate change
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Hko. AAI71 &tz 2 03 (WCRP, World Climate Research
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2 Z i EAQl medS vepd Zlofth (Kang et al., 2012 So
et al., 2012)
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Table 1 Basic data of the six agricultural reservoirs for this study (RIMS, http://rims.ekr.or kr; Lee, 2000)

Region Reservoir Meteor(?logical Watershed area| Irrigated area | Percolation | Conveyance losses | Available water:sst(?;rage capacity
name station (ha) (ha) (mm/day) (%) (10° m’)
Yooshin 730 107.4 4.6 14 484.5
Central region Nogok Icheon 200 40 5.5 14 167
Kumsung 285 115.3 5 14 522
Songgok 350 125 3 15 359
Southern region Gapyung Jeongeup 212 77 3 15 306
Seoma 255.0 69.4 5.1 13 416
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Table 2 Information of 18 global coupled climate models (XU et al,, 2012)

Model name Modeling center (or group) Resolution
Beijing Climate Center Climate System Model version 1 (BCC-CSM1-1) BCC, China 128%64
Canadian Earth System Model version 2 (CanESM2) Canadian Centre for Climate Modelling and Analysis, Canada 128%64
The Community Climate System Model version 4 (CCSM4) The National Center for Atmospheric Research, USA 288%192
Centre National de Recherches Météorologiques Climate Model version 5 _
X
(CNRV=CME) CNRM, France 256%128
Commonwealth Scientific and Industrial Research Organization Mark .
X
Climate Model version 3.6 (CSIRO-Mk3-6-0) CSIRO, Ausiralia 19296
Flexible Global Ocean-Atmosphere-Land System Model- spectral version 2 Institute of Atmospheric Physics, China 128x108
(FGOALS-s2)
Geophysical Fluid Dynamics Laboratory Climate Model Version 3
X
(GFDL-CM3) GFDL, USA 144%90
Goddard Institute for Space Studies Model E version 2 with Russell ocean
R X
model (GISS-E2-R) GISS, USA 14490
Institute of Numerical Mathematics Climate Model version 4 (INVICM4) INM, Russia 180%120
Institute Pierre Simon Laplace Climate Model 5A-Low Resolution
X
(IPSL-CMBA-LR) IPSL, France 96%96
Institut Pierre Simon Laplace Climate Model 5A-Medium Resolution .
X
(IPSL-CMBA-MR) IPSL, France 144X143
o . . s .. Atmosphere and Ocean Research Institute, National Institute for
Model f(:r Interdisciplinary Research on Climate~Earth System, version 5 Environmental Studies, Japan Agency for Marine-Earth Science and 256%128
(MIROC5)
Technology, Kanagawa, Japan
Model for Interdisciplinary Research on Climate-Earth System N N
X
(MIROC=ESM) JAMSTEC, AORI, NIES, Japan 128% 64
Atmospheric Chemistry Coupled Version of Model for Interdisciplinary N N
X
Research on Climate-Earth System (MIROCESM-CHEM) JAMSTEC, AORI, NIES, Japan 128764
Max-Planck Institute Earth System Model-Low Resolution (MPI-ESM-LR) | MPI, Germany 192x96
Meteorological Research Institute Coupled General Circulation Model ;
X
version 3 (MRI-CGCM3) MR, Japan 520160
The Norwegian Earth System Model version 1 with Intermediate Resolution . .
. . X
(NorESM1-M) Norwegian Climate Centre, Norway 14496
The version of NorESM1-M with prognostic biogeochemical cycling . .
. . X
(NorESM1-ME) Norwegian Climate Centre, Norway 14496

Fourth Generation Atmospheric General Circulation Model)
oF S 7] AfolQ] B 8kE M OJ5l= CTEM (Canadian
Terrestrial Ecosystem Model)©] A%Hd RG22 (GCM)
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Fig. 3 Fundamental parameters of the drought events (Yooshin reservoir, RCP4.5)

D (day)=end day of (reservoir storage <truncation level)— start day of (reservoir storage <truncation level) (2)

S (10° m’xday)= Y SRS,

M (%)=
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Fig, 4 Annual rainfall in two regions for RCP4,5, RCP8.5
during 1990s, 2025s, 2055s and 2085s

Table 3 Seasonal mean temperature

1000 RCP45 RCP8.5

S

Region |Season 20255 | 20555 | 2085s | 2025 | 2055s | 2085s
(C) (C) (C)

DIG | —21| —08] 00| 02|-06| 06| 19
Central |[MAMP | 11.2| 122| 130| 135| 124| 136| 153
region | JJA? | 236 | 251 | 265| 272| 57| 25| 299
SONY | 125 | 135| 148 153| 138 | 156 173

DIG 08| 30| 50| 56| 34| 56| 82
Southern| MAM | 118 | 141] 156 | 165| 141| 165| 190

region | JJA | 243 | 264 | 282 290| 267 | 27| 326
SON | 145| 164 | 186| 195| 169 | 200| 231

) DIG: December, January and February
) MAM: March, April and May
) JJA: June, July and August

) SON: September, October and November

1
2
3
4
FHAo|A= RCP4.5 Aluh] 9] 2025s 7% 7k (SON;
September, October and November)ol] 1.0 ‘CZ 7} 22 AF
% &2 UEhaL, Al RCP8.5 AV 2.9] 2085s 7
£ 7k (SON)ll 8.6 CE 7Fd & A5 &5 Yehit) &3] =
O] AL ]2 (JJA; June, July and August) Al7]] &= 3}
7b gl 2 GRS wIA7] "ol 1 WskE dlSske Aol
Za3h|, FEAMoM RCP4.5 Alug]e: 1.5~3.6 C, RCP
8.5% 2.1~6.4 C F7Fstelon, Aoz RCP4.5 At
2lof|A 2.1~4.7 C, RCP8.5IA= 2.4~8.3 C F7Fk=
Ao Ueh} FRAYEHE GREAA F7PF 2 SR
of At

2. nEY ¥ = HNEFTLUH M
njef] 7AARE B0 R Tank HEE o]83le] §99] 42
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Fig. 5 Annual runoff in six reservoirs for RCP4.5, RCP8.5
during 1990s, 2025s, 2055s and 2085s
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Fig. 6 The average of total paddy rice evapotranspiration
(ETc) in six reservoirs for RCP4.5, RCP8.5 during
1990s, 2025s, 2055s and 2085s
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738.4 mm, 2055s°1= 826.1 mm, 2085s%= 869.8 mm=
F=90ch RCP8.5AIUE] 28] 9= 20255014 746.8 mm,
2055501141 857. 9 mm 18] 2085504 949.8 mmE A&
Ql S7H vERtE ERAM oA = 7171kl 719.3 mmeo]
om RCP4.5 AlUg]oflxl= mlEfAl7] (20255, 2055s, 2085s)
o] Wt 769.1 mm, 872.3 mm, 919.7 mmZ oAtEglom,
RCP8.5 AU Qo= 784.3 mm, 916.9 mm, 1020.5 mm=
UERsiT) =8 SRk S/ AR e, SEAY
B} dRAeA 2 AR iEGE|, ol &k F7Pt
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Table 4 Results of reservoir water balance

' RCP4.5 RCP8.5
Region Re;;;;mr Water flow 1990s 20255 20555 20855 2025s 20555 20855
(10° m’) (10" ) (10° m’)

Inflow 5,688.0 6,435.7 7,170.8 6,871.2 6,406.5 6,924.1 7,944.9

Yooshin Release 1,162.5 1,235.4 1,169.9 1,233.7 1,244.5 1,190.8 1,194.0

Overflow 46212 5,336.4 6,1175 5,752.9 5,331.4 5,819.3 6,862.3

Inflow 1,406.2 1,602.1 1,786.7 1,708.1 15975 1,722.6 1,982.2

Egg;il Nogok Release 299.8 314.6 298.2 314.2 318.3 303.6 304.0
Overflow 1,150.8 1,338.7 1,545.5 1,446.6 13303 14706 17385

Inflow 2,926.0 2,425.6 2,688.8 2579.8 24156 9,599.3 2,962.3

Kumsung Release 805.7 8515 806.8 850.2 859.2 8214 822.7

Overflow 1,651.4 1872.8 21699 20112 1,870.1 2,050.9 94283

Inflow 1,947.3 25016 2,624.0 2,644.6 2,295.4 27454 32315

Songgok Release 7072 675.8 7323 7217 716.0 7175 718.2

Overflow 14035 1,989.0 21143 21238 1,773.8 21920 2,706.6

] Inflow 1,560.6 2,004.6 21135 2,129.0 1,839.0 22121 2,607.5
Sf;ﬁ“ Gapyung Release 4358 416.3 451.0 4444 4410 4418 442.3
Overflow 1,158.5 1,633.8 1,728.2 1,739.0 1,444.9 1,8180 9,222.2

Inflow 2,120.2 27177 9,870.2 2,891.4 24927 9,999.2 35313

Seoma Release 525.0 503.2 5305 5240 5305 5209 516.2

Overflow 1,662.2 2,307.0 24363 9462.4 2,042.1 9,576.2 3,131.8

6.6 %5 Rt HEAL A4R]9 A= RCP4.5 AU L Table 5 Drought return period by annual maximum water

9] 2025594 A (BH — 4.4 %)= JeEY9lon, 205559

A 7V 2 37V (Bt 2.7 B)E R

Ap2|e] LFRTFe] A9 7|73t o] 7 AA S A
oL zuzuHko] FAASAR RCP8.5 AU 2.9] 20255004
13.2 % 57V UeRllaL, 7P 3A 718t 9= JRA
o] 2~5d HlE ALR|0l $3F ALARZ 92.8 % F7HE HY
o} E3 67 i dAlaeAloll thiste] RCP8.5 Alvke] 2.9 2025s
oA 7} 22 F7FE YERHQIAL RCP8.5S AluE]L.2] 2085s
oA 71 2 718 eI, ol AR e &
2 A BoFA §lon] QR dRT] 2 9L vA|
7] Qo g sehe)

4. SYEXNTAS 8+E5sH 87t

Zk AR o] Al o] w2 A7 (2025s, 2055s, 2085s)
A2 BeArFs AAsh] A8l AAES AdslaL, SEd
2o s 4T $ A= HAS Folol GEV &£
e HHELEF R A FEATEEY vE
E3lo] AJF7|7H Wele 243191, A3 Table 59F 2t}

FTHALL] A= RCPAS Alvke] 2.9] w]2jA]7]2t RCP8.5
AluE]L.9] 2025504 EFAEE] AapAl= RCP4S ALzl L
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requirement

' RCP4.5 RCP8.5
Region Rej;‘?;” 990 o0a5s | 2055s | 20855 | 2025s | 2055s | 20855

(year) (year) (year)
Yooshin | 33| 22| 30| 29| 21| 41] 50
Ejg;il Nogok | 86| 48| 80| 93| 35| 308] 156
Kumsung| 111] 47| 90| 61| 33| 186] 138
] Songgok | 26| 37| 21| 25| 28| 39| 36
5?5;;;“ Gapvung | 71| 265| 44| 67| 86| 348| 480
Seoma | 18.2 [ 3333 | 105| 164 196| 250| 500

9] 2055s, 2085s0llAl 7|2717te] A4=A] AARIES} H]astS
< of AA7|te] Fashs Ao BAESL) So] FHAY
9] 109 ®IE o A9l 34 A4Al= RCP8.5 Alue] 2.9
202550141 70 % TAE&S B 7P 37 Tasks AoE 4
ERSiTt ol 7| 3RIgtR Qlato] AXd) Faxpigo] AR
FaAegET gol)7] fiRof 352 Aujrt Ad ks
d& UediH, S49A5R1e] A$ Aol Al Aol B&
SF3loF 3= Al7I91 690l ATt Bt 9.1Y (71E71%D)
oA 8% (2025s)F Faste] VRt AxtE skt

ol9]o] A7 A= Ve IRkt A=x]9] M@ 7|7to] St
k= A0R YeRron, E3] YRAMe 104 W= ol A
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Runs 028 0|83t A2 759 H71E s17] $1st
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Table 6 Severity with respect to the return periods

Reservoir 2-year S-year 10-year 20-year
name (10° m’xday)
Yooshin 182.14 548.86 908.61 1325
Nogok 90.02 306.85 518.14 756.27
Kumsung 258.02 558.95 814.31 1086.6
Songgok 189.63 485.8 757.89 1061.2
Gapyung 155.29 422.57 646.75 884.19
Seoma 246.32 504.73 695.39 894.48

Table 7 Duration and frequency by 5~ 10 year return period

Reservoir name
Yooshin | Nogok [Kumsung|Songgok | Gapyung| Seoma
D] 16 %5 % % 31 32
1995s D)
F* 1 3 4 2 6 4
| D 11 21 9 23 13 15
20259
F 5 6 3 2 2 2
| D 17 22 23 10 16 16
RCP4.5 20555 -
F 8 5 4 2 1 1
| D 13 13 18 14 13 17
20855
F 4 1 3 1 4 2
| D 42 25 23 16 14 -
20253 -
F 1 5 5 3 1 -
| D 11 13 11 11 15 18
RCP8.5 20555
F 5 2 1 2 2 1
| D 14 18 25 21 15 15
2085s|
F 3 3 4 3 4 1

1) D : Duration (days)
2) F : Frequency (times)

HIE A2l FAL AR ZA RCP4.5 AlU]2.9] 2055500141
19, RCP8.5 AU 2.9] 2025504 269 Z7lst= AoR
Uehth 53], RCP8.5 Alue] 9] 2025s0lk= A1&5717ke 57t
stgou HlEs 1HOR Uepd=t) o= 7Hao] WA 2034
o] 49 7Heko] 57 mmE 202559 49 Bt 7Rl 107.4
mme} Bluste] A7) white] AR g REoR wdt
gt o] A5 ALfet U] A9t njEf A7]o|A = 7]E
7|1Z¥} Wlwste] 7HE A|&717ko] AAdhe A0R UeRhet,
E5] JiAke] 1049 ok WIwE 7Rl Auf A422] 749-= RCP
8.5 AUE]2.9] 20255004 7ha A&7 17k} WlE=rF UepA] oF
< AOR dPfEglet. ol WA g St el 27w
SHARE WEA o] g AR} 27] giEo R wekE)

ST} Auf 2429 749 RCP8.5 Aluke] 2.9} 2025504 2
2 A9 RlErt OE AR5 tE A E= S Ao
£ Holo] et ApA] ARz i vjgo] 7HEdlS-52o]
HEEojop & A 07 AtrH}
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