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Reevaluation of Design Frequency of Drought and Water Supply Safety for Agricultural Reservoirs
under Changing Climate and Farming Methods in Paddy Field
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Abstract

Past climate change influences multiple environmental aspects, certain of which are specifically related to agricultural water resources such as water
supply and demand. Changes on rainfall and hydrologic patterns can increases the occurrence of reservoir water shortage and affect the future availability
of agricultural water resources. It is a main concern for sustainable development in agricultural water resources management to evaluate adaptation
capability of water supply under the changing climate and farming methods in paddy field. The purpose of this study is an evaluation method of design
frequency of drought and water supply safety for agricultural reservoirs to investigate evidence of climate change occurrences at a local scale. Thus, it
is a recommended practice in the development of water supply management strategies on reservoir operation under changing climate and farming

methods in paddy field.
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and Choi, 2014).

AA 744 2] 109 FHIIER HAIE AR 5S o)
Q4231 TR Aol W ASEE Uehion, Selea
2 A|2810) 9 Wsk 4:7lol Wexle] 845 5o B
PbAE A B 0 2 AL g Bl A Lo ofet 7] 5t
2 QI - AMTe] Wi} 9l 40.0] chlslol ne oj4kd
T 9] Y77t 8 = th(Kim and Lee, 2002; Ahn et al., 2009;
Kim etal., 2016). & A5=A] &9 1 d GA 2 dolgh 2H
= Wrgsto] wejsfioksh, Alzto] ZAakgtel whet 714, 4
A E SR B, £ B o SR It w38
SaAIA S Adehste] W 83w E o]t o
A3 717F 2 a5tk (Nam et al., 2017). Y-8 A=A 2] o]4
A= pAFA O] S of A 4=A] o] AH 5 e}
= A ARG Rl Al aamA, 7Rt
of W2 w5 2|askslr] Sl FAHL o]t E Al
)L, oS uhero ® o Aeke Alg Bavt ek

9] e e AAS L At v w o]
Aol 27] whigol] 7t - =41t 71 do ol vzt
3} 4= Q)T (Brekke, et al., 2009; Lee and Noh, 2015; Lee et
al., 2015; Heo, 2016). &3}, =% 7151} Ao A= A
Fo] FAA 7L A S - ool &Skl e =
W e S/ e o) b 9 71 e e

YA T 59 840] 0 FFUA A5 715

Bl=sFalsl = Alood A1E, 2018 < 121



A Y SSUA Bisl) 112 SUS FAKIo) AT I OROINE T}
wslo] hE AFS o|Ssk Fubge] Agol Wasith x| 71%7Ale] "Holrk

58 A 715 B SaiAE Tl whe 2 AT 58 A4 0] AT 9 AA
AR gl R A2 GE L TR s valel  Fat Al 848 HE|TL Yaked, 55717, 38

<

(Cho et al., 2015; Nam et al., 2015b; Hong et al., 2016). ZLE A 7] W3} 5)E HEY3E o]0t =& A r)skarA} gt

A A $4TF AL BT Aguzo]  oh AR AH B AT A4K R A2
P = 2| oke] A7) St aas B & o] -GSk XX (ZRa A 2017) 5 1370 A
e | FFFS itk HAAsgE 7l YAulER A ek 2230 A 7|2 02 AR Kol
B RES S8 WS oulehs AFE FA AR 2 F BARA ANE uigon NHE 750 §4F
S5, FoRE 50) 7|58 AHgH ik (Leeetal 2012 2 B15to] ol poliwE A@sI7-0 2 Baslolch

TS WolA e =8 3%t 7% 5449 ol w2
AEe] Wow ol it 9 B7PF ol F ol Aok gt

Moon et al., 2012; Choi et al., 2014; Lee, 2014; Lee and Yi,
2014). webA, SAV Selebso] 7o} wAje] 7] 52

oA e 5 LR ol =B e = A ofl theh A 4] . X=

71l F @ Ao] A7| =S (Nam et al., 2014; Nam et al.,

2015a), HIRI3] LAYsI= 7ha 5 o1 715 Hete] 2
Tk A
[¢]

R

2HgA

2l
Rlmof| of

o

o \;:{l],.l
(]

o

[e)
Ae T U8 AeAY
=S F7HE EdlE A

Skl

Table 1 Characteristics of the agricultural reservoirs used in this study
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Reservoir Watershed Irrigated Effective storage | Design frequency | Construction Meteorological
Region name area area capacity of drought year st r?
(symbol) (ha) (ha) (10°m?) (years) (year)
Geumgwang
(Res. GGW) 4,830 1,906 12,047 10 1961 ICHEON
Deoku
(Res. DU) 2,270 573 3,547 5 1949 SUWON
rlak 2,600 378 1426 10 1923 CHUNCHEON
(Res, HK) : ,
songgang 440 235 1,077 10 2005 CHUNGUU
Central (Res. SG)
region ;
? Hakjeong 706 214 775 10 1929 CHEONAN
(Res. HJ)
haengjeong 535 326 940 10 1941 CHEONAN
(Res. NJ)
Pungjeon
(Res. PJ) 1,110 655 2,621 10 1944 SEOSAN
Gaeun
(Res. GU) 650 202 1,180 10 1948 MUNGYEONG
Geumma
(Res. GM) 452 229 818 10 1941 GUNSAN
Wanggung
(Res. WG) 866 540 1,941 10 1931 GUNSAN
Southern | Gwang 365 239 783 0 1932 YEOSU
region (Res. GGlI)
Jesan
(Res. JS) 476 203 511 10 1946 JANGHEUNG
Deokgok
(Res. DG) 686 312 695 10 1958 JINJU
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Fig. 1 Locations of the agricultural reservoirs and meteorological stations used in this study
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Fig. 2 Relationship between characteristics of the agricultural reservoirs used in this study
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Table 2 Characteristics of the current farming method in paddy field for each agricultural reservoir used in this study

Reservoir Cropping periods Nursery | Rice nursery | Transplanting
Region name Seedling bed i . area water water
(symbol) preparation Nursery Transplanting Growing (%) (mm) (mm)
8 Apr, to 15 Apr. to 10 May to 20 May to
R W 14 14
es. GG 14 Apr, 9 May 19 May 10 Sep. > 0 0
1 Apr. to 10 Apr, to 15 Apr. to 1 May to
Res. DU 9 Apr, 14 Apr. 30 Apr, 11 Sep. > 140 140
1 Apr. to 10 Apr, to 1 May to 11 June to
Res. HK 1.1 77 105
es. 9 Apr, 30 Apr, 10 June 21 Sep. :
11 Apr. to 13 May to 8 June to
Central Res. SG 12 May 7 June 25 Sep. 9
region 1 Apr. to 11 Apr. to 1 May to 11 June to
Res. H 10 Apr. 30 Apr, 10 June 15 Sep. 17 140 %9
1 Apr. to 10 Apr, to 5 May to 13 May to
Res. NJ 9 Apr. 4 May 12 May 20 Sep. 5 140 130
8 Apr, to 20 Apr. to 22 May to 10 June to
Res. PJ 19 Apr. 21 May 9 June 15 Sep. S 140 140
10 Apr, to 21 Apr. to 21 May to 11 June to
Res. GU 20 Apr, 20 May 10 June 11 Sep. 10 140 100
8 Apr. to 20 Apr, to 11 May to 11 June to
Res. GM 19 Apr. 10 May 10 June 11 Sep. 4 140 320
8 Apr. to 20 Apr, to 11 May to 11 June to
Res. W 47 14 2
es. WG 19 Apr. 10 May 10 June 11 Sep. ' 0 320
Southern 8 Apr. to 18 Apr, to 11 May to 10 June to
Res. GGl 5 140 140
region es. 17 Apr. 10 May 9 June 15 Sep.
1 May to 10 May to 30 June to
Res. JS 9 May 29 June 11 Sep. 140
25 Apr. to 20 May to 25 June to
- - - 2
Res. DG 19 May 24 June 30 Sep. 90
Central 17 Apr, to 17 Apr. to 21 May to 11 June to
region 20 Apr. 31 Ma 10 June 11 Sep.
B HoMwRs® P 4 P 5 140 140
Southern 27 Apr. to 27 Apr, to 1 June to 21 June to
region 30 Apr. 10 June 20 June 21 Sep.

* HOMWRS: Hydrological Operation Model for Water Resource System
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Fig. 3 Comparison of transplanting water at each agricultural
reservoir between the simulated data and field survey data

Fig. 4 Comparison of nursery area at each agricultural reservoir
between the simulated data and field survey data
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Kang, 2006; Lee et al., 2014). $-2|uf2} =& o] A0 1
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7HA] 300~450 mm©] ) 21, 1970 d o €] 600~800 mm =
Z713FTH (KRG, 2007; Kim et al., 2016). =2 A| A UeHs
AL SR IA (1984)0f wh=, IpA SEfQbdwe) o
SIA4=re Telo] BUUE IS A eelar gz, o
Q& 4=2Fo] 520 mm oA SHUEIE 71106, 440 mm F&=
L5 BT S0 B85 QJrk (Table 3). B Ao
35248 A1) Ol RS A S B A 0 2 48

Table 3 Definition of design frequency of drought based on unit
storage capacity

Design frequency of drought Unit storage capacity
(years) (mm)
10 520
7 480
440
380
2.33 330

sfol 27 9 A2 304 A ARE 1202 109 18) B 5
% 31§02 S Pt AFAT et ol
g 24391}
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ol H1 8 2123071 2o 7k}
L FAIE RGO, A A F7hRo0 13.4 %R A 5
9] A A4S W LS
201313014 201611 74o] BE Aol Zhaahs 5
AIZ Bgon, 49 2|ofe] ghago] 37.4 % /M 2 Lt
Ehaeh 10 k9] 2 74ee oiEl S vl e v s At
Aol 4 2122013104 201618 o1 7-920] 2003 o]
2012 o2 7=k th 7F2519IT) (Table 4). 10W7F &
B e A 1062 9 AT Bl i, 74,

Table 4 Definition of three scenarios based on climate data and farming methods

Classification Climate data

Farming methods

Scenario 1 1973 to 2002 (Past 30 years) Reference data of design standard based on HOMWRS
Scenario 2 1987 to 2016 (Recent 30 years) Reference data of design standard based on HOMWRS
Scenario 3 1987 to 2016 (Recent 30 years) Current investigation on—off survey to consider the changes of paddy

field environments
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Table 5 Comparison of annual precipitation during 1973~2002 and 1987~2016

el Meteorqlogical Reservoir 1973~2002 1987~2016 Rate of change

station symbol (mm) (mm) (%)

ICHEON Res. GGW 1,317 1,367 3.8

SUWON Res. DU 1,241 1,333 74

CHUNCHEON Res. HK 1,249 1,367 9.4

Central region CHUNGJU Res, SG 1,184 1,247 5.3
CHEONAN Res. HJ 1,219 1,235 1.3

SEOSAN Res. NJ 1,128 1,279 13.4

MUNGYEONG Res. PJ 1,270 1,293 1.8

GUNSAN Res. GU 1,404 1,443 28

Southern region YEOSU Res. GM 1,457 1,483 1.8
JANGHEUNG Res. WG 1,200 1,293 7.8

JINJU Res. GGl 1,486 1,533 3.2

Table 6 Comparison of precipitation in July during 1973~1982 and 2007~2016
e Meteorglogical Reservoir 1973~1982 2007~2016 Rate of change

station symbol (mm) (mm) (%)

ICHEON Res. GGW 291 403 38.2

SUWON Res. DU 279 436 56.4

CHUNCHEON Res. HK 27 472 742

Central region CHUNGJU Res. SG 223 279 249
CHEONAN Res. HJ 263 296 12.5

SEOSAN Res. NJ 266 315 18,2

MUNGYEONG Res. PJ 240 284 18.4

GUNSAN Res. GU 240 263 9.5

Southern region YEOSU Res. GM 263 277 54
JANGHEUNG Res. WG 227 266 16.9

JINJU Res. GGl 270 324 19.9

Sls33ts) =it g A60d Als, 2018 < 127
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Table 7 Comparison of effective rainfall based on three scenarios
Scenario 1 Scenario 2 Scenario 3
Region Rsesert\)/olir 1973~2002 1987~2016 Rate of change ) AL Rate of change
ymoo field survey data
(mm) (mm) (%) (mm) (%)
Res. GGW 643 636 -1.2 718 10.4
Res, DU 643 622 -3.5 715 10.0
Res. HK 646 631 —2.3 690 6.5
Central region Res, SG 598 595 -0.5 656 8.9
Res, HJ 599 598 -0.1 640 6.5
Res, NJ 599 598 -0.1 660 9.3
Res. PJ 584 587 0.6 710 17.8
Res, GU 588 590 0.4 576 —2.0
Res. GM 588 590 0.4 576 —2.0
Res, WG 672 683 1.6 698 38
Southern region | Res, GGI 673 672 -0.2 789 14.7
Res, JS 632 634 0.4 651 29
Res. DG 700 695 -0.8 741 55
Table 8 Comparison of maximum annual storage capacity based on three scenarios
Scenario 1 Scenario 2 Scenario 3
Region Rs;rig';'r 1973~2002 | Standard | 1967~2016 | Standard ﬁe|;9§$2312ata Standard
(1000 m°) deviation (1000 m°) deviation (1000 m) deviation
Res, GGW 6,418 2,041 6,338 2,197 8,844 2,809
Res, DU 1,784 692 1,768 697 1,877 739
Res, HK 838 336 850 388 825 384
Central region Res, SG 1,008 322 1,037 381 1,487 605
Res, HJ 745 244 739 256 872 307
Res, NJ 1,546 511 1,475 553 1,875 648
Res, PJ 2,980 1,027 2,866 1,080 2,043 809
Res, GU 931 421 864 347 1,459 630
Res. GM 2,584 1,283 2,272 1,019 4,585 1,863
Res. WG 958 472 882 351 939 398
Southern region | Res, GGl 578 277 627 244 276 174
Res, JS 656 235 643 241 582 225
Res. DG 974 570 1,010 539 1,217 551
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Table 9 Comparison of maximum annual storage capacity based on three scenarios

Realon Reservoir Con?::or:tion Desi)g:n d:;)izuhincy Scenario 1 Scenario 2 Scenario 3
symbol (year) (years) (years) (years) (years)

Res. GGW 1961 10 over 10 over 10 5~7

Res. DU 1949 5 over 10 over 10 over 10

Res. HK 1923 10 over 10 10 7~10

Central region Res. SG 2005 10 3 3 3

Res. HJ 1929 10 3 3 3

Res. NJ 1941 10 2 2 2

Res. PJ 1944 10 2 2 3~5

Res. GU 1948 10 2 3 2

Res. GM 1941 10 2 2 2

Res. WG 1931 10 2 2 2

Southern region Res, GGl 1932 10 2 2 2

Res. JS 1946 10 10 10 over 10

Res. DG 1958 10 2 2 2~3
BAARARY A oo HAG AR 10 R o] A7} W ook we] A Yt sk 34t
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