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Development of Drought Monitoring System:
I . Applicability of Drought Indices for Quantitative Drought Monitoring
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Abstract

This study is to develop the drought monitoring system of Korea using drought indices such as
PDSI, SPI and MSWSIL. To analyze the applicability of three different drought indices, monthly based
drought indices have been calculated using various kinds of meteorological and hydrologic data. Also
past drought events have been investigated to compare the simulation results, which are the severity,
duration and locations using monthly drought indices. The drought map which is made by using PDSI
shows the best accordance with past drought events in its severity and duration as well. Also SPI(3)
shows good accordance with past drought events. As a results of this study, we concluded that three
different drought indices can be used as an effective tool for quantitative drought monitoring.
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Fig. 1. Concepts of MSWSI Calculation
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Table 1. Available data for multi-purpose dam storage

Dam Code Aval(lizz)data Dam Code Aval(l;:;i )data
Chungju 1003110 1986 ~ 2006 Hapchun 2015110 1989 ~ 2006
Soyanggang 1012110 1974 ~ 2006 Daechung 3008110 1981 ~ 2006
Andong 2001110 1977 ~ 2006 Sumjingang 4001110 1975 ~ 2006
Imha 2002110 1992 ~ 2006
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Fig. 3. Automated Surface Observing Systems

Table 2. Water level gaging stations

Station Code Aval(lsa;::l;)data
YeoJu 1007630 1962 ~ 2006
Cheong- 1015645 1962 ~ 2006
pyung
Jeonryu 1019675 1962 ~ 2006
Yangryong 1101628 1962 ~ 2006
Dalji 2007640 1962 ~ 2006
Kumi 2011640 1962 ~ 2006
Jungam 2019655 1962 ~ 2006
Jindu 3012650 1979 ~ 2006
Kuman 3101655 1962 ~ 2006
Aprok 4006680 1962 ~ 2006
Naju 5004620 1962 ~ 2006

Table 3. Ground water gaging stations

Station Code Aval(lélgﬁ)data Station Code Avalzl;lg;?)data
JC/GA 1003MO01 1997 ~ 2006 HC/HC 2016M01 1997 ~ 2006
WJ/MM 1006M02 1997 ~ 2006 J1/CJ 2019M03 1996 ~ 2006
GP/GP 1019M01 1997 ~ 2006 KS/NS 2021M03 1997 ~ 2006
CA/SG 1101M01 1997 ~ 2006 CW/GD 3011M04 1996 ~ 2006
DH/GW 1302M01 1997 ~ 2006 YS/YS 3101M02 1997 ~ 2006
BH/MH 2001M02 1997 ~ 2006 GS/IM 4004M01 1997 ~ 2006
YC/YC 2004MO1 1996 ~ 2006 KJ/YD 5001M02 1996 ~ 2006
SJ/KS 2006MO1 1997 ~ 2006
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Fig. 4. Algorithms for estimating drought index
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Table 4. Year of below the annual average precipitation and agricuftural drought impact (KOWACO, 2002)

. Year of below the annual Year of Agricultural

Year Historical Drought Year average precipitation Drought Impact
1900 1906, 1907, 1909 1906, 1907, 1909
1910 1912, 1913, 1917 1912, 1913, 1917
1920 1924, 1929 1924, 1927, 1929
1930 | 1939(Jun) 1932, 1935, 1938, 1939 1932, 1935, 1938, 1939
1940 1942, 1943, 1944, 1949 1942, 1943, 1944, 1949
1950 1951 1951, 1952
1960 | 1967(Sep), 1968(Jun) 1967, 1968 1962, 1963, 1965, 1967, 1968
1970 | 1973(May), 1978 May) 1977 1973, 1975, 1976, 1977, 1978
1980 | 1982(Jul) 1982, 1988 1981, 1982, 1988
After | 1994(Sep), 1995(Aug)
1990 | 2001(May) 1994, 1995, 2001 1992, 1994, 1995, 2001
( ) Last month of drought persist
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Table 5. Accuracy of drought indices (1971~2001)

Year PDSI SPI(1) SPI(3)

SPI6) SPI(9) SPI(12) MSWSI

1971

1972

1973 o,A o,A

1974

1975

1976 A

1977 AL]

A

1978 O,A [N O,A

1979

1980

1981

1982 0,4,

0,41 0,801 o,a0]

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994 0,0 O,a]

OY A’D O] A'D O7 AID OY A,D

1995 o,A ]

| ]

O, ]

’ ™y

1996

1997

1998

1999

2000

2001 o,a] 0,4]

O, A7D

O ' Historical Drought Year, A @ Year of Arricultural Drought Impact,

[]: Year of below the average annual precipitation
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Table 6. Drought impact area (MOCT,1995; 2002)

. Drought Impact Area (City)
Province 1994~10% 5001
Kvun Yongin, Hwasung, Icheon, Ansung, Pocheon
}EEi & Yeoju, Hwasung, Paju Yangju, Yeoju, Yangpyung, Gapyung,
Namyangju
Sokcho, Chooncheon, Hongcheon, Hoingsung,
Kang Donghe, Sokcho, Chooncheon Youngwol
Won Hongcheon, Cheolwon, Kosung Jungsun, Cheolwon, Hwacheon, Yangku,
Kosung, Wonju
Choonju, Jecheon, Danyang Choonju, Jecheon, Danyang, Eumsung, Jicheon
Choong Chungjoo, Boeun, Ch Goi
Book Chungjoo, Chungwon, Goisan, Youngdong, Boeun ungjoo, Boeun, Laungwor, Lxo1san
’ ’ ’ ’ Youngdong, Okcheon
Choong | Boryung, Kongju, Seocheon
Nam Nonsan, Buyeo , Cheongyang
eonju, Iksan, Jinan, Mooju, Jangsu Kunsan, Tksan, Jinan
Jeon Namwon, Kochang, Jeongeup
.. o ’ Kimje, Wanju, Imsi
Book Kimje, Imsil, Soonchang Jeongeup, Kimje, Wanju, Imsil, Soonchang
. . Y h ju, K ji
Sinan, Mooan, Henam, Naju, Wando, Koksung eosy, Sopnc eon, Naju, Kwangyang, Kangjin
Jeon Wando, Sinan, Koksung, Koore, Koheung
Damyang, Yanggwang, Jangheung, Kwangyang,
Nam . Bosung, Hwasoon, Jangheung, Hanpyung,
Koore, Koheung, Bosung, Youngam, Jindo
Henam
Pohang, Andong, Youngduk, Kyungju, Eusung Kyungju, Andong, Moonkyung, Youngchun,
Kyung Sungju, Kyungsan, Chilgok, Uljin, Moonkyung Koonwe
Book Kimchun, Youngchun, Sangju, Chungsong, Eusung, Chungsong, Youngju, Youngyang,
Youngyang Chilgok, Yecheon, Bonghwa, Uljin, Youngduk
T E h Y . ;
ongyoung, Euryung, Changnyung, Yangsan, Masan, Keoje, Tongyoung, Yangsan, Euryung
Kyung Namhe Kosung, Namhe, Haman
Nam Keochang, Masan, Ulsan, Changwon, Sacheon & ’
Hadong Hadong
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Table 7. Classification of drought severity

PDSI, MSWSI SPI
Range Condition |Legend] Condition |Legend
S 4 Ext\l}'\(;gtlely
4~3 Very wet Ext\r;zngely
39 Moderately €
Wet
Very wet
2~1 | Slightly Wet Moderately
Wet
1_; Near Normal Near Normal
Moderately
}2 Mild Drought Dry
Severely Dry | EEEss
-2~ Moderate .
-3 Drought ;
-3~ Severe
4 Drought B | Extremely Dry | il
Extreme
-4 >
4 Drought —
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Table 82 1994, 1995, 20013} 7}E-0.2 ]ls) &4k SPI12) HA] 745l e w3ART £48 AL &
AR TFEsix e 7 drd JEAeE AHE 5 Ak Table 99 7HEd s G2 1994, 1995, 2001
Fo|tt. PDSISH MSWSIE= -30]3}, SPIE -150ldke  7FEAlsrehe] dA&S B PDSIe A 845%9] ¢
AR7EEOl WS Ao Hygor JEMeiX g A4S Heolal SPIQ), SPU6)E 100%e14 67.5%2] o
TFEAGEC] ARl AR o2 RHdtE AL AANE Rolw MSWSIE H 349%°] 44L& 1o
Fgo2 AT SPUDL 2001d€ A8t 7} PDSL SPI@), SPIE)7F 7Heol wizgtstA whgshe A
Foll disl vkl oFd Aoz uehgon SPIOS o R

Table 8. Drought index of drought impact area for each drought year

Drought 1994(Sep) 1995(Aug)
Impact Area | PDSI|SPI(1) | SPI3) | SPIG) | SPI) | SPI(12) [MSWS1] PDSI |SPK1) | SPI3) | SPL6) | SPI(9) | SPI{(12)| MSWSI
Dalsung -534|-121 1 ~1.95 ! -199 | ~-1.96 | -1.89 -1.70 | -4.48 | 062 | -05 | -0.56 | -0.65 | -0.87 4,17

Ganghwa 426 -069 | -158 | -12 | -133 | -137 | -1.77 1 -0.92 | 107 | 054 | 0.2 0.08 0.5 1.81
Hwasung -487| -058 | -1.22 | -1.23 | -141 | -156 | -016 | 637 | 222 | 191 | 181 | 1.68 | 1.59 4.16
Paju -4511-068 | -12 | -1.09 | -126 | -131 | -2.07 | 378 | 1.86 | 143 | 121 | 1.08 | 121 4.16
Donghe -451]-101 | 157 | -15 | -148 | -145 | -235 | -2.22 | 121 | 096 05 | 013 | 044 4.15
Samchuk -478| -102 | -1.86 | -1.68 | -163 | -152 | -235 | -1.96 | 069 | 00 | -0.09 | -0.38 | -0.06 4.15
Chungjoo -373|-104 | -172 | -136 | -136 | -1.28 | -217 | 401 | 217 | 143 | 127 | 1.08 | 096 3.79
Youngdong |-4.74| -1.36 | -2 -181 | -1.77 | -17 -217 1-3141 187 | 011 | -0.19 | -0.36 | —-0.52 2.33

Jeonju -4.79| -1.33 | -1.74 | -167 -157 | -254 | -4.09] 079 | -065 | -0.83 | -0.85 | -1.07 1.99
Jinan -484| -1.11 | -1.79 | -1.69 - -162 | 254 | 40 | 095 | -059 | -0.78 | -0.82 | -0.95 | -2.20
Sinan -467|-119 | -128 | -168 | -185 | -1.59 | -1.12 | -397 | -0.06 | -0.97 | -1.23 | -1.15 | -1.11 1.27
Wando -469] -122 | -1.01 | -148 | -1.59 | -135 | -1.54 | -3.62 | 067 | -0.81 | -0.95 | -0.85 | -0.90 1.27
Andong -456|-132 1 -213 | -1.71 | -1.69 | -1.59 | -2.97 | -2.77 | 1.32 [ -0.03 | -0.16 | -0.35 | -0.55 0.65

Bonghwa | -43 | -116 | -1.96 | -143 | -143 | -1.290 | -185 | 119 | 095 | 0.06 | 0.02 | -0.22 | -0.13 2.5
Keochang 479 -118 | -16 | -161 | -162 | -155 | -3.13 | 403 | 044 | 077 | 08 | 082 ] -085 1.85
Changwon | -4.87| -1.17 | -164 | -1.71 | -116 | -1.7 -313 | -443]-041] -0.75 | -0.78 | -0.86 | -1.09 4.17

2001 (May)

Drought Impact Area PDSI | SPIL) SPI®) SPI(6) SPI® | SPIGZ) | MSWSI
Pocheon ~3.39 -2.03 -2.36 -148 -0.87 -0.19 ~3.34
Yangju -3.12 -1.94 -24 -1.49 -0.88 -0.14 -3.34
Sokcho -2.61 -1.76 -2.33 -2.22 -0.59 -0.06 -3.66
Hwacheon -3.3 -2.18 -2.36 -1.52 -0.92 -0.34 -1.95
Eumsung -2.64 -1.75 -2.28 -1.34 -0.46 -0.54 ~3.76
Jincheon -2.45 ~1.78 -2.33 -1.38 -0.46 -0.67 -3.76
Jeongeup -1.53 -1.53 ~2.16 -1.1 T -0.24 1.36 -3.48
Kimje -1.68 -1.59 -2.25 -1.05 -0.13 16 -3.48
Yeosu -153 -1.38 -1.93 -1.54 -0.99 -0.26 -2.43
Jindo -1.59 -1.16 -1.83 -1.12 -0.24 0.6 -2.43
Henam -1.7 -1.22 -1.88 -1.16 -0.29 0.62 -2.43
Youngam -1.63 -1.33 -1.94 -1.21 -0.35 0.72 -2.17
Kyungju -1.3 -0.35 -1.92 -1.23 -0.32 -0.39 -3.18
Youngju -1.81 -1.1 -2.06 -1.07 0.07 0.21 -3.57
Uljin -2.25 -1.04 -2.2 -1.29 0.09 -0.12 - -3.18
Youngduk -191 -0.52 -1.99 -1.13 0.01 -0.16 -3.18
Masan -1.09 -1. -1.01 -1.39 -0.57 0.08 -3.16
Tongyoung -1.34 -1.13 -1.8 -1.42 -0.61 0.11 -3.16

Table 9. Percentage of accordance between drought impact area and drought index
1994(Sep)| NCDI |NCDA| PA(%) [1995(Aug)| NCDI {INCDA! PA(%) 12001(May)| NCDI {NCDA| PA(%)
PDSI 77 88 87.5 PDSI 53 82 64.63 PDSI 11 83 13.25
SPI(1) 0 88 0.00 SPI(1) 0 32 0.00 SPI(1) 34 83 40.96
SPI(3) 57 88 64.77 SPI(3) 0 82 0.00 SPI(3) 83 83 100
SPI(6) 59 88 67.05 SPI(6) 0 82 0.00 SPI(6) 7 83 8.43
SPI(9) 59 38 67.05 SPI(9) 1 82 1.22 SPI(9) 0 83 0.00
SPI(12) 53 88 60.23 SPI(12) 1 82 1.22 SPI(12) 0 33 0.00
MSWSI 21 88 23.86 MSWSI 0 82 0.00 MSWSI 29 83 34.94

NCDI @ Number of city which drought index appears severe or extreme drought
NCDA : Number of city which belongs to drought impact area
PA ! Percentage of accordance between NCDI and NCDA
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Fig. 15. Monthly MSWSI map (1994)
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