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Estimation and Assessment of Bivariate Joint Drought Index based on
Copula Functions
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Abstract

The objective of this study is to evaluate the utilization of bivariate joint drought index in South Korea.
In order to develop the bivariate joint drought index, in this study, Clayton copula was used to estimate the
joint distribution function and the calibration method was employed for parameter estimation. Precipitation
and soil moisture data were selected as input data of bivariate joint drought index for period of 1977~2012.
The time series analysis, ROC (Receiver Operating Characteristic) analysis, spatial analysis were used to
evaluate the bivariate joint drought index with SPI (Standardized Precipitation Index) and SSI (Standardized
Soil moisture Index). As a result, SPI performed better for drought onset and SSI for drought demise. On
the other hand the bivariate joint drought index captured both drought onset and demise very well. The
ROC score of bivariate joint drought index was higher than that of SPI and SSI, and it also reflected the
local drought situations. The bivariate joint drought index overcomes the limitations of existing drought
indices and is useful for drought analysis.
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Hydro-meteorological variables
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Estimation of marginal cumulative
distribution function

F,(x) : Cumulative distribution function of X I }

F;(y) : Cumulative distribution function of Y ’

b 4

Standardization

[ Drought index of X H Drought index of Y l

Estimation of bivariate joint drought index
using copula functions

Using cumulative distribution function of X, Y

Selection of copula function

Parameter estimation of copula function

Estimation of joint cumulative
distribution function

| Bivariate joint drought index l

=I Computation of joint cumulative probability
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Fig. 1. Flow Chart of this Study
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Table 1. Classification of Drought Severity for the
Range of Index Values

Values (Z) Drought Category

200< Z Extremely wet

1.99 ~1.50 Very wet

1.49 ~1.00 Moderately wet

0.99 ~-0.99 Near normal
-1.00 ~-1.49 Moderate Drought
-1.50 ~-1.99 Severe Drought

-2.00 > 7 Extremely Drought

Z: Bivariate Joint Drought Index Value
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|1 3K (Bae et al, 2013).

3. glEus ME U 23
JHEEAS 913 JHERGe] AL 93 aFet oF
A7} el v ek =u1e] A9 Kim and Lee (2011)+=
ROC #2415 o]g3l SPI, PDSI, PN (Percent of Normal
precipitation), Deciles 594 SPI, PN, Deciles®] -84
o] 71 v 313t Bae et al. (2011)2 SPI, SRI, SS,
DDI % PDSI ZollA =] &84 =2 A4} SPL SSI
9 SRIZ}L A|ATEE vl 910, Bae and Son (2012)2 A<
7|17ke] g2 = 7HEe] 544743 371 SPL, SR, SSI€]
g-gAo] ErkaL AQkgh vt Al =)ol A= Keyantash
and Dracup (2002) 7HEaAlel Qlo] A 9 ESF
Fako] &85 Aorsld o™, Hao and AghaKouchak
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el oP\ s 1977 2012\ B3ke] 7174 597H)\-/] ASOS
(Automatic Synoptic Observation System) At&, B4~
T AARe AT L o m Y 2P e AdE o]
|oh3ith & AFellA o] &g AFFEsiM RS VIC
(Variable Infiltration Capacity) 23 ¢|™(Liang et al.,
1994) o] 1:]]7]94. ng :La—r EOEQ] /\Liﬂﬁ. E_g] 4=
TJerq S 7IRke 2 B3} A9 f-5(water & energy

Rogl= XY ByoaM AA EFA|(water
balance) 3= (channel routing), °llY1A]5=X](energy
balance) 505 TAE o] glon 7t RES Egxow
Tt LA A8 7hsd Axfe] MelE 1/8°~2°
AEE Tgs T 5] 7hsste], 7172 (Global
Climate Model, GCM; Regional Climate Model, RCM) =}
o] AR AAle golsttt. RES Sl 1HE B
TS on T LA o R tF e ZT7HIES] The
Aol glo] 1 &-8Ado] AFHE vl ArH(Sheffield and
Wood, 2008; Son et al., 2011).
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3 A RS o, 2008~2000d 7R el A= SPI
7} 7R 13 T bl sl E o, o A
Al B SSI= 7hero] AEE= Ao s et o
A el 7heAtElE Ads Adshs
2 eRlE e, 53, 7hael A2 SPL sid>
SSIe] 7155 aefshs Aoz yepst vk Z7)3t 4]

Table 22 Hele @ A% x| Fo] A 7}E7]71
Al A(SPL 2 SSDe] Aol AA th2 7|7kl A €]
2GS T713 Aolth 19929 F Aol AHgE THE
2)422] e AT SPI 7HE AlFl 69l -1.23,
-1.04, SSI+= -0.74, -0.71, o= A7HEAFe -1.27,
-1.08, 79 SPI -1.48, -1.13, SSI -1.28, -1.28, o™k

S8 1MU~1905 7HEAR I A oMY AR HEAS  AREAS 153, 133 MR siEel 9gele mE
7k SPL % SSIsh o] @A) ok, G71 bl thsk sl -10 o<l gho] Lkt 7HE A1z SPL R oW A
Aol dAI7E e Aom ERIEUTh THEA, A 3708 Al B A S Ade o
Table 2. Drought Indices for Each Drought Year in Jeolla-Do and Gyeongsang-Do
Drought Period Jeolla-Do Gyeongsang-Do
Year Month SPI SSI Bivariate SPI SSI Bivariate
6 -1.23 -0.74 -1.27 -1.04 -0.71 -1.08
1992 7 -1.48 -1.28 -1.53 -1.13 -1.28 -1.33
8 -1.41 -1.41 -1.56 -0.99 -1.34 -1.35
9 -0.28 -0.84 -0.85 -0.13 -0.74 -0.74
7 -1.88 -1.41 -1.89 -0.95 -0.84 -1.03
8 -1.65 -1.65 -1.78 -1.75 -1.28 -1.75
9 -1.41 -1.34 -1.45 -1.88 -1.41 -1.88
1994 10 -0.2 -1.04 -1.04 -0.71 -1.23 -1.23
11 -0.38 -0.95 -0.96 -0.31 -1.04 -1.04
12 0.71 -0.47 -0.54 0.84 -0.23 -0.29
1 -0.31 -0.31 -0.67 -0.36 -0.44 -0.71
2 -0.18 -0.25 -0.55 -0.64 -0.61 -0.89
1995 3 -0.38 -0.25 -0.65 -0.23 -0.44 -0.61
4 -0.31 -0.38 -0.52 -0.28 -0.44 -0.56
5 -0.33 -0.52 -0.59 -0.15 -0.44 -0.49
2 -1.23 -0.64 -1.3 -1.13 -0.58 -1.19
3 -1.56 -1.04 -1.62 -1.18 -0.88 -1.26
2000 4 -2.33 -1.41 -2.33 -1.88 -1.34 -1.89
5 -1.88 -1.65 -1.89 -1.34 -1.28 -1.41
6 -0.52 -1.48 -1.48 -0.84 -0.92 -1.03
4 -0.74 -0.58 -0.82 -1.41 -0.67 -1.41
2001 5 -1.88 -1.13 -1.88 -2.33 -1.18 -2.33
6 -0.1 -1.18 -1.18 0.02 -1.13 -1.13
9 -1.28 -0.99 -1.29 -0.88 -0.64 -0.9
2008 10 -1.28 -1.23 -1.32 -0.77 -0.77 -0.84
11 -1.28 -1.41 -1.44 -1.41 -1.23 -1.43
12 -1.04 -1.48 -1.6 -1.04 -1.08 -1.32
1 -1.13 -1.48 -1.61 -1.34 -1.23 -1.52
2009 2 -0.28 -1.56 -1.57 -0.41 -1.41 -1.42
3 -0.2 -1.41 -1.42 -0.47 -1.56 -1.56
4 -0.5 -1.28 -1.28 -0.71 -1.48 -1.48
FATE H259% 20144 21 177



golEglon E35] SPI ¥ SSIZF =% 7H(-1.0 ©]&}) AT A9e TACR 7ol AETL 749, 89
o A olvE AP AT e T AFHT H v FTAE Y A7EE S4o® g § 9 BT s
Al 8% AR FRIEUT] o] A= 671 AT Ao Yepkon SSI= 79 Agte 2 AAE X9
THEAVG A &= Al U= Ao SRl i) o] 7THag AlFte R UM SHE E AUE dF A
49 x|t SAl 77}?] 4wt} 9ol s Aoz vElyit o
A7HEAE SPI9F 2] 6490l 7Heo] AlZbE| AL 74,
B Lol A= Barnes 2} #E-4] 7] (Barnes, 1964)& eol= Ao 4re 9 AYdE AR5 AQsta ZE
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