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A Study on Semi-distributed Hydrologic Drought Assessment Modifying SWSI
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Abstract

A hydrological drought index, MSWSI (Modified Surface Water Supply Index) was suggested based
on SWSI. South Korea was divided into 32 regions considering the distribution of available gauge
station of precipitation, dam storage, stream water level and natural groundwater level. The indices
estimated in the regions represent a spatially distribution of drought. Monthly MSWSI was evaluated
for the period of 1974 and 2001. The result was compared with PDSI and checked the applicability of
the suggested index in our hydrologic drought situation.
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Table 1. The number of stations of each hydrological component

Basin __ Total _ Selected
name Precvlpx— Stream ‘Dam Ground~ Pre(EIDI‘ Stream .Dam Ground-
tation flow inflow water tation flow inflow water
Han 18 102 7 74 15 4 2 8
Nakdong 24 94 17 79 19 3 3 7
Geum 14 36 5 65 13 4 1 3
Seomjin 6 25 5 24 6 2 1 1
Yeongsan 5 28 1 24 5 1 0 2
Jeju 4 0 0 0 3 0 0 0
Total 71 335 35 266 61 14 7 21
* A5 ¢ 7B AR (http//www.gims.go.kr/)
=71 AR A B A 2 http//www. wamis.go.kr/)
7V (http//www kma.go.kr/)
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Table 2. Drought classifications of SWSI

~ Value condition Value condition

4 or more extreme wet -2 to -1 mild drought
3tod severe wet -3 to -2 moderate drought
2 to 3 moderate wet -4 to -3 severe drought
1to2 mild wet -4 or less extreme drought
-1tol near normal

Fl

SWSIE 2HAsh7] faixe 7Heel 43e mixe

FEIAE ZAs L AR 9 4F FRAAES AT
Moz BAstojop 81, Shafer & Dezman (1982)&
ZE FEAR &EY NS TRt FEARES
Hla g 23] 7bedtes 7H‘d‘5‘}951‘3}. Z, 99 2%
FEAAE 7 9EE AALS T4 H Z 9E A
ALE Astetes ﬂ%‘?vll\:— FE T o|2
B ol FrHEER RS ERE HaRdES A
ATk oA AFE 4F FEAAY HzALEH
TFeAFZEE B (Dol olste] A =s, 2 ghe] 9
waHE ¥k Table 29F Zth

aX PN,, +bX PN, +cX PN,;+dx PN,, =50

SWSI = : o 1

o714, PN H|2#EEo|H a b, ¢, de 2t FEUAR
9l FHEAS(atb+crd=1), spE A2 snowpack
component), pepE ZA4¢] 21 2H(precipitation component),
sf 313 §-& A A streamflow -component), rsE A F
ZQ1 ZH(reservoir component)?]Th.

Shafer & Dezman (1982)2 Z28% F94 585
o glo] Aglle A AAe F2A4 F HE AR
£ n#ste] AREskal o5 o~r°ﬂ“ AAAE
&A= Eﬁxﬂo}‘ﬁ AR =3 AeATE gle

x| Qo] AL AEE AR A 95l 7}3;‘]‘1‘_ 2
stgem 715 ] = ALEY 8- 4 FEJIA
9] 84 i3t 7S AAA s ARREgTh o] AL
7} FEUAL Y §5FF $Y ML o)
Ado] wa} ¥ oujgit}l w3 FHeo] EAd uw

FFEE TEAA 2Eds 9 }“1 Heg ¥
71e w) ;e H ook sk FEQIA} f-9) e g
AL vt
2 AFAE 7HEd 93 vAE

o ‘ﬂr‘“«} AxE AEstaAt shgon,

Ftste A& 2 A R3} FES =],
% Ve E ANEstaa ok Aed
dEHE 7HeATE A fExde 79
12} BE4(key station)E AGsH= o] A=

E'
¥
AX
)

AR
o
Rus

#3948 8 20064 8H

[*3
-

3t} 49 key station o]-§3t] A2 £
7HEE7 QEE {9 2gadch 4 B2¥d
< JHeoll @S mAE A Tl mhet ALE
AHAA ] At 7HAS At @R 2
T JEstn she JHER/MHATE 7S
SWSIsh Azl ge A el skrel o
A= —%7}3}3317 & FeME AFE 1Y oA
Hol opd §9¢] & TF AAE s ALT &
o5 *}%@E}E Rolth Bq. ()& Besld &3 2
2 MSWSI (Modified SWSDE 73kt

rlr 18 o

oM W2

aX PN, +bXx PN, +cX PN, +dX PN, —50
MSWSI = z 1

@
oA7)4, PNE W28 880, a b, ¢, d= 2 $EAA

9} 7EA g (atb+c+d=1), pepe << A precipitation

component), sft  3FEUANstreamflow  com-

A9 #F2AHdam inflow component),
gws 819 el groundwater component)©]th.

ponent), rst

w

QEixiE B4 % 712

HI

3.

—

ueR

Fu

2 key station® A5 H5td Aw9Y
F77re &lske] 1974 o)A AaRE AAA
A ARE BHAL JE 2L ARG A
ARE 6142 714RERe) AH B42A, £ A7
NE AR Z$ARS FWASARE NEs7) st
Euidd (IDW Inverse Distance Weight)& ©l-&38
o FAREASS At BAUAE S MDY
A g 713 %ﬁo}‘# AHF AFS Watshe Wy
2 24 IDRISI32(Clark Labs, 1987) AZEY o E ALE
st 4799 key station®24] 19744l 195 2003
d 129704 € A9Age] dd BHuate fs}oq e.a
FABSEEEES FPRAT, 0T olestd &
4 B9A2E At Fig 1 19749 19 z}%%k
" 2 Yela 931, Table 32 o] ol
Ao 4 FeFe ARG ol

R
o] o]
=

f

647



32 SRR

HTAREE AFFALSANAM BEldlE FA}
YTRARA 2] SAFARZ2E g2z 24
3tk F 33749 B4 FIM AREAEE 2 }

Bolo] BA5 We AEE B e @
S ey sttin©.= AAAAT, HHEADEL9) key
station A4 AL T 2 @ FeHAEIIAHA,
AFAA) $98 VI BE2
o B§7)7ke]) FEMAA 309 o) BE2 47, @
491 G AT LA v

o @ ge

1 i Precipitation
{mm)

0-10
10 -20
120 -30
30 -40

B 100 - 110
.| I 110 -120
N

el BZAZ key station®Z HASG L) Table 4=
stationoll hg EAFold} 7HEo) st 3t
A9 g ARG doliy] 93ty 2001d B 7HE
o thate] A5tk

3.3 st xtz

AFAREE AT RAHAAN Bshs 2|8}
FHEAZSET ARE g2 F4sd Asaas
52 199513 E FA7IA] A5k E 266740 B
o] Jlom, & AFdME A8 BAiUIze nds
o 19953 19960l Axste] #EH 5270 #EF9
ABPrAREE AHESIAT 52709l BEF FAAM 7}
ol g 9k =S 243k 21709) key stations
A3ttt Table 5= A eBEF key stationdl] o

M

H

oyl

BEKBERBEHE



Table 3. Monthly precipitation (Andong—dam watershed, unit: mm)

Year Jan. | Feb. | Mar. | Apr. | May | Jun Jul. | Aug. | Sep. | QOct. | Nov, | Dec.
1974 29.5 30.2 476 1493 | 1645 71.0 3233 | 1421 625 499 17.7 324
1975 204 21.2 106.7 | 1217 | 1049 99.3 275.0 93.7 2402 | 1046 | 109.7 29.7
1976 5.1 1136 45.2 727 21.3 105.1 82.9 3868 | 524 68.0 39.5 576
1977 9.0 0.9 49.7 200.6 35.6 106.9 93.8 1456 | 1205 56.7 122.1 20.5
1978 38.9 52.2 53.3 441 16.1 2676 | 2072 | 3123 71.1 1296 | 35.7 483
1979 61.7 51.1 99.5 94.1 109.0 | 2436 | 1362 | 1736 | 141.7 20.1 6.9 26.6
1980 33.0 6.0 54.2 1609 | 107.7 | 1526 | 2742 | 2575 | 1380 | 59.8 29.6 17.1
1981 19.2 16.1 455 40.6 34.8 106.3 | 206.3 | 2432 | 228.1 12.7 41.6 9.7
1982 11.1 28.3 54.8 30.7 68.8 28.2 151.0 | 246.0 9.8 31.8 82.3 16.7
1983 19.8 183 64.3 116.1 395 1424 | 2147 | 1870 | 1505 | 67.0 105 14.0
1984 36 153 18.7 119.3 58.0 1846 | 221.3 | 1834 | 2309 19.2 79.0 229
1985 47 23.3 60.6 67.9 1205 | 666 1925 | 2285 | 2464 | 144.1 295 16.0
1986 11.7 22.0 31.1 28.8 66.3 167.1 | 1758 | 1985 80.5 130.8 10.3 489
1987 38.0 70.7 50.3 477 73.0 128.0 | 344.8 | 368.0 25.8 43.1 70.1 16.2
1988 6.9 26.9 38.7 52.1 418 1187 | 4135 74.83 1716 | 295 16.6 5.1
1985 117.2 65.1 108.1 19.6 57.8 1525 | 2779 | 1653 | 174.1 53.2 119.0 46.9
1990 48.8 134.2 63.5 87.1 94.8 2572 | 1920 | 1263 | 2804 | 33.0 65.8 9.8
1991 24.3 45.3 63.6 77.2 87.6 738 3263 | 3065 | 1653 84 6.4 106.2
1992 51.1 13.8 73.6 35.2 63.6 30.1 2009 | 2200 | 1919 35.3 16.0 38.7
1993 476 77.4 44.9 67.9 1493 | 157.0 | 3169 | 475.1 705 49.6 63.9 164
1994 24.7 15.1 29.8 33.9 1318 | 176.2 68.9 148.1 3438 1716 574 7.3
1995 139 134 80.5 55.7 63.1 78.3 1495 | 353.6 59.4 335 15.3 34
1996 29.9 20.1 1146 56.0 39.0 256.1 | 154.7 | 121.8 46,5 65.1 59.8 24.0
1997 155 21.8 29.2 53.8 189.1 | 1324 | 3085 | 141.1 95.5 9.9 151.6 65.8
1998 53.9 47.4 26.5 1311 | 1014 | 2163 | 381.1 | 3850 | 2066 | 90.3 26.1 215
1999 2.7 12.1 85.3 1366 | 1483 | 1857 | 1588 | 349.1 | 395.0 76.8 26.2 45
2000 56.1 43.0 20.3 447 65.8 150.3 | 1427 | 3079 | 3239 24.1 50.4 7.4
2001 48.0 61.6 12.3 15.3 188 | 2080 | 111.0 | 55.0 1824 | 1435 14.6 194
Average 30.2 38.3 56.2 78.9 81.1 1451 | 2179 | 2284 | 1499 62.9 49.1 272
Standard | o) 0 | 316 | 278 | 470 | 463 | 665 | 926 | 1080 | 963 | 454 | 393 | 227
deviation
Table 4. Selected streamflow observation stations sensitive to drought situation
Basin Station Station Distance | Reaction Statistical data (m) Start of
name name code form dam* | degree to : (2001. 1 ~ 2001, 5) recoding
(km) drought Min, Max, Ave.

Jeonru HS-1 160.3 normal -0.67 0.50 -0.09 1962

Han River Ganhyun HS-9 64.9 normal 1.19 1.50 1.33 1962

Yeoju HS-11 60.2 sensitive 0.66 1.41 0.79 1962

Ar;zzrf_ Yangyeong | AS-6 289 sensitive |  0.35 1.74 071 1962

Nakdong Dalji. NS-1 62.2 Sens.it.ive 0.55 1.43 091 1962

River Gumi NS4 129.2 sensitive -162 -0.12 -1.19 1962

Jeongam NS-9 103.2 normal 0.19 1.91 0.90 1962

Geumn River Gc?ngju GS-2 48.6 sensitive 0.32 1.41 0.60 1915

Jindu GS-3 62.4 sensitive -1.74 -0.28 -1.46 1962

Sapgyo- Suchon SGS-4 31.2 normal 0.16 0.65 0.27 1955

cheon Guman SGS-5 249 normal -0.99 0.86 -0.06 1962

Seomjin Daegang SJS-4 457 normal -0.18 0.68 0.03 1962

River apnok SJS-5 72.1 normal 0.01 1.32 0.38 1917

Yeongsan Naju YS-5 65.1 normal 0.58 058 058 1945

River

* Note! Used dams are Soyanggang(Han), Andong(Nakdong), Daecheong(Geum) and Seomjingang(Seomjin)
Values of other stations are distance from tide embankments
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Table 5. Selected groundwater level observation stations sensitive to drought situation

Distance Reaction Reaction |  Statistical data (m)
Basin Station | Station |form main| | o degree for | (2001.1 - 2001.5) Start of
degree to
name name code stream= streamflow . recoding |
drought Min. Max. Ave.
(km) level
Gimpo HG-1 19 sensitive | sensitive 0.23 1.36 0.80 1997.04
Singok HG-2 48 normal normal 33.59 33.74 33.67 1996.04
Yulhyeon | HG-6 0.1 sensitive | sensitive 4640 | 4694 | 4665 | 1997.04
Han River Munmak HG-7 0.3 normal normal 5391 5458 | 54.14 1997.04
Gageum HG-8 03 normal normal 5139 | 5211 | 51.65 | 1996.01
Goam HG-10 8.7 sensitive | sensitive | 265.04 | 26591 | 26553 | 1997.07
Guiun HG-11 6.1 normal normal 5.34 817 7.14 1997.04
Ar;‘:z;g_ Seonggeo | AG-1 10.1 normal | normal | 4607 | 4636 | 4621 | 1997.04
Myungho | NG-1 0.1 normal normal 196.88 | 197.27 | 19699 | 1997.04
Yecheon NG-3 35 sensitive normal 8408 | 8. 70 | 8524 | 1996.04
Nakdon Gongseong | NG-4 174 sensitive normal 7780 | 7836 | 7815 1997.04
River & Namsan NG-7 99 normal normal 63.81 66.58 65.04 1997.04
| Hapcheon | NG-8 2.1 normal normal 4419 | 4476 | 44.45 1997.04
Chojeon NG-10 0.1 normal normal 15.23 1568 | 1536 1996.04
Sanne NG-12 21.3 normal normal 198.46 | 193.88 | 198.61 | 1997.04
Geum River Daeso GG-1 126 normal normal 8468 | 86.06 | 8564 | 1997.04
Gadeok GG-3 1.9 sensitive | sensitive 7368 | 75.19 74.18 1996.04
Sapgyo Yesan |SGG-1| 01 normal | normal | 738 | 785 | 764 | 1997.04
-cheon
S;‘i’fgrm Ipmyeon | SJG-2 1.8 normal | normal | 77.09 | 7926 | 7756 | 1997.04
Yeongsan Yudeok YG-2 0.1 normal normal 15.76 16.14 16.03 1996.01
River Samdo YG-3 0.1 normal normal 3.37 4.04 3.54 1997.04
* Note: Used main stream is national stream
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Table 6. Used key station type of each watershed

Basin name Watershed Watershed Station existence Input data
No. type Dam Stream  |Ground water
1 Groundwater - - - P
2 Groundwater - - - P
3 Stream - O 0] S G P
-4 Stream - (0] - S,
Han River 5 Stream - (6] 0] S, G, P
6 Dam O - - D, P
7 Dam 0] - O D, PG
8 Groundwater - - 0] , P
9 Groundwater - - - P
Anseong—cheon 10 Groundwater - - - P
11 Stream - 0] O S, G, P
12 Stream - O O S, G P
13 Stream - 0] 0] S, G P
14 Stream - O O S, G P
15 Dam 0] - 0 D P G
Nakdong River 16 Dam 0] - - D P
17 Dam 0] - - D, P
18 Groundwater - - 0] G, P
19 Groundwater - - O G, P
20 Groundwater - - - P
21 Stream - 0] O S, G P
Geum River 22 Dam 0] - - D, P
23 Groundwater - - - P
Sapgyo 24 Stream - 0] - S, P
—cheon 25 Groundwater - - 0] G, P
26 Stream - 0] O S, G, P
Seomjin River 27 Dam 0] - - D, P
30 Groundwater - - - P
Yeongsan River 28 Stream — O O SHICH
29 Groundwater - - - P
Jeju—do 31 Groundwater - - - P
(Ulleung-do) 32 Groundwater - - - P

P: precipitation, S: streamflow, G groundwater, D: dam inflow

Table 7. Deviation of MSWSI of each distance between groundwater level observation station and main stream

Less than 1 km 1to5 km 6 to 10 km More than 10 km
Month Average Standard Average Standard Average Standard Average Standard
deviation deviation deviation deviation

1 1.40 0.89 1.32 - 151 1.33 0.67 1.57 0.87

2 1.53 0.99 0.55 0.25 1.12 0.68 1.32 1.03

3 1.29 0.77 1.02 0.86 2.19 0.95 1.95 0.75

4 0.44 0.49 0.23 0.17 1.02 1.27 0.81 0.75

5 0.33 0.29 0.18 0.17 0.40 0.21 0.88 0.84

6 0.62 0.44 1.04 0.52 0.79 0.71 047 0.26

7 0.24 0.15 0.64 0.46 0.43 0.28 0.45 0.31

8 0.13 0.11 0.30 0.31 0.09 0.07 0.24 0.20

9 0.31 0.24 0.20 0.16 0.45 0.45 0.28 0.32

10 1.26 0.68 0.86 0.49 1.49 0.37 1.47 1.37

11 0.77 0.65 0.62 0.53 1.18 0.60 1.18 0.72

12 1.50 1.21 0.54 0.25 1.34 1.00 2.39 1.32

Average 0.82 0.58 0.63 0.47 0.99 0.61 1.08 0.73
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Table 8. Percent of precipitation and reservoir storage amount to normal year of each province in 1994

Month Gyeong Gang Chung Chung - Jeon Jeon Gyeong Gyeon
gi won buk nam buk nam buk nam
6 60.8 63.7 92.4 89.7 64.8 278 72.8 36.9
Precipitation 7 338 35.7 30.7 40.4 35.4 26.8 181 33.2
(%) 8 88.0 70.6 122.0 80.1 87.0 92.9 224 30.3
9 485 32.2 36.4 50.0 214 21.0 276 25.4
; 6 56 40 36 39 29 50 6l 59
R:tif;r"o“ 7 60 49 54 a1 9 15 34 20
(%f‘)ge 8 86 72 69 67 21 52 2 34
9 34 s 68 72 13 38 14 22
* 94 '05 HIr 7HEZRAF B (FE% 1995)
Table 9. Percent of stream runoff amount to normal year of in 1994 (unit : %)
Month Han Nakdong Geum Seomiin Yeongsan
6 45.9 29.3 93.6 119 26.6
7 69.4 165 38.0 3.7 116
3 70.1 8.7 53.1 245 55.7
9 72.2 4.3 18.7 7.0 186
* '94, '95 Ax JFERAL BaA (FEE, 1995)
Table 10. Drought indices of each province in 1994
Month Gyeong Gang Chung Chung Jeon Jeon Gyeong Gyeon
gi wor buk nam buk nam buk nam
P 6 0.77 0.96 1.22 0.30 -1.33 -1.37 1.32 -0.62
D 7 -0.55 -0.34 -0.06 -0.79 -2.20 -2.05 0.03 -1.29
S 8 -0.88 -0.55 -0.27 -0.75 ~-2.40 -2.09 -0.96 -1.75
I 9 -0.99 -1.67 -0.73 -1.20 -2.88 -2.43 -2.43 -2.37
M 6 -1.34 -1.15 -1.91 -2.34 -1.39 -1.79 -1.05 -0.04
S 7 -3.51 -3.10 -3.35 -3.68 -3.55 -3.75 -3.25 -357
‘g 8 -1.61 ~1.10 -1.02 -0.01 -1.83 0.45 1.29 2.49
I 9 ~-3.04 -2.61 -2.68 -3.21 -2.99 -2.91 -3.09 -1.68
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Table 11. Drought indices of each province in 1995

Month Gyeong Gang Chung Chung Jeon . Jeon Gyeong Gyeon
gi won buk nam buk nam buk nam
P 5 -0.22 -1.11 -0.98 -1.47 -3.43 -2.27 -3.19 -3.01
D 6 -0.83 -1.47 -1.44 -1.95 -3.93 -2.43 -3.30 -3.41
S 7 -0.65 -1.39 -1.64 -2.65 -4.06 -2.48 -3.53 -3.29
I 8 1.26 0.68 -0.50 0.23 ~-3.47 -2.61 -2.97 -3.33
M 5 -1.52 -2.08 -2.37 -1.78 ~-1.57 -0.72 -1.80 -1.68
% 6 -2.65 -2.36 -2.43 -2.40 -1.92 -2.30 -2.50 -2.64
g 7 -1.32 -0.99 -1.06 -2.42 -2.17 -2.52 -152 -161
1 8 2.12 3.80 2.62 -0.32 0.25 0.81 1.15 3.18
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Table 12. Drought indices and hydrological amounts of each province (May, 2001)

Gyeong Gang Chung Chung | Gyeong Gyeon Jeon Jeon
gi won buk nam buk nam buk nam
Precipitation (96) 20 28 12 22 19 29 26 35
Reservoir storage (%) 42 42 46 46 47 67 59 59
MSWSI -2.0 -25 -29 -2.8 -2.6 ~-0.9 2.2 -3.3
PDSI -1.8 -0.9 -0.1 0.0 0.3 0.3 0.1 0.1
% 2001 AZ 7HEFAL B (=034 2001), 7HeEE £33 AT (SEFAEEAL 2002)
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Fig. 6. Drought maps in 2001
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