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Abstract

To simulate accurate drought, a drought index is needed to reflect the hydrometeorological phenomenon. Several studies have been conducted in Korea using
the Modified Surface Water Supply Index (MSWSI) to simulate hydrological drought. This study analyzed the limitations of MSWSI and quantified the
uncertainties of MSWSI. The influence of hydrometeorological components selected as the MSWSI components was analyzed. Although the previous MSWSI
dealt with only one observation for each input component such as streamflow, ground water level, precipitation, and dam inflow, this study included dam storage
level and dam release as suitable characteristics of the sub-basins, and used the areal-average precipitation obtained from several observations. From the MSWSI
simulations 0f 2001 and 2006 drought events, MSWSI of this study successfully simulated drought because MSWSI of this study followed the trend of observing
the hydrometeorological data and then the accuracy of the drought simulation results was affected by the selection of the input component on the MSWSI. The
influence of the selection of the probability distributions to input components on the MSWSI was analyzed, including various criteria: the Gumbel and
Generalized Extreme Value (GEV) distributions for precipitation data; normal and Gumbel distributions for streamflow data; 2-parameter log-normal and Gumbel
distributions for dam inflow, storage level, and release discharge data; and 3-parameter log-normal distribution for groundwater. Then, the maximum 36
MSWSIs were calculated for each sub-basin, and the ranges of MSWSI differed significantly according to the selection of probability distributions. Therefore,
it was confirmed that the MSWSI results may differ depending on the probability distribution. The uncertainty occurred due to the selection of MSWSI input
components and the probability distributions were quantified using the maximum entropy. The uncertainty thus increased as the number of input components
increased and the uncertainty of MSWSI also increased with the application of probability distributions of input components during the flood season.
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Fig. 1. 14 sub-basins in Geum river basin for case study

20014, 2006, 20142 o0 2 51Tt 200113 2] 7
=771, 57, YT A2 old 2] 20~30% -
FHbof =]7] ¢ierom, 2006 Holli= 3, AebaE i, B
£ FAHOE 8~104d o] W tH] 30% =45l &
Z| QFTHNEMA, 2009). 20140l = 73, 7], 54 47
2] 9] a2 WA TH] 50~61% F<=0]3loH, 5] 7
2ol = B84 AlbEr7EA] AAISFATHKMA, 2016).

2.2 Modified Surface Water Supply Index2| 4|2k 2

oA At Htet Zo] & Aol i 3A 425H 7
wAgo|H, S €] 7HEAtol| 4] @A o]-8-H MSWSI
= A1735klek. MSWSIS] 7Ha A = TR A|(-4.2~4.2; I3
TR (DAL 7), A7 FR(DAL: 6), FHE(EAL: 5), EE/“
Hi(SA: 4), eFetE-a(DA: 3), Ae5-a(DA: 2), T35+
(SHA: 1)2 2%, PDSI (Palmer Drought Severity Index)
L} PHDI (Palmer Hydrological Drought Index)2} -5 5ttt
MSWSI9] 7] 2412 v gt

Table 1. Important components for calculating MSWSI in each step

— [w, X PN, +w, X PN, +w, PN, +w, X PN, ] =50
12

(1

7)1 A4 PNE=Z+ ¢lE o1z} H] ii}@ré(nonexeedance pro-
bability)°]™, pep= 74, gw= A5Hr9, sf=
rse A2, wis ZF QIAHE ]Ti] ofm] °}E}
MSWSIS AP M-S A K, 21§17 ©A 2 MSWSI
O] YRR F87FaS F o T2 I A 2 A
7, T §A DA = MSWSI 4 =Q1A10] 7h52] 4H, Al §iA
2 7} Qlejoiafe] SHE R 54, shAjel B2 B, (1)9]
MSWSIAE o|-§5te] 7hE 2|45 AP gitt. sk R AHg

}LTI’O,

) 7} A E MSWSI APEe] |21 = Fa3 a9150] &
10, Z- B %0 Q1AME AN R e} K Table 1),

o SRR Al MSWSIOl| 887 Fs ot ol 27178
224 5L A1
O F8 W= A-87Fe et YA 4=
@ BRARNAL= Zh AHRIA AT o] of A

o 5 WA Al MSWSI A RJIAHE 7152] A1
O T8 2 A2 7H5A]
@ WA= 7 4 ZH Armdoler At

o Al A GA]: S QIAbE SER R A Bl v 2ekE
Zr AHA

D FAAE 2 Qe v 2B
ko) hne) S
1

(¢}

r
rO

r° o Eo

= =

@ PAAAE A SFEEE ) 443 7} )

A2 0] 2 A2 EA

=

A AL SR S e
A7kl 7 olxto] A EA-g S g o 24 MSWSIE A
A2 LAY shH= 7Hael 7P Aot A mofd 4= Qlrt. ¥
A AA A= DEE AP H BE J=H 1A o] ZF 17k2]
H| 52 Hl st 7FgA] & 2 A stofof gt 2 Aol A
= Doesken et al. (1991)°0] A|Het 7HE2] AFHIH-S o] 86
St o] -2 (1) ZF QIAPE 2 EEZ(monthly value)S &
Z%H(annual total value) 0.2 Lro] Ex}5}sto] 7] 715

L

Step Important component
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Investigation of hydrometerological components

Numbers of available components

* Data record period & quality of components

Calculation of weights

Weights

* Data record period & quality of components

Estimation of probability distributions

Probability values of non-exceedance

* Selection of proper probability distribution
* Data record period & quality of components
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Procedure of MSWSI calculation

Investigation of hydrometeorological components at each
sub-basin

;

Selection of proper hydrometeorological components at
each sub-basin and collection of their data

;

Calculation of weights for each component

;

Estimation of appropriate probability distributions for each
component

'

Calculation of MSWSI results
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Subjective judgement of researcher#1

+ Major component: numbers of available

+ Related component: data length and quality for each

hydrometeorological components as input components

input component

}

« Major component: weights for each input component
» Related component: data length and quality for each

input component

b

+ Major component: nonexceedance probability value

+ Related component: selection of appropriate probability

for each input component

distributions and data length and quality for each input
component

Subjective judgement of researcher#2

Fig. 2. Procedure of MSWSI calculation and corresponding steps to subjective judgement of resaerchers
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Table 2. Selected hydrometerological components and stations at each sub-basin
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Hydrometeorological components

Sub-basin Sub-basin name —
Precipitation Streamflow Dam Groundwater
Jangsu, Daebul, Buksang, Inflow & water-level
3001 Yongdam dam Jinan Donghyang, Chunchun in Yonedam dam Jangsu-Jangsu
Downstream . Release discharge
02 M K Anch
30 of Yongdam dam wu (KW) fiehin in Yongdam dam
Muju Muju (KW), Buksang,
0 Ich k
3003 Namdaecheon Muju (M) Sulchun, Jangbae
Geumsan (K), Geumsan Geumsan-Geumsan,
04 Y h H
30 oungdongcheon (KW), Youngdong Sutong, Hotan Geumsan-Boksu
Chupoongryung, .
0 h h h
3005 Chogang Hwanggan, Buhang? Songchun, Simchun
3006 Upstream of Iwon Okchun

Daecheong dam

Boeun (K), Boeun (KW),

3007 Bocheongcheon Neungwol Gidaegyo, Chungsung
3008 Daecheong dam Gunbuk, Annae Okgakgyo, Daechung In.ﬂow & water-level
dam, Hyundo in Daechung dam
3009 Gapcheon Daecheon Bangdong, Sindae Dagjeon-Moonpyung,

Daejeon-Taepyung

Downstream of
3010 Daecheong dam Bugang

Bugang, Maepo

Release discharge
in Daechung dam

Cheongju, Chunan,
Gaduk, Sunghwan,

Chungju, Hapgang,

Chungwon-Gaduk,

3011 Mihoch . . .
fhocheon Byungcheon, Jeungpyung, Mihogyo Jinchun-Jinchun
Jinchun, Oryu
Buyeo, Chungyang,
Geum river Jungsan, Banpo,
3012 . . §
Gongju Bokryong, Gongju, Guryong, Gyuam
Hongsan, Jungan
3013 Nonsancheon Yeonsan, Jangsun, Hangwol, Nonsan
Ganggyung
3014 Geum river Gunsan, Hamyeol, Ippo, Okpo

estuary bank Ganggyung
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Table 3. Comparison of hydrometeorological components in each sub-basin between the previous and this MSWSI study

Sub-basin Previous MSWSI study

This MSWSI study

Sub-basin classification

3001 D DF., SF (1 OB), Pep (1 OB) |Y _DF & Y_DWL, SF (2 OBs), Pep (4 OBs), GW (1 OB)

Upstream of dam

3002 D_DF, SF (1 OB), Pcp (1 OB)

Y _DRD, SF (2 OBs), Pcp (4 OBs)

Downstream of dam

3003 D_DF, SF (1 OB), Pcp (1 OB)

SF (2 OBs), Pcp (3 OBs)

Precipitation, Streamflow

3004 D_DF, SF (1 OB), Pcp (1 OB)

SF (3 OBs), Pep (2 OBs), GW (2 OBs)

Precipitation, Streamflow

3005 D_DF, SF (1 OB), Pcp (1 OB)

SF (2 OBs), Pcp (3 OBs)

Precipitation, Streamflow

3006 D_DF, SF (1 OB), Pcp (1 OB)

SF (1 OB), Pcp (1 OB)

Precipitation, Streamflow

3007 D_DF, SF (1 OB), Pcp (1 OB)

SF (2 OBs), Pcp (3 OBs)

Precipitation, Streamflow

3008 D _DF, Pcp (1 OB) D DF & D_DWL, SF (3 OBs), Pcp (2 OBs) Upstream of dam
3009 SF (1 OB), Pcp (1 OB), GW (1 OB) SF (2 OBs), Pcp (1 OB), GW (2 OBs) Downstream of dam
3010 Pcp (1 OB) D DRD, SF (2 OBs), Pcp (1 OB) Precipitation, Streamflow
3011 SF (1 OB), Pcp (1 OB), GW (1 OB) SF (3 OBs), Pcp (8 OBs), GW (2 OBs) Precipitation, Groundwater
3012 SF (1 OB), Pcp (1 OB) SF (2 OBs), Pcp (8 OBs) Precipitation, Streamflow
3013 Pcp (1 OB) SF (2 OBs), Pcp (3 OBs) Precipitation, Streamflow
3014 Pcp (1 OB) SF (2 OBs), Pcp (3 OBs) Precipitation, Streamflow

*Y_: Yongdam dam, D_: Daecheong dam, DF: Dam Inflow, DWL: Dam WaterLevel, DRD: Dam Release Discharge, Pcp: Precipitation,
SF: StreamFlow, WL: WaterLevel, GW: GroundWater, OB: Observed station

Table 4. Comparison of the previous and this MSWSI results in July in each sub-basin

. Previous MSWSI result (step) This MSWSI result (step)
Sub-basin
2001 2006 2001 2006
3001 -1.95 (5) 2.91(2) -0.49 (4) 3.48 (1)
3002 -1.95(5) 2.91(2) -0.41 (4) 0.98 (4)
3003 -1.95(5) 2.91(2) -2.08 (6) 4.03 (1)
3004 -1.95 (5) 2.91(2) -1.09 (5) 3.68 (1)
3005 -2.76 (6) 0.739 (4) 0.87 (4) 3.80 (1)
3006 -0.91 (4) 2.01(2) -2.46 (6) 3.74 (1)
3007 -2.66 (6) 1.45 (3) -3.55(7) 3.50 (1)
3008 -2.80 (6) 2,69 (2) 2.47 (6) 3.69 (1)
3009 -3.16 (7) 1.89 (3) -3.21(7) 1.41 (3)
3010 -2.49 (6) 2.39(2) -2.41 (6) 3.36 (1)
3011 -2.14 (6) 1.65(3) -1.94 (5) 3.35(1)
3012 0.53 (4) 0.40 (4) -1.76 (5) 2.51(2)
3013 -1.45(5) 2.70 (2) -3.20(7) 3.49 (1)
3014 -0.77 (4) 2.70 (2) -1.92 (5) 3.23 (1)
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Fig. 3. Verification of the previous and this MSWSI results in sub-basin 3001 and 3010: (a) & (b) at 3001 and (c) & (d) at 3010
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Table 5. Available probability distributions to each hydrometerological component at each sub-basin

483

MSWSI components

Sub-basin —
Precipitation Streamflow Dam Groundwater
* Gumbel * Gumbel * 2-Log-Normal * 3-Log-Normal
3001 * GEV * Normal * Gumbel * Normal
* Normal * Normal
* Gumbel * Gumbel * 2-Log-Normal
3002 * GEV * Normal * Gumbel
* Normal * Normal
* Gumbel * Gumbel
3003 * GEV * Normal
* Normal
* Gumbel * Gumbel * 3-Log-Normal
3004 * GEV * Normal * Normal
* Normal
* Gumbel * Gumbel
3005 * GEV * Normal
* Normal
* Gumbel * Gumbel
3006 * GEV * Normal
* Normal
* Gumbel * Gumbel
3007 * GEV * Normal
* Normal
* Gumbel * Gumbel * 2-Log-Normal
3008 * GEV * Normal * Gumbel
* Normal * Normal
* Gumbel * Gumbel * 3-Log-Normal
3009 * GEV * Normal * Normal
* Normal
* Gumbel * Gumbel * 2-Log-Normal
3010 * GEV * Normal * Gumbel
* Normal * Normal
* Gumbel * Gumbel * 3-Log-Normal
3011 * GEV * Normal * Normal
* Normal
* Gumbel * Gumbel
3012 * GEV * Normal
* Normal
* Gumbel * Gumbel
3013 * GEV * Normal
* Normal
* Gumbel * Gumbel
3014 * GEV * Normal
* Normal
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Fig. 4. Comparison of the previous and this MSWSI results in July in each sub-basin 3001 and 3008 in 2006 and 2014: (a) & (b) at 3001 & 3008

in 2006 and (c) & (d) at 3001 & 3008 in 2014
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Table 6. Maximum entropy results for each sub-basin and month in each drought event

(a) For each bub-basin

Maximum entropy
Sub-basin Average
2001 2006 2014
3001 1.002 1.198 1.503 1.234
3002 0.985 1.210 1.352 1.182
3003 0.845 0.785 0.985 0.872
3004 0.985 1.002 1.052 1.013
3005 0.789 0.812 1.005 0.869
3006 0.521 0.651 0.785 0.652
3007 0.742 0.584 0.712 0.679
3008 0.854 0.888 0.616 0.786
3009 0.795 0.875 0.687 0.786
3010 0.891 0.985 0.871 0916
3011 0.841 0.784 0.852 0.826
3012 0.668 0.578 0.363 0.537
3013 0.784 0.652 0.514 0.650
3014 0.781 0.587 0.612 0.660
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Table 6. Maximum entropy results for each sub-basin and month in each drought event (Continue)

(b) For each month

I
=

-a= 2001

Maximum entropy
Month Average Season Averaged ME
2001 2006 2014
1 0.562 0.650 0.541 0.584
2 0.701 0.716 0.629 0.682 Spring 0.787
3 0.825 0.765 0.882 0.824
4 0.795 0.827 0.722 0.781
5 0.721 0.847 0.697 0.755 Summer 1.053
6 0.854 0.785 0.865 0.835
7 1.215 1.379 1.174 1.256
8 1.125 1.087 0.992 1.068 Autumn 0.904
9 0.987 1.182 1.077 1.082
10 1.002 0.843 0.883 0.909
11 0.785 0.686 0.695 0.722 Winter 0.676
12 0.625 0.889 0.768 0.761
16 6 1.5 1.0
w2001 32006 w2014 = @= # of components
s 2 A\\ 08
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Fig. 5. Comparison of maximum entropy results between sub-basins and months for each drought event
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