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Abstract

The purpose of this study is to predict agricultural reservoir storage rate (RSR) in a month. This algorithm was developed by multiple
linear regression model (MLRM) which included the past 3 months RSRs data and the future climate change scenarios. In order to
improve use of predicted RSR, this study need the severe criteria in terms of drought. So, the predicted RSR was indexed as the 3 months
reservoir drought index (RDI3) and then it was disaggregated into drought duration, severity, and intensity. For the future RSR estimation
by climate change scenarios, the 6 RCP 8.5 scenarios of H.ddGEM2-ES, CESM1-BGC, MPI-ESM-MR, INM-CM4, FGOALS-s2, and
HadGEM3-RA were used in three future evaluation periods (S1: 2011~2040, S2: 2041~2070, S3: 2071~2099). The future S3 period of
HadGEM2-ES scenario which has the biggest increase in precipitation and temperature showed the largest decrease to 60.2% among
the 6 scenarios compared to the historical RSR (1976~2005) 77.3%. In contrast, INM-CM4 scenario which has smallest changes in
precipitation and temperature in S3 period showed the smallest decrease to 72.8%. For the CESM1-BGC and MPI-ESM-MR, FGOALS-s2,
and HadGEM3-RA, the S3 period RSR showed 72.6%, 72.6%, 67.4%, and 64.5% decrease respectively. The future severe drought
condition of RDI3 below —0.25 showed the increase trend for the number and severity up to —2.0 during S3 period.
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Analysis National Agricultural Reservoir Storage Rate based on Multi-Linear Regression
Model with Extreme Cases of Climate Change

Climate Change Scenario

Monthly reservoir storage ratedata

Monthly meteorological data

+  IPCC 5thReport RCP
(Representative Concentration
Pathway) 8.5 Scenario

+  Using5 scenarios classified by the

+ 3,067 reservoirsdata from KRC
* Reservoir storagerate (%) during
2002-2016

+ 63 Station ASOS from KMA(2002-
2016)

+  PCP(mm/day), Max. /Min./ Avg.
Temperature (°C), average wind

STARDEX in Kim et al., 2018

speed (mfs)

Multi linear regression analysis monthly reservoir storage rate(RSR3)

¥
Application on climate change Scenario

*  Extreme climate change scenarios
v Base: HadGEM3-RA
¥ Wet: HadGEM2ES, CESM1-BGC
n; MPL-ESM-MR

¥ Dry: INM-CM4, FGOALS-s2
+ Using monthly meteorological data of each scenario
v Near future (2011-2040, S1)
v Middle future (2041~2070, S2)
v Far future (2071~2099, $3)

+  Estimation of national average agricultural drought
index by climate change scenario (RDI3)

+  Estimation of duration, severity, intensity for drought
event

Future drought characteristics using RSR3 of agricultural reservoirs

s . . leservoirs
b : # ASOS Station
<Study Area>

+ Comparison of results of future drought evaluation through STARDEX and RDI3
+ Present time-series changes in quantitative drought for preparing for agricultural drought

Fig. 1. Study area and flow chart
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Table 1. RSR3 Regression coefficient
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— a (Precipitation) | B (Max. temperature)| ¥ (Min. temperature)| 0 (Avg. temperature)| € (Avg. wind speed) o | R
M | M-1 | M-2 M | M-1 | M-2 M | M-1 | M-2 M | M-1 | M-2 M | M-1 | M-2

1(-0.01|0.02 | 0.02|-0.21|-0.48]|-1.10| 0.72|-1.27 | -1.10 | -0.54| 1.78| 1.86 | 0.08 | -0.41| -0.18 | 0.97 | 8.13| 0.94
21 0.02]0.00 | 003]| 0.14| 1.14 |-1.16 | 0.22| 1.55 |-1.41| -0.64| -2.70| 2.54 | 0.62 | -1.01|-0.21 | 0.90 |11.01| 0.94
3| 001 0.09 | 0.07 | -096| 3.13 | 0.38 | -0.12| 3.55|-0.52 | 0.64| -7.31| 0.81 | -0.40 | -1.22| 0.42 | 0.84 |18.64| 0.88
41 0.01 | 0.02 |-0.02|-0.94|-096| 1.74 | -0.55|-0.99 | 2.25| 0.60| 2.40|-3.99 | 0.67 | -1.39| 0.82 | 0.83 |28.20| 0.86
51 0.05| 0.04 | 0.03 |-2.18| 191 |-196| -1.18| 0.43 | -2.08 | 2.82| -2.33| 4.01 | -2.70 | -0.53| 4.38 | 0.76 | 9.32| 0.78

?AU 6| 003 0.12 | -0.03 | -1.05|-0.76 | 0.95 | 0.14|-4.50| 2.70 | 0.33| 4.60|-2.79 | -593 | 0.53| 4.72 | 0.76 | -4.53| 0.68

& 7| 0.03|0.05| 0.01 |-0.17|-3.44|-092 | -4.03|-0.64 | -0.75 | 2.31| 6.51| 0.14 | 1.17 | 1.68|-2.52| 0.63 {41.92] 0.61
8| 0.02 | 0.01 |-0.04 [-10.61| 1.72 | 2.73 | -4.82| 3.17 | -2.48 | 12.88| -5.53| 1.04 | 0.85 | -3.71| 2.22 | 0.63 {93.20| 0.60
91 0.04 | 0.0l | 0.00| 826|-6.74 | 595 |12.10|-533 | -1.45|-23.97|14.36|-4.25| 0.64 | 3.49| 2.71 | 0.77 | -3.84| 0.73
10| 0.06 | 0.00 | 0.00 | -2.27(-1.93 | 5.10 | 0.37|-1.97 | 2.86 | 0.24| 3.73|-7.37|-0.53 | -0.51|-0.43 | 1.01 |16.56| 0.82
11| 0.03 | 0.06 | -0.01 | 3.08|-2.78 | -2.37 | 4.87|-3.23 |-2.44| -8.80| 5.69| 5.31 | 3.36 |-10.23| 5.44 | 0.95 |14.91| 0.90
12| 0.00 | 0.03 | 0.01 | 1.05| 0.17 | -2.09 | 2.86|-0.23 | -2.78 | -3.98| 0.18| 4.71 | 0.64 | -0.02| -2.80 | 0.96 |11.51| 0.92

D Previous month reservoir storage rate

? Regression Constant
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Fig. 3. Changes in precipitation, maximum and minimum temperature due to climate change scenarios
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Table 2. Annual average of precipitation and average temperature in 6-scenarios by future period

XS PAENE

[elreyaum
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Precipitation (mm)

Avg. Temperature (C)

Scenario Normal | Spr (3-5) | Sum (6-8) | Aut (9-11) | Win (12-2)| Normal | Spr (3-5) | Sum (6-8)] Aut (9-11)] Win (12-2)
Obs 1307.7 236.6 723.2 259.7 88.8 12.5 11.7 23.6 14.1 0.6
His 1360.1 263.0 713.5 280.7 103.0 12.8 11.9 239 14.6 0.8
(+52.4) | (+26.4) (-9.7) (+21.0) | (+142) | (+0.3) | (+0.2) | (+0.3) | (+0.5) (+0.2)
S 1460.6 285.3 812.5 262.4 100.5 14.3 13.2 25.5 16.3 2.1
HadGEMD-ES (+152.9) | (+48.7) (+89.3) (+2.7) (+11.7) (+1.8) (+1.5) (+1.9) (+2.2) (+1.5)
S 1584.3 306.5 850.5 308.2 119.1 16.2 15.1 27.6 18.1 4.1
(#276.6) | (+69.9) | (+127.3) | (+48.5) | (+303) | (+3.7) | (+3.4) | (+4.0) | (+4.0) (+3.5)
3 1655.0 307.7 890.4 3335 123.5 18.3 16.9 29.8 20.6 5.8
(+347.3) | (+71.1) | (+1672) | (+73.8) | (+34.7) | (+5.8) | (+5.2) | (+6.2) | (+6.5) (+5.2)
His 1383.9 262.2 725.9 289.3 106.5 12.9 12.0 24.0 14.6 0.9
(+76.2) (+25.6) (+2.7) (+29.6) (+17.7) (+0.4) (+0.3) (+0.4) (+0.5) (+0.3)
S 1418.3 262.8 777.2 286.5 91.9 13.8 12.9 25.0 15.5 1.6
CESMI-BGC (+110.6) | (+262) | (+54.0) | (+26.8) (#3.1) (+1.3) | (+1.2) | (+1.4) | (+1.4) (+1.0)
S 1510.7 299.2 785.3 309.9 116.4 14.9 14.0 259 17.0 2.8
(+203.0) | (+62.6) (+62.1) (+50.2) (+27.6) (+2.4) (+2.3) (+2.3) (+2.9) (+2.2)
S3 1696.1 316.6 919.7 357.1 102.8 16.2 15.1 27.4 18.3 39
(+388.4) | (+80.0) | (+196.5) | (+97.4) | (+14.0) | (+3.7) | (+3.4) | (+3.8) | (+4.2) (+3.3)
His 1391.3 265.3 747.9 278.7 99.4 12.8 12.0 24.0 14.6 0.9
(+83.6) (+28.7) (+24.7) (+19.0) (+10.6) (+0.3) (+0.3) (+0.4) (+0.5) (+0.3)
s] 1506.1 289.8 802.7 299.5 114.0 14.2 13.1 25.2 15.8 2.6
MPLESM-MR (+198.4) | (+53.2) (+79.5) (+39.8) (+25.2) (+1.7) (+1.4) (+1.6) (+1.7) (+2.0)
% 1503.0 309.2 732.0 349.1 112.8 15.1 14.0 26.2 17.0 34
(+195.3) | (+72.6) (+8.8) (+89.4) | (+24.0) | (+2.6) | (+2.3) | (+2.6) | (+2.9) (+2.8)
$3 1622.8 3334 841.0 305.0 143.4 16.9 15.5 279 18.7 5.5
(+315.1) | (+96.8) | (+117.8) | (+45.3) (+54.6) (+4.4) (+3.8) (+4.3) (+4.6) (+4.9)
His 1337.1 266.2 693.8 285.7 91.3 12.8 11.8 239 14.6 0.8
(+29.4) | (+29.6) | (-29.4) | (+26.0) (+2.5) (+0.3) | (+0.1) | (+0.3) | (+0.5) (+0.2)
S 1344.1 243.3 696.0 300.0 104.8 13.5 12.4 243 153 1.8
INM-CM4 (+36.4) (+6.7) (-27.2) (+40.3) (+16.0) (+1.0) (+0.7) (+0.7) (+1.2) (+1.2)
S 1362.9 243.8 738.1 268.1 112.9 14.2 13.1 25.2 16.2 2.4
(+55.2) (+7.2) (+14.9) (+8.4) (+24.1) | +17) | (+14) | (+l6) | (+2.1) (+1.8)
3 1345.5 254.8 693.7 304.6 92.5 15.2 14.1 26.1 17.2 34
(+37.8) | (+182) | (-29.5) | (+44.9) (#3.7) +2.7) | (#2.4) | (#2.5) | (#3.1) (+2.8)
His 1326.6 258.8 671.9 2923 103.6 12.9 11.9 24.2 14.7 1.0
(+18.9) (+22.2) (-51.3) (+32.6) (+14.8) (+0.4) (+0.2) (+0.6) (+0.6) (+0.4)
s 1277.8 257.1 645.6 273.6 101.5 14.1 13.0 25.3 15.9 2.1
FGOALS.<2 (29.9) | (+20.5) | (-77.6) | (+13.9) | (+12.7) | (+1.6) | (+1.3) | (+1.7) | (+1.8) (+1.5)
9 1522.5 276.0 861.5 296.5 88.6 15.5 14.5 26.7 17.6 3.2
(+214.8) | (+39.4) | (+138.3) | (+36.8) (-0.2) (+3.0) (+2.8) (+3.1) (+3.5) (+2.6)
S3 1662.5 334.6 919.7 318.4 89.8 16.9 15.7 28.2 19.2 4.7
(+354.8) | (+98.0) | (+196.5) | (+58.7) (+1.0) (+4.4) | (+4.0) | (+4.6) | (+5.1) (+4.1)
His 1254.1 351.0 557.4 229.2 116.5 13.2 12.5 24.0 153 1.1
(-53.6) | (+114.4) | (-165.8) (-30.5) (+27.7) (+0.7) (+0.8) (+0.4) (+1.2) (+0.5)
SU| ad | oo | 10y | 259 | (30 | 19 | cre | e | con | e
+4. +121. -120. -25. +29. +1. +1. +1. +2. +1.
HadGEM3-RA S 1325.1 397.1 584.3 217.2 126.6 15.6 14.7 26.7 18.0 3.2
(+17.4) | (+160.5) | (-138.9) | (-42.5) | (#37.8) | (#3.0) | (+3.0) | (+3.1) | (+3.9) (+2.6)
$3 1471.3 381.4 683.8 252.3 153.7 17.6 16.5 28.6 19.7 5.4
(+163.6) | (+144.8) | (-39.4) (-7.4) (+64.9) | (#5.1) | (+4.8) | (+5.0) | (+5.6) (+4.8)
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Fig. 4. Distributions of RSR3 simulated continuously by scenario



388 J. U. Kim et al. / Journal of Korea Water Resources Association 52(6) 381-395

45071 71 2 0]%7(5~6 Q) A7IA] w912 G2 5t
7} o|471E ARHA S3skal FutAl7](6~7E)= 718 S
2 ] 22 3471(9~109) S A UAA G746k o] 5
FEAIZ1(10~128)0] 31 Eh= W 2] sjel-& et
(Ahn et al., 2007; Kim et al., 2017). 222 AL-A] 7] o whzt
A= A4S HElS 370 oo A7 AR AR E o]&
sto] dl5517]7F ol gk wetE|o] 2 AoA= FY9E
A7) 0] g0 8 HElS 1 eftr] 9lof 21&713F 37 |
oiet 548 A2 9] Ae-aS AP skl

Fig. 4=RSR39] A|U2] @ A8-0] YHEILE - AJgH
Aoz AU o5 A4S 7 BrP gt we e
Agol A o = TASHRITE 370 Ak w7 |9 2] A o] &
S n]2f) 24-& RSR3-2 0|47 7FA|2TE 7] A7) 71 =2
ARNE FAIH= A 4~5E o] F A& HA FAEE

ESHE 2108 BAEIT, AT 4582 6909 Fulet

Rul

FO = ol Aol 2lEH & oA asto] F47] o]
o= A& 2lEE o 0] g7 o 7kA] A4-go] fAIH]
Ao 2 HAE9Ih
A Fig. 3042k 717 R1Ake] ME-Fo] 7H 2
EF ! HadGEM-ES A 4] 2 ©] RSR3-2 A= o] A&
4 wigo] 7MY FEAA et o, 714 R1Ake] ¥E
Zo] 714 291 INM-CM4 AlLt2] 2.9 RSR3-2 TH2 471 2]
Alute] o] Bl AL o) Alp-go] AA PAgt A o8 74
& .

Table 3-2 RSR30]| T3t =& 7] S H3} A|L}a] @ 91o] H
WEAS Qo AEE 9 WU )HE B AeaS Aeet

Ao 2, F=ZZH(Observed)THe] HI WS £15l] Alvta] 2. 5f
]
o

o

ot gleteh B2 ] FUEE AES Uehhol
Historicale]] g B 414 & 0] B27]9 B B2A4-8

HE}+33~+5.5%2 71| =™ 717k vl <l S1 7731

Table 3. Changes in meteorological and RSR with extreme climate change scenario

Observed RSR3 (%)

Spr (3-5) 83.0
Sum (6-8) 72.5
Observed
Aut (9-11) 75.7
Win (12-2) 77.8
Average 77.3
Scenarios HadGEM2-ES | CESM1-BGC | MPI-ESM-MR | INM-CM4 | FGOALS-s2 |HadGEM3-RA
Spr (3-5) 85.0 (+2.0) 86.1 (+3.1) 86.1 (+3.1) 85.0 (+2.0) 84.7 (+1.6) 86.4 (+3.3)
His Sum (6-8) 79.7 (+7.2) 79.7 (+7.1) 79.5 (+6.9) 782 (+5.7) 77.1 (+4.6) 80.5 (+7.9)
(1976-2005) | Aut (9-11) 80.5 (+4.8) 81.8 (+6.1) 81.8 (+6.1) 80.4 (+4.7) 79.3 (+3.6) 76.4 (+0.7)
Win (12-2) | 82.2 (+4.4) 83.6 (+5.8) 83.8 (+5.9) 82.3 (+4.5) 81.1 (+3.3) 81.3 (+3.5)
Average 81.9 (+4.6) 82.8 (+5.5) 82.8 (+5.5) 81.5(+4.2) | 80.6 (+3.3) 81.2 (+3.9)
Spr (3-5) 80.4 (-2.6) 80.6 (-2.4) 83.1 (+0.1) 81.4(-1.7) 80.1 (-2.9) 81.6 (-1.4)
S1 Sum (6-8) 77.0 (+4.4) 76.0 (+3.5) 77.5 (+5.0) 76.1 (+3.5) 73.6 (+1.0) 773 (+4.8)
(2011-2040) | Aut (9-11) 73.7 (-2.0) 75.8 (+0.1) 77.4 (+1.6) 76.6 (+0.8) 75.4 (-0.4) 71.3 (-4.4)
Win (12-2) | 75.8 (-2.0) 77.5 (-0.3) 79.6 (+1.8) 78.4 (+0.6) 77.5 (-0.3) 74.8 (-3.0)
RSR3 Average 76.7 (-0.5) 77.5 (+0.2) 79.4 (+2.1) 78.1 (+0.8) | 76.6 (-0.6) 76.3 (-1.0)
(%) Spr (3-5) 74.9 (-8.1) 78.8 (-4.2) 81.1 (-2.0) 81.6 (-1.5) 75.0 (-8.0) 75.9 (-7.2)
S2 Sum (6-8) 70.5 (-2.0) 77.3 (+4.8) 74.0 (+1.5) 75.5 (+3.0) 71.6 (-0.9) 722 (-0.4)
(2041-2070) | Aut (9-11) 67.6 (-8.1) 72.6 (-3.1) 75.5 (-0.2) 76.3 (+0.6) 71.4 (-4.3) 60.9 (-14.8)
Win (12-2) | 67.3(-10.5) | 73.1(-4.8) 76.3 (-1.5) 76.8 (-1.0) 71.2 (-6.6) 64.8 (-13.1)
Average 70.1 (-7.2) 75.4 (-1.8) 76.7 (-0.6) 77.6 (+0.3) | 72.3(-5.0) 68.4 (-8.9)
Spr (3-5) 65.1(-17.9) | 75.6(-7.4) 772 (-5.9) 76.8 (-6.2) 70.7 (-12.4) | 71.6(-11.5)
S3 Sum (6-8) 65.6 (-6.9) 73.4 (+0.9) 73.3 (+0.8) 69.9 (-2.6) 712 (-1.4) 69.3 (-3.3)
(2071-2099) | Aut (9-11) 552(-20.6) | 70.8 (-5.0) 69.6 (-6.1) 71.6 (-4.2) 643 (-11.4) | 57.0(-18.7)
Win (12-2) | 54.9(-22.9) | 70.5(-7.3) 70.3 (-7.5) 727 (-5.1) 633 (-14.5) | 60.1(-17.7)
Average 60.2 (-17.1) | 72.6 (-4.7) 72.6 (-4.7) 72.8 (-4.5) 67.4 (-9.9) 64.5 (-12.8)
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Fig. 6. Monthly distribution of future RDI3 by scenario

Table 4. Cumulative drought history through the national average RDI by duration

Cumulative Drought History HadGEM2-ES | CESM1-BGC | MPI-ESM-MR INM-CM4 FGOALS-s2 | HadGEM3-RA
His -3.2 -3.2 0.0 0.0 -2.8 -3.1
S1 -9.2 -12.0 -2.9 -17.5 -6.5 -4.4
Severity
S2 -40.1 -10.3 -4.6 -1.5 -20.0 -24.0
S3 -113.5 -194 -19.2 -11.5 -52.7 -39.9
His 8 11 0 0 8 5
i S1 26 36 10 32 21 16
RDI3 Duration
(month) S2 100 32 14 5 61 75
S3 220 59 54 38 128 114
His -0.8 -0.8 0.0 0.0 -0.7 -0.1
S1 -1.9 =22 -0.6 -3.2 -1.2 -0.1
Intensity
S2 -5.5 24 -1.2 -0.3 -4.1 -1.1
S3 -11.6 -4.9 -4.1 -2.6 -14 -1.8
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Fig. 7. Drought events of HadGEM2-ES and INM-CM4 by RDI3 (WA: Watershed area, EV: Effective volume)
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