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Abstract

In this study, a new analysis method by using a “Discharge Gini Coefficient” is presented to determine the degree of inequality in daily
discharge throughout the year. The Discharge Gini Coefficient can be calculated using the area relationship with the cumulative
percentage of the daily mode discharge in the ascending order according to the cumulative percentage of the date of occurrence of the
daily discharge throughout the year. The Discharge Gini Coefficient is presented as a value between 0 and 1, and the degree of inequality
can be divided into 5 levels. The Discharge Gini Coefficient can be used to estimate the discharge stability of the downstream point
relative to the upstream point. In addition, it is possible to quantify the influence of each reference discharge on the total inequality. The
applicability of the Discharge Gini Coefficient was reviewed using long-term daily discharge data at eight points upstream and
downstream of the four major rivers in Korea. The Discharge Gini Coefficient can also be used to analyze the discharge control effect
in the downstream by the upstream dam.
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o A2 St OSLlE A{H
7 ALAE olget mEAEet

e

'FEATY FEFFAAATER AJATAY

2 7
2 P0lME GE YR E0S T E Iist| 2fsh “RE ALAI 2l M2R JHEe| 2AYHS AASIC 2 2L AI+E 28ttt
GIE YR LUURIO| A MBS0 U2|8IRAU0| 252t FAHUE S| HARAE 0|85t0] AHESICH R Z|LAI4= 0~1 At02] g2
2 B3D0, 2752 Yo e STAR P2 4 QUCH R ALIAISE O|8otH 43 Z|HMof Cist 5137 2| o] R Y =S Arge 4 QT &
S, REEA V|ERYER 0S50l 0|2|= G0 Y=E XM o2 motst 4 QICtH 4THZ 22 4513 871 2|l 7|7t RS A=RE 0|8
510] R 2L A5l HE24S AESIACE FERILIASE 43 ©ol| 25t otRolMe| AR EUE BMSH= Hollc &8 4 QUS 2ot
SAZ0|: StAS, REEM JIERY, ZLAIS, R ZILIAIS
1.ME 2ol oA W7} O-& Q5 dF A9 kYA o
2 yHsl7] SloiA =717t A% da=e] B Bieks
SPof| A o], 2|4, s 7152 YEstA 8517 mpetet g a7t Qlet o A oA ol Aol HakE ot
A= oPdREFS A5 S H o= Tesfof gttt 5, O Sh= " olli= o 2] 71271 Qlo A5 A|&d 4 1ol off
bt o] Faprfolut Ao 2o 7t 2 7 -olli= sk Fot= AA RS A5 3650 sfid ok LA
FO & U 3Ee & A o= = s AR ERE) 7T 2 ©]
*Corresponding Author. Tel: +82-44-960-0395 L&) 77 QItt S A =AM 0] fo|5 a1, A o) 7|

E-mail: tspark@krihs.re.kr (T. S. Park)

© 2021 Korea Water Resources Association. All rights reserved.



1224 T. S. Park / Journal of Korea Water Resources Association 54(12) 1223-1232

o A% 24P BRSPS Aot 72 H A EE
o1-§5)7 9Ie}. T} olelgh Bel = BT, 5P

e rhaTt e BAEE 9

E1T 1L

of et S, sPIAS9) 2710 that
Q7] o] ol A ] SHAL: ghol sy
o @ el 21212 wetet7] ol ek AR, AF Aol el
%&ﬂZOEMﬁHﬂ%t%%Eaﬂ%%%g¢%%

AT BT IR A

e ol PG ol WA kel 1 25
Q= Y (Gini) Al o]-&5F] :r"/"‘ 9]

Egos 2@ 49l

= 1] 25 Eate Bes e AL A YA gLl

S St s AT 71l ofsf st glrt. XM
Alg-E THUE 10] 25 295 Wkol2hs 2o 54
elel e 2ol whet ohrif B CODHiET 2] =5
T2 FFRAE o B A YA, A 5E B 018
o 25T Ee EARAE HEH EA A YA SO

2™, of 2] Fopo|A o] &1L it
AL Fopol| e 2] 7 EARS O] Eals H = A,
7Ha A9 W87 Sl A9 a2, 2| oftlR
-85 A% 5ol ©]-8-F| 11 1T} Cullis and Barbara van Kop-
pen (2007)2 AU AIGE o]-8-51] FolE]7} Olifants 7
A Y 2ol-82= 7He] EARE ol T A H 11§ Helo &
5 =5 EA5IArE Sun eral. (2010y2 874 AYASFE
o]-85}o] = Tianjin 2| o4& L4 515 Y761 8FS
A5 Wang et al. (2011)2 AU AIE o]-8-5to] ot
& o R T obrolA Y g4 ol 82 HIlE
1Eokel o, g4 of-gof| thgh 2| U Al G== Al Ttol o}
WSS F5EATE Masaki e al. (2014)2 A YAS
¢} 2 Z(Lorenz) HIA A5 o]-&5to] 47l 7| W3} A]
U] @ sofl A A 2] Aol A shd-frade] Al A wRkEAd
2 B Xie eral. (2018)2 AU ATE o]-85t] T=-
Ulell A 5=l A2t 219 9] 5144l Ningxia Hui A2 2]
8 o) 7] 2|2 e 2 ReE Ao A7, GDP, AT
Hoke] TAIE 112kt A UA ST A o] 52 vl
= ok o] w86kl B ]l o2kl 46
t}. Dai et al. (2018) AU A|4=E -85t 5= Dianchi &
T 7192 ez 7HRE0A Zol 82 1He] EHl&

;g

PP E5a W] PAE =453t Babuna et al.
(2020)2 AYAE=2F Moran A4~ ©]-&519] 5= Yangtze
7 AT ZAATFG U 357 A THe] Bol8 Ets BEE

A5kt
2 AFelA = 71E sHeAITe ZARES 7i4dsH ] ¢
off AU A2 Nd 2 shd-fdel 485t A5 die
S5 Js RAg AU BOE Trlz ol Sk
Zlo] ofy 11, 5P U] A1 A5 4GS Ets s T
ol=t] AU AG=2t FARE HE S H-8ok= Aol B2 «f
ﬂﬂWﬂNﬂﬂﬁmﬂ14%4%%7Mﬂ¢%ﬂ%é
H s AlT2] ZAIH Ié S R o] RS 4= Qi AA,

.

@5 L4 AR E BT olgop| ThEel Jrigt Aol et
AT SIS sk BAE S 4 Slck £, 4

[e]
2 W) 2 olgstel sG] S5 HES BHT
% Itk A, SRR ) EG PR B E O HEE AV
T4 971 W] ol 7] frep o)A BaEo] 1 A
A Tl 4 9l WA, 9% Aol BE A= gt
3} 2RI b 4 917] o] 27 ofshs et ok
o A2 ol = % 4 ek,

2.1 22 M 7|52k o|0] 0t

o= AR 7IE R = vl v fHollA o]
£5}= Weibull Z2]o]| T2 231850 Wl E-gof o]t
Hoh= £ 215U oS ARERt ol = 7id S
Al olslie o~ AL, = (water year) o] 57143 &= vhed ek -~
217 HHELO E](Leeetal 1993). FFEA 712922 A% 7
ZGH355Y, @ss9), A5 ‘3"(275 , @75),
%%‘%%*(185 2, Qigs), TTTHO5 L, s), 1810
Q)2 E TEH T ST Y ASLTE YR Hof o=
B080 2 JASH= AL 9] 01} B Ao A= A&
355921 AR the| Bl = e =AY B E“’ﬂ

EXIESS

gt % gﬂﬂg&ﬂhﬂﬂﬁﬂAmém“ﬂﬂ”
S TRH Q022 FOtet

E, §HEY 7| 2GEE0) A4 U47} 208k E ©f
St A4 o] ofgt o] 2 Aol 7} gleks HellA
Shafa el o] Fa 4] ofsl 24 2o ohehs 212

o 4= I} 2, Table 1914 WA= vl o} o] A4-9% H4-6
% BfEe }ﬂ e Sl ek A

FAS el 2AT el n
SR SAN o S Aol B

O\_.O a2 —10

E*Oﬂ



T. S. Park / Journal of Korea Water Resources Association 54(12) 1223-1232

1225

Table 1. Statistical meaning of reference discharges in flow regime analysis

Item Drought (@)sss) Low (Q275) Normal (@1ss) Plentiful (Qos) Flood (&Q10)
Duration 355 day 275 day 185 day 95 day 10 day
Applied Ratio (Meaning) | 97.5% (Lower Outlier) | 75.0% (3 Quartile) | 50.0% (2 Quartile) | 25.0% (1 Quartile) | 2.5% (Upper Outlier)
Converted Days 355.875 day 273.750 day 182.500 day 91.250 day 9.125 day
Excess Probability 97.0% 75.1% 50.5% 26.0% 2.7%
Table 2. Calculation procedure of the coefficient of river regime
Item Procedure
Step 1 o Align the daily discharges for each year by descending order (exclude February 29)
Step 2 o Calculate the arithmetic mean of the daily discharges by same ranking
Step 3 o Select the maximum and minimum discharge
Step 4 o Calculate the Coefficient of River Regime = maximum discharge / minimum discharge
BX FEHA2] 383 0) oAl 212 97.5% H 2.5% FHe 100 c
Hgshgrhs 22 & 4 e, "
Gini Coefficient = G = Area A / (Area A + Area B) | I/
- 80 /
2.2 5444
=3 5 o ;
SHIAl= Eq. (DY 2o] & Zohradell thieh & 4w £ F
o] u]2 A o]Hr}. 5
@
_]—}\]_7:" e / | g 50 Equality Line
° T = = o
< Gh / Ces M 2 40 .*" Lorenz Curve
L
SRR SRR R EEREL R SR I :
TN, Qs A7 A Y] & H ARl A "
.
Bglol i
10
Wﬂl =4 °1 &0l ﬂ, 24 1°H7} =, AR 2]
o, L
_E_ 7:“/\71— BE{Eo] /Ug].jl 7_—"2[:‘71}1\-_04 ;_(_l 6]/&0% Jt} ﬁ]_ ] H?l- Cumulative percentage of population (%)
AR w7 Zo] glom, BF-59] ¢lo] Bl ek 17ke Fig. 1. Conceptual diagram of the lorenz curve and Gini coefficient
uotstr] ebsiet. sHgAl 2 AP g2 Table 29 2t

Za= ;'—ﬁo]% 905 w]=2] FASHA] Lorenz7t 4
SOl 815 @Eééﬂﬁm lol Fig. 12h Zo] 5o =

Z2 A5 QO] FAME-8(%), A=
F2 2B T AT FAMEE(%) 2 sfo] TR 1}
EP 40| Th(Lorenz, 1905). BE Age] 450] ZTHH Q1
T RA RO A5 A o] ATt Ao B 2= 24
S Fig. 19] ACAT} 22 450 iz A (eHAFSAl)o] Fc, ut
), AE0] BFSalthH o= £E0] A2 AlEE ] 3=

Aol H oHZ% Jemo] 71877} Shtst Fl& A4E

S,

AtSo] Ao HsiA o 2 S5t HAo]
o] BE A5S Th7HAAL 9l - polke ABCA
o] gt} wtehA Zall= 4lo] ACAHel 717191E
oﬂ17}%—oh ABCAI 77H ]85 St s
At ARG & 4 Qlek 232 342 olu kel &5

Bl
[N

4 B b
Hu: r{o o
oﬂ, E‘_@ F[O

JHU my
)
>

o
2o} gehE L e St glot 1 Y =E AR

© & vehd 4 ik,

250 FHVIHE A o2 e sl = A YA
FG)E olgaflok gtk AU AIS 1912 ol @]ol FA 5t
ZFQ1 Gini7} Eq. (2)2F 2] Fig. 19] tjzpAdv} 24l 541 Afe]
o) AH-g iz ofef A2 o] A AH =2 e ol
(Gini, 1912).



1226 T. S. Park / Journal of Korea Water Resources Association 54(12) 1223-1232

Table 3. Calculation procedure of the Gini coefficient

Item

Procedure

Step 1 | ° Align the individual incomes in target group by ascending order from the lowest to the highest

Step2 | ° Accumulate the individual incomes by ascending order

e Draw a Lorentz curve
Step 3 - x axis : cumulative percentage of population (%)
-y axis : cumulative percentage of incomes (%)

Step 4 ° Draw an equality line (45°)

- connecting the origin and the intersection of the cumulative percentage of population and the cumulative percentage of income

e Calculate area A & area B
Step 5 - A : area between equality line and the Lorenz curve
- A+B : total area of triangle under equality line

o Calculate Gini Coefficient (G)

Step 6 - G = Area A/(Area A+ Area B)

Table 4. Evaluation criteria of Gini coefficient

Gini Coefficient 0.0~0.2 0.2~0.3 0.3~0.4 0.4~0.5 0.5~1.0
Equality degree Absolutely equal Very equal Relatively equal Relatively unequal Highly unequal
G="H4/(HH 4+ A% B) ) 0 c

AS7H| 7 2HAS] 5ot oA =/l = A A
o]9] H# o] po] E|o] Z|YA = 00] H 1L, A5-Fu7F b
5] Bt 5ot tizb At 23l 34 Ale] <] ‘11140] A
ofgf] 47tE ABCO] WA} ZofA| B &2 YA 4= 10] H
o} o] A 7\]‘474]—’?%001]/\1 1 Afolef gro g ﬂoﬂﬂ\:}

AYA= A5 08512 7] wizoll 2Hde] golskal,

A 371 ]Oéﬁokﬂ 2] b=t W, ASE 2T e
Aot Ut AgghS Uehd 4= 1, Q1919 54]
H2LE sl A] ko w, vl ol ek ko] A A ¢ gt
= AR YA G] A2 Table 337} 2t}

AYAGgEe] Aol gt et mer|E2 glovt
2199 & -5 il AIUAITE ©]-83 Xie et al. (2018)°]
L EA) AUASE ol §olo] EA0] 8.9 AL LA
Zheng et al. (2013) 58] Ao A= Table 49+ 22 T7 |5

= A-gotlon, & AFoN T FAt By | =S A5t
o] AF AT Bt FE Tt

24 R ALUAF

Aol Aok i AUARHD.G)RH o1 W <]
ZI%MAH AF D =ubs s e Sl Al
oltt. 7 AUAle== Eq. 3) R Fig. 29 o] 7f252 05
At o] WA A FAMEE (%), M 2SS AT T+
Fo] @B FAMEE(%) = St e DRl A

w
o

Discharge Gini Coefficient(D.G.) = Area A/ (Area A + Area B)

80

70

60

50

Cumulative percentage of ascending daily discharges (%)

Equality Line
"
: . cumulative Curve of
30 .~ Ascending Daily Discharges
20
10
DA 1 B

0 10 20 30 40 50 60 70 80 920 100
Cumulative percentage of daily discharge occurrence day (%)

Fig. 2. Conceptual diagram of the discharge Gini coefficient

A1 TRz Arol o] i 2g TizbAd o2l o] A ARl A
29 ABCO HH 08 U= glolH.



T. S. Park / Journal of Korea Water Resources Association 54(12) 1223-1232

Table 5. Coefficient of river regime at dam points

1227

Item Soyanggang Andong Yong dam Seomjingang
Period of data *88~"17(30yrs) *88~"17(30yrs) *01~"17(17yrs) *88~"17(30yrs)

Max. daily discharge (m*/sec) 2,336.2 1,068.0 704.4 636.7

Min. daily discharge (m*/sec) 0.453 0.314 0.346 0.023

Coeff. of River Regime* 5,157 3,401 2,036 27,682
Zero discharge include years 15 14 11 22
Zero discharge days 117 148 157 573

Coeff. of River Regime** 507.0 269.6 155.8 193.5

Note : * is the value obtained by dividing the average of daily maximum discharge for each year including zero discharge by the average of daily
minimum discharge for each year, ** is the value obtained by dividing the average of the maximum discharge among the daily mode
discharges for each year by the average daily minimum discharge among the daily mode discharges for each year.
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Table 6. Calculation procedure of discharge Gini coefficient

Item

Procedure

° Calculate the daily mode discharges
- Align the daily discharges by same date
- Select the max. and mini. discharges for each date

Step 1 o .
P - Divide into appropriate grades for each date
- Calculate the frequency of discharges in each grade
- Select the maximum value of the most frequent grade
Step 2 ° Align the daily mode discharges for each year by ascending

order

Step 3

o Calculate the arithmetic mean of the daily mode discharges
by same ranking

Step 4

o Calculate the cumulative percentages of daily discharges
- Cumulative discharges / Total cumulative discharge

Step 5

> Draw the cumulative curve of ascending daily discharges
- x axis : cumulative percentage of occurrence days (%)
-y axis : cumulative percentage of daily discharges (%)

Step 6

e Calculate the area A & Area B
- A : area between the equality line and the cumulative
curve of ascending daily discharges
- A+B : total area of the triangle under the equality line

Step 7

° Calculate the Discharge Gini Coefficient (D.G.)
- D.G. = Area A/(Area A+ Area B)
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Table 7. Overview and statistical characteristics of analysis points
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Name of Points Address of Points Period of | Years (?f Number Dail}; Mean S}. D. Coefficient of

Data Analysis | of Data (m’/sec) |(m’/sec) | Skewness | Kurtosis
Soyanggang Dam | Chuncheonsi Cheonjeonri | 1988~2017 30yrs 10,950 69.7 228.1 11.3 193.5
Up Andong Dam Andongsi Seonggokdong | 1988~2017 30yrs 10,950 31.0 96.9 12.4 261.2
sream | Yongdam Dam Jinangun Samrakri 2001~2017 17yrs 6,205 22.9 71.2 10.4 166.9
Seomjingang Dam Imsilgun Youngsuri 1988~2017 30yrs 10,950 17.5 59.4 10.2 154.8
Hangangdaegyo Seoulsi Noryangjindong | 1996~2019 15yrs 5,475 497.5 910.6 7.7 91.0
Down Gyenaeri Hamangun Gyenaeri 2002~2019 18yrs 6,570 409.7 817.0 6.5 59.9
stream |  Geumganggyo | Gongjusi Geumseongdong | 1997~2019 13yrs 4,745 134.2 222.0 6.0 59.3
Songjeongri Guryegun Songjeongri 1997~2019 21yrs 7,665 79.9 246.5 8.6 100.0

Note : Years of analysis are the period excluding the year including zero discharges and missing data

Table 8. Inequality degree of each point

Upstream Points Soyanggang Dam Andong Dam Yongdam Dam Seomjingang Dam
Discharge Gini Coeff. 0.661 0.627 0.616 0.627
Coeff. of River Regime 507.0 269.6 155.8 193.5
Downstream Points Hangangdaegyo Gyenaeri Geumganggyo Songjeongri
Discharge Gini Coeff. 0.395 0.454 0.319 0.589
Coeff. of River Regime 23.1 25.9 17.9 73.9
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Table 9. Overview of discharge Gini coefficient by reference discharges at each point (Unit : m*/sec)
Data Soyanggang Dam Andong Dam Yongdam Dam Seomjingang Dam
o Number| % Di];iflzrrlge Inigﬁzty % Dil:(l:flzrrlge lnigﬁzty % Dilgi?a?ge [n:;l;?lleity % Dil;/(I:;Zrnge In:;l;?l:ty %
Mini.~Drought 10| 2.7 2.9 0.001| 0.1 2.6 0.001| 0.1 2.4 0.001| 0.1 1.7 0.001| 0.1
Drought~Low 80| 21.9 8.4 0.057| 8.6 53 0.055| 8.7 3.7 0.053] 8.5 32 0.055| 8.7
Low~Normal 90| 24.7 213 0.160| 24.2 11.1 0.155| 24.7 6.9 0.149| 24.2 6.7 0.155| 24.7
Normal~Plentiful 90| 24.7 51.0 0.236| 35.8 27.0 0.228| 36.3 14.4 0.219| 35.6 15.8 0.229| 36.5
Plentiful~Flood 85| 233 222.9 0.202] 30.6 104.9 0.184] 29.3 56.2 0.190] 30.8 65.1 0.183] 29.2
Flood~Max. 10| 2.7 706.4 0.005| 0.8 310.3 0.005| 0.8 178.2 0.005| 0.8 175.9 0.004| 0.7
Sum or Mean 365]100.0 91.0 0.661{100.0 43.5 0.627/100.0 241 0.616(100.0 26.3 0.627(100.0
Data Hangangdaegyo Gyenaeri Geumganggyo Songjeongri
Mini.~Drought 10| 2.7 136.8 0.001| 0.1 90.0 0.001| 0.1 50.2 0.000f 0.2 14.6 0.001| 0.1
Drought~Low 80| 21.9 183.0 0.038| 9.5 123.2 0.041] 9.1 60.3 0.032] 10.1 20.9 0.048| 8.2
Low~Normal 90| 24.7 246.1 0.101| 25.5 158.9 0.115| 254 81.4 0.085| 26.6 27.8 0.138| 23.5
Normal~Plentiful 90| 24.7 360.4 0.140] 35.5 272.8 0.166| 36.5 108.3 0.111]34.9 45.7 0.215] 36.5
Plentiful~Flood 85| 233 808.6 0.113| 28.6 7333 0.128| 28.2 203.0 0.088| 27.6 224.2 0.183| 31.0
Flood~Max. 10| 2.7, 2,113.2 0.003| 0.7| 1,697.6 0.003| 0.6 468.7 0.002| 0.7 611.7 0.004| 0.7
Sum or Mean 365/ 100.0 439.6 0.395(100.0 353.2 0.454(100.0 121.5 0.319(100.0 92.1 0.589(100.0

Table 10. Inequality value of discharge Gini coefficient by reference discharges between upstream and downstream points

Soyanggang Dam & Andong Dam & Yongdam Dam & Seomjingang Dam &
Item Hangangdaegyo Gyenaeri Geumganggyo Songjeongri
Gap of inequality % Gap of inequality % Gap of inequality % Gap of inequality %

Mini.~Drought 0.00022 0.1 0.00016 0.1 0.00025 0.1 0.00007 0.2
Drought~Low 0.019 7.1 0.013 7.8 0.020 6.8 0.007 16.8
Low~Normal 0.059 22.1 0.040 23.1 0.064 21.6 0.017 42.6
Normal~Plentiful 0.096 36.2 0.062 35.8 0.108 36.3 0.015 37.9
Plentiful~Flood 0.089 33.7 0.055 32.1 0.102 342 0.001 1.9
Flood~Max. 0.002 0.8 0.002 1.2 0.003 1.0 0.000 0.6
Sum 0.266 100.0 0.172 100.0 0.297 100.0 0.039 100.0
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Fig. 7. Comparison of discharge Gini coefficient by reference discharges
at Han River
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