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Abstract

This study evaluated drought severity by bivariate frequency analysis using drought magnitude and precipitation deficit. A drought
event was defined by Standardized Precipitation Index (SPI) and the precipitation deficit was estimated using reference precipitation
corresponding to the SPI -1. In previous studies, drought magnitude and duration were used for bivariate frequency analysis. However,
since these two variables have a largely linear relationship, extensibility of drought information is not great compared to the univariate
frequency analysis for each variable. In the case of drought in 2015, return periods of ‘drought magnitude-precipitation deficit’ in the
Seoul, Yangpyeong, and Chungju indicated severe drought over 300 years. However, the result of ‘drought magnitude-duration’ showed
a significant difference by evaluating the return period of about 10, 50, and 50 years. Although a drought including the rainy season was
seriously lacking in precipitation, drought magnitude did not adequately represent the severity of the absolute lack of precipitation.
This showed that there is a limit to expressing the actual severity of drought. The results of frequency analysis for ‘drought magnitude-
precipitation deficit’ include the absolute deficit of precipitation information, so which could consider being a useful indicator to cope
with drought.
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Table 1. Drought severity classification

Drought index Ranges Description
-1.49 ~ -1.00 Moderate drought
SPI -1.99 ~ -1.50 Severe drought
-2.00 or less Extreme drought

Table 2. Reference precipitation of SPI drought
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Fig. 3. lllustration of SPI's drought and precipitation deficit (Seoul)
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Weather station Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov Dec
Seoul 53.9 34.6 49.7 87.7 130.7 194.8 | 390.7 | 549.0 | 5454 | 2428 118.6 67.8
Yangpyeong 522 322 49.3 87.7 127.0 | 201.1 3985 | 5652 | 5539 | 2474 115.7 67.9
Wonju 58.6 37.7 57.9 100.9 140.6 | 198.5 | 384.1 549.1 535.8 | 269.2 123.0 74.8
Icheon 54.5 36.4 55.1 92.6 131.3 | 201.7 | 388.6 | 5184 | 523 2534 119.1 68.2

Inje 47.1 29.0 41.8 81.5 123.1 169.5 | 316.7 | 470.1 4834 | 2304 108.8 61.8
Jecheon 56.8 40.5 63.8 111.6 147.9 | 208.7 | 3599 | 4984 | 496.1 266.1 126.3 71.7
Chuncheon 52.6 325 473 84.6 132.7 1929 | 366.1 5353 | 540.0 | 258.6 123.0 68.3
Chungju 52.0 349 56.5 94.2 122.7 179 327.8 | 469.8 | 456.5 | 2458 117.9 64.4
Hongcheon 47.4 28.7 46.1 89.6 132.2 1919 | 3769 | 551.1 553.4 | 252.6 116.5 64.4
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Table 4. Drought start date for a maximum value of duration,
magnitude, and precipitation deficit

Weather station Drought Drogght Precipitz}tion
duration magnitude deficit
Seoul Mar-2014 Mar-2014 Jul-2015
Yangpyeong Mar-2014 Mar-2014 Jul-2015
Wonju Apr-2014 Apr-2014 Apr-2014
Icheon Jan-1984 Jan-1984 Jul-2015
Inje Q‘;;’é%ll‘; Apr-2014 Apr-2014
Jecheon May-2015 May-2015 Jul-1973
Chuncheon Mar-2014 Mar-2014 Jun-2015
Chungju Jan-1995 Jan-1995 Jul-2015
Hongcheon Mar-2014 Mar-2014 Jun-2015
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Fig. 6. Comparison of Return Period by applying drought magnitude, drought duration and precipitation deficit (Note: Left side, bivariate
frequency analysis between drought magnitude and duration start date (precipitation deficit); Right side, bivariate frequency analysis
between drought magnitude and precipitation deficit start date (drought duration)



882 M. Kwon et al. / Journal of Korea Water Resources Association 51(10) 875-886

500
600 Sty
ol s Josa-tan 2015714
100
5
L x — 500 F~ 100 T 00 2014-6(4)
g 2014-6(479) T "~ I5)
ﬁ 4+ co 27\&201)51:550 £
H 1 : L s ™~
£ T A\ %4 £ 400 ” T L2
= 7 - 2 \\6’" N
) e S SN ‘gﬁ | g T 23'?5%}
it S p S
a ’ | |1 = 300 N % 1
El V1 2 N \
E | ‘ 3 \\ \
Ear co am | oo \
s 017.3(4) T
o o\ \
- = g 5 y . o \ B |
1+ oo e - _f\\ 5 b1 |
! o - 2 611934.1:5)
N b & % @00 \ \ | z
N ‘ ‘ 0 _3 @0 ~ " .| | L, .
0 1 2 3 4 5 8 7 8 9 0 1 2 3 4 5 6 7 8 9
Drought Magnitude (-) Drought Magnitude (-)
(d1) Drought magnitude and duration (d2) Drought magnitude and precipitation deficit
(d) Icheon
" 300 | 400 100 — 1
I %
, £ . 2014340 | sk . o)
2015.5(245)
~ —s50 \
. ~ . (1)5538-8(191) ] _300p y ggrg_n‘_ﬂ\ ]
£ B %*’\8'2“’0* £ —30— \
g hN Sosf \ \\ N 2ugse ]
Ei— A . o N\
% . 10\ D %\\\ 1 % 2 \\ % kL 2
E - S200f o s\ B 2 1
a 2. B \ = N %\9883(5)
®3F [s¥+'s) \ \ E = \ \
£ fngeen || E o \ ]
: V) £ o O\
[=] | o \ \
2r oaw D o ‘ \l “ 1 o\
| SUR
1t am © O . g | 2 \ 8
z e | 18
= . 8 | | 8
, n il Ll
o 1 2 3 4 5 6 7 8 9 10 8 9 10
Drought Magnitude () Drought Magnitude ()
(e1) Drought magnitude and duration (e2) Drought magnitude and precipitation deficit
(e) Inje
2015.5(450
6 = 300 e 5
e E— — B0 [ 1973.704)
=  %0— 100 ——— =
R e T 1) g
T 1988:2(74), s00 b B
= \ 13 - \\ 2015.5(6)
£ 0 \197 78T, I T °
E4r __—\g% 10982-6:316D -] S an0f ™ ]
5 ) \ o 2 3 0 \\@
= < | [=]
E———— g | H \ 5 1;79\2(6:4}\)
E o0 = (]
5¢ | | | Tt N NG 2 1
g | | i'.n.' - 2014f:5}
Sap & ool ’ \ 1
o o \ I"‘
5 ~ o \\. ".‘
1r ®E0 =] 100 E il | e 1
o] | P oo’ 0 s
a3 ) o0
0 N L L . " N L1 ) 0 _ﬁ — . &T. L . - L
0 1 2 3 4 5 6 7 8 9 o 1 2z 3 4 5 &5 7T 8 8§ 10
Drought Magnitude (-) Drought Magnitude (-)
(f1) Drought magnitude and duration (f2) Drought magnitude and precipitation deficit

(f) Jecheon
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Table 5. Comparison of return period for drought event when
precipitation deficit is maximum value

Return period (year)
on | sandae | Moo | DS
Duration deficit

Seoul Jul-2015 About 20 Over 300
Yangpyeong Jul-2015 About 50 Over 300
Wonju Apr-2014 Over 300 Over 300
Icheon Jul-2015 About 200 Over 300
Inje Apr-2014 Over 300 Over 300
Jecheon Jul-1973 About 30 Over 300
Chuncheon Jun-2015 About 300 Over 300
Chungju Jul-2015 About 50 Over 300
Hongcheon Jun-2015 About 200 Over 300

Table 6. Comparison of return period for drought event when
drought magnitude is maximum value

Return period (year)
Weather station Droudght start Magnitude & Magr.lit.ude.: &
ate . Precipitation
Duration deficit
Seoul Mar-2014 Over 300 Over 300
Yangpyeong Mar-2014 Over 300 Over 300
Wonju Apr-2014 Over 300 Over 300
Icheon Jan-1984 Over 300 About 100
Inje Apr-2014 Over 300 Over 300
Jecheon May-2015 Over 300 Over 300
Chuncheon Mar-2014 Over 300 Over 300
Chungju Jan-1995 Over 300 About 300
Hongcheon Mar-2014 Over 300 Over 300
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Table 7. Over 30-year return period of drought event

885

Weather Year
station 1973 | 1977 | 1982 | 1983 | 1984 | 1986 | 1988 | 1995 | 2000 | 2001 | 2010 | 2014 | 2015 | 2016 | 2017
Seoul P D/P D/P D/P P
Yangpyeong D/P D/P | D/P
Wonju P D/P P DP | P
Icheon D/p D/P | D/P P D/P
Inje P D/p D/p D/P
Jecheon D/p P D D/P | D/P
Chuncheon P D/P | D/P
Chungju P D D/P P D/P
Hongcheon D/P | D/P D/p
Note) D: Drought duration and magnitude
P: Precipitation deficit and magnitude
Table 8. Over 100-year return period of drought event At} ol=7haol ti-§5h7] SIgt A=A A B2 TREHE-A]
Weather Year %7170 o] o] Rk oA o] REAIE Hof=al Qlrk
station 1973 {1984 | 1988 | 1995|2000 | 2001 | 2014 [ 2015
Seoul P P D/P | P
Yangpyeong D/P D/P| P 4, ?é" %
Wonju D P | D/P
Icheon D/P P | DP 7haa S shed oA TR AR B RIS
Inje DrP DP|DP  FQs|e, 4] RE b gk 87l £5t Fasith 5
Jecheon | P DP_ 3] 7kge] Aot 24717k AF o] the 3] whe]
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