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Regional Drought Frequency Analysis with Estimated Monthly Runoff
Series in the Nakdong River Basin

Z d f|* - A g 7]%*
Kim, Sung Won - Jee, Hong Kee
Abstract

In this study, regional frequency analysis is used fo defermine each subbasin drought

frequency with watershed runoff which is calculated with Tank meodel in Nakdong river

basin. L-Moments method which is alm
applied to estimate parameters of drought
The duration of '76-"77 was the most sev

ost unbiased and nearly normal distribution is
frequency analysis of monthly runoff time series.
ere drought vear than other water years in this

study. To decide drought frequency of each subbasin from the main basin, il is calculated

by interpolating runoff from the frequency-drought runoff relationship. And the linear

regression analysis is accomplished betwee
each subbasin. With the results of linear

n drought frequency of main basin and that of
regression analysis, the droughf runoff of each

subbasin 1s calculated corresponding to drought frequency 10, 20, and 30 years of Nakdong

river basin considering safety standards for the design of impounding facilities.

As the results of this study, the proposed methodology and procedure of this study can

be applied to water budget analysis considering safety standards for the design of

impounding facilities in the large-scale river basin. For this purpcse. above all, it is

recommanded that expansion of reliable
calculated runoff by rainfall-runoff concept

L gHe) wRoE st

s Hol 7189 BalE H

observed runoff data is necessary instead of
ual model.
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Fig. 1. Conceptual diagram of Tank model
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2 BARMAEZ AFstged, 9714 X, &

Table 1, Tank model parameters for each subbasin

Subb-| Area
asin | (km®)
201 | 1,584.0f 30 (020 |15 (013|029 [10]0.033]0.1 10 [0.0006(0.0003| 0.0 |0.0012| 0.0 | 30 | 300
202 | 1,376.3| 30 (023 |15 (0111019 |10(0017(0.073{ 10 |0.0006(0.00011 00 {00012| 00 | 30 { 300
203 515.21 30 |0.25 {15 012|034 | 5[006 |0.06 | 15 |0.006 | 0.007 | 0.0 |0.0026| 0.0 | 30 | 300
204 | 1,8082| 25 |0.25 |17 | 020 [ 033 | 5(0.08 {009 | 18 | 0003|0013 0.0 [0.0010| 0.0 | 40 | 300
205 | 1,107.7| 25 (023 |15 | 018|029 | 5/0.06 008 | 15 |0.009 |0.010| 0.0 |0.0020| 0.0 | 30 | 300
206 921.8| 30 {024 |15 |0.14|033|10(005 (0.08 | 10 |0.005 0008 | 0.0 [0.0009| 0.0 | 30 | 300
207 4348] 30 (025 {15 1012 (0351104008 10.10 { 15 10.005|0.008 )| 0.0 10.0006| 0.0 | 30 | 300
208 | 1,404.8| 30 {028 [15(018 (032 10(0.75 (012 | 10 |0.008|0.007 | 0.0 {0.0013| 0.0 | 30 | 300
209 | 1,0037| 30 (028 | 15| 0.15 | 030 |[10{0.008/0.08 | 10 |0.006 | 0.009| 0.0 |0.0010| 0.0 | 30 | 300
210 9186| 26 1025 |17 | 0201033 5(008 |0.09 | 18 | 0.0030.013| 0.0 {0.0010| 0.0 | 40 | 300
211 2350( 27 1029 | 16 | 0.15 | 030 |10{0.06 [0.08 | 10 [0.004 | 0.005| 0.0 |0.0018] 0.0 | 30 | 300
212 112939} 27 (027 | 1510181029 | 51006 {0.09 } 15 | 0.005)0.007 | 0.0 ;00010 00 | 30 | 300
213 5578 27 1023 | 151019030 5007 [0.08 | 20 |0.006| 0,008 0.0 {00011 0.0 | 30 | 300
214 766.3| 25 (025 |17 (020 | 033 5{008 [0.09 | 18 |0.003 (0013 | 0.0 {0.0010( 0.0 | 40 [ 300
215 78031 27 (024415019030 | 5007 (010 | 15 ;0.007 | 0009 ] 00 ]0.0010| 0.0 | 30 | 300
216 9250 30 (026 |15 (018|026 |10{0.03 [005 | 15 | 0.04 |0.028 | 0.0 |0.0009| 0.0 | 30 | 300
217 4032} 30 1027 1151019 0.30 {10007 1007 | 15 | 0.008 | 0.007 | 0.0 J0.0015| 0.0 | 30 | 300
218 807.0( 25 1025 |17 1020|033 | 5/0.08 [0.09 | 18 | 0.003 |0.013| 0.0 |0.0010| 00 | 40 | 300
219 | 22850 25 (022 | 15| 0.23|0.29 |1010.04 (012 | 15 |0.0036{0.015| 0.0 |0.0005| 0.0 | 30 | 300
220 | 1,181.1) 25 (028 | 15| 0.20 | 0.31 |10(0.085]|0.07 | 15 [0.007 | 0.008 | 0.0 (00011 ] 0.0 | 30 | 300
221 | 1,0235| 25 (025 |17 | 020 | 033 | 5[0.080[0.09 | 18 | 0.003|0.013| 0.0 |0.0010| 0.0 | 40 | 300
222 301.0) 25 1024 | 15) 0231034101007 (012 | 15 | 0.007 { 0.009| 0.0 |0.0010| 0.0 | 30 | 300
223 54| 25 1023 | 15022 | 031 (10007 |0.10 | 15 [0.008 [ 0.009 [ 0.0 [0.0009] 0.0 | 30 | 300
224 | 1,029.2| 25 (023 (15 (022|031 (10{0.07 {010 | 15 |0.008|0.009| 0.0 |0.0009| 00 | 30 | 300
225 899.0| 25 (025 |17 [ 020033 5[008 (009 | 18 |0.003 0013} 0.0 [0.0010| 0.0 | 40 | 300

1H1| 1Al |1H2| 1A2+ 1B (2H| 2A | 2B | 3H | 3A 3B | 4H | 4A 4B | S3 | 34
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Table 2. Statistical analysis index 2. Xl =2 A X]
Index Relation Equation L-Moments® 2 o] &8 XA ELHLE 95]4
Mean Error(ME) Jﬁﬁ(Xx—Yz) = AR 89 ZHF(screening of data), 52
A A99 AZ(identification of homogeneous
Root Mean Square \/L— .
Error(RMSE) Ng(X,-Y,) regions), AGEFEXY XA (choice of a regi-
istributi =1 BT H X 9)
Mean Absulule N ﬁ‘l onal‘ frequency distribution) ® A9 HNEEES
Deviation(MAD) N A T o 7 B ==4F4d (estimation  of r1egional frequency
> Series — distribution) 5 @AE A
Time Series "}\7 )f“( X‘X‘—Yi)xmo 5
Error(TSE) = !

Bx- 3

Volume Error( VER) %100
X,

Correlation 1 ﬁi( X~ X X Y,MY,,.,)
Coefficient (CC) N = ox oy
AEFETY BRUR, oy & AVRERY) BF
BAolT N & AE9 A4S veRiE o

. 2l =2Mo| &
[ HEEA wiel MY

Hann(1977)'%, Matalas et al(1975)", Hosking
& Wallis(1993)® 3 WMO(1989)¥'5& &9
FUEges ZAAJE JERFFYCE FojdE AR
|2a #&28 ALz & Bart 34 A
Fm, WEsge FaAdd € A AEE A
v} glch Bl‘?iOﬂ L-Moments®H2 #E715E
9 E (probabilty  weighted moment, PWM :
Greenwood et al, 19799) : Hosking, 1989")¢] Z
A FEETY BAFSAHAY 4YZFOE FA
=He, S el Hsle wAEE FHGA
HAEE £ 2 FTEFRESA o #HA
Bal oljal o) AALE (outlier) 2 A # ol
AAME FEA e T A8 A AHe] o
Aeg W73 gtk Hosking, 1990™). what
A7 ME L-Moments®-& AM&3ted 7
FAEHN AAUNEREE JAAFgoEN
g Hag3tzA stk (Vogel
& Fermessey, 1993%)

2l
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e

7t XEY Xz HEE

Afodl 92 AF 9 L-Momentsge) G2 A
el gt 2 Ao)g Hol=xF FUstE AR
A 4 HI Di(discordancy measure) & &

o (4) ¢ Zo] Aldsted REY 2{FE e
"o,
=%(Ui_“TJ)TS"1(Ui_T]) .................. (4)
A71M, U=[#, # #1724 A3 g9
L-Moments¥1¢l &, #, #(L-CV, L-Skewness,

L-Kurtosis) 9] HEE FAH, T 2frddl
NA AR U 9ee deRdg =AM oF
A (5) & ol BAET

1
U=Wz= U sovesresens i s (5)
O8Y 5S¢ XEREY FRAUEEN 5 4
(6) 3 7ol EAIHET,

e L S TNU-T
S=51 S TXO-T)T

A ()= AksE Dig] 3ol AdaiA 2 A8

e &F9ENE B [ AR AR B
A AZIE drisie, ol2d AP ARs
2RARE HAT a7t ik

L. SEY X[g9e] 72

o &fdd agd AP ARAL] FE
&a FE4E 7HAEZE H7HE) Sdte B
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A ()7 7l

ol&4A Hx H(heterogeneity me-

4714 Ve ARY ZEARY L-CV(ASA
F)8) AZBFUANL, 4,8 o, E VY N
Kol ARAN Belwdd B FEAA el
P VE e A (8)2 A

~

i

mebs  EEAEATS BWF L-Momentsgl
L, &, f, 483 7S Kappa®IE HFPA 72
Kappa®Xo] 3ol N7jle AH ztzbo sl
d4E g 7 s HE EEY Assd
Y3 ReAEFE 223 35 wojdge
HAET, 2o BN AdAEEFE 4 (8)el
%) NFEFHEA VE AND £ o9 FHaxst
EFTHUAE A4ste 4 (T)e] dod ojdA 3
= HE 73A 2Bt Hosking & Wallis (1993) <l
el3ta H<1°]“‘4 %—ﬂ’“ A2 FarbEEn, 1
]“V’é 7heidel deH, Hy2

Adqez FRAch uelbA,

e 2 A 4

902
2% amEEEy HT
FE 2AYL AL A9 UE GRE
2¥e MFsE FE2A Z94 HE Z(goo-

dness-of-fit measure)E A Sl HYAD HTE
dAete BHE 2EAS ke ¥ A9 Jd gl
= o2 AQEd M AP FEEEHL A
at7) S5 AXE ALEst7) YEelnh 34 A
°—“]‘—H94 zt AW AFALS] L-Moments®] H

Aqe 54& F€3] Rtz HFAHuA
5}-\: HELLFY HREY ol HIUEH o
AFE7E AANTLEN AARZH G A8

2o B AFdAE J4 gEE2de

2t 3709 e ES oS MR BEEEQ
Generalized Logistic(GLO), Generalized Extreme
Vahe(GEV), Generalized Normal(GNO), Pearson
Type-TN(PE3), Generalized Pareto(GPA) ¥ 59
T Wakeby (WKBS)EZESE 78 diioz
1, TEASAE #HF L-Moments¥]gl 1,
B, b, 0] BFO] AFE FEEEHFL IAYA
At gEox A" FESE T [ -KurtosisS
Adgct L-Kurtesis?) Hele tha 4 (9)< 2
o] ARt

o714 8, L-Kurtosis®] He), N, &= Zoy
A8 NAY Ade £ 3"e MHA AR
B L-Kurtosis ©|2 #¥ B L-Kurtosis ©) o},
3 49 BEEUAE O 4 (1007 7o) A4t
2=

— N, B11%°

4 (9)~(10) & A4l BTN T 73 54
s thg3 7o) ekl £ gl

ZDIST _ (57— 1+ )

o e (11)

714 e AYH FERTYEY L-Kur-
tosis ©1ZZ, DIST+ 54 #EEF(GEV, GLOE)
< veldich

o|g}zlo] BA FEEE(DIST)A et 2
(1= A P4 E7} g 7Hg4s 2
TPe APAL 52 Aoy, APANAY FHA
NEL |ZP<1.64 o)t} A (1) ZP7= A
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Table 3. Calibration of Tank model by statistical
analysis

8 o=t
NV. 7ls w&dzd staton | ME |RMSE | MaD [7sE [ VER |
Soto| Lt (m¥s) | (m¥s) | (m¥s) | (%) | (%)
1. 2798 =2
Agdong -4182 | 16351 | 10418 |-23.468| -13.969|0.927
SEAFHAN FEF AGUERLL A3 —
d Fig, 20149} o] B57} ARAL FEFH ‘g;rj 1310 | 12950 | 8.089 |-61.084| 8390 |0.913
FEEE FAGE A 22 wRaRe
2 AfgozA 2285kmiulwoeE FTAHS ¢ amgs
i g2 2y g NG| g 050 | 93717 | 16331 |-32354] -5.438 0,945
o & SGEagdelz 567 T/M A5 Dam
A 4 T/M 9 2 PR aEs 671 T/M [Note] ME : Mean Error,
. . - B} RMSE : Root Mean Sauare Error,
"‘éj o %5\__1:_0 [=] )‘\__-_]w o] \
e i 5°l Tr_gqq']oﬂ A]hﬂcﬂ I%E} %ﬁ_E MAD : Mean Absolute Deviation,
E‘:Qoﬂ quﬂ' %CE]%%E&% ’&26“6}7] ‘Cv"] 3]’04 }\]-..g-?‘s_]_- TSE . Time Series Error,
sEalgel o 7Fes 9 2948 gE 19664 VER ¢ Volume Error,
1928 1995 12971R) 9] 30d7He) AHTE ALE cC * Correlation Coefficient
#evh _
300 ANDONG DAM(1966-1995)
_ -+ Tank model —Observad
2. R RBEYY M 2 ek meck —Omened ]
”E 200
%9 AAGEFE W] A5 Pazd
gdgon, AA8YY WA N5 B 2
A ARE 2 wmm 9 71&e FEREN 3 it B SR AN
L gE=rke oo WAAe] fFYEFAEE o] L3y 0 50 100 150 200 250 300 350
Month numbar
Hards "ﬁﬁ'}ﬁ’do‘:‘q AGEEE Table 37 Fig. 3(2). Comparison of observed and calculated
7ol BARENES st Table 39 EAEAL A discharge for Andong dam(201)
L > Lo (_ — 3
o 23l HFLAHME) g (-)4.182~1.310m"/sec, 200 T AM(1956~ 1995
HoAg oty HMFZ(RMSE) S 9.754~23.717 [ Tank model —Obzarved |

@
=)

m*/sec, BEANHAI(MAD)Z-2 6.125~16.331
m'/secd] BEE e vk E5 AAGLA}
(TSE) 32 (-)61.084~(-)23.468%, A& 22HVER)
#He (-)13.969~8.390% =2 AFWAIL(CC)H

Dhscharge{m?/s}
I
=3

m
[=]

I
i

M . b . P
PR I T - -

T R

i R

ol i M A A N

°] 0913~09459) EEE Jehf3 glom=s vy o 0 w0 e om0 %
HeR 43¢ ZAAXNE ez At wrekA Fig. 3(b). Comparison of observed and calculated
Hogae A ostw Ar)ke] A=RAe] sl= discharge for Imha dam (202)
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200
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= 150
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E
g 100
@
£
o
@ 50
a
0 B RN B s D N -
0 50 100 150 200 250 300 380

Month number
Fiz. 3(c). Comparison of observed and calculated

discharge for Hapcheon dam (216)

500

NAMGANG DAM(1966-1995)

400 [_Tank model —Observed |

Cischargeim®/s)

- (Al 3 WY
Q 50 100 150 200 250 300 350
Month number

Fig. 3(d). Comparison of observed and calculated

discharge for Namgang dam(219)
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A&712b 127149 ) EF7t fE2FAEE 942
o Z—Pi %k-‘”- A Y2 AREIL o el
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4. 72 FEEAIGY Xz 45
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99e) £SR3 EGHAL HY FEER
Iy AEGQixide ALgE AHAE
AGqEd i dFe] sy A4S
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Fortran T2I13-g o)&4gew, & 9479 SF
FHQele 2 AFGEE F24E4 A4 2
E 2f9e] HOR E4Fe FEAAHLE +
L7158 Aoz BAHUT £ 7 HFQER
sl AZoA 7HA Hgg
B¥®oF General Logistic(GLO)EEXH L 7H&
FEFAGY HAHAETYPe R MG vy
Table 45 G579 A AL71708 &3
# L-Moments¥] 3 4 &2x82 Jehigl
t} Table 490 @latd A<g7])7F 97093 30799
General Logistic(GLO)®X %Y zPT= HFPA
AR Ha71EQ (Z7P7<1.649) B9l BT
A gon), X Exge] I vus £ Fa
HEAE B A HEE g2 E2AHU
t} TI8]3 General Logistic(GLO)®E X 2]s)
A g A&7|7E 12708 AEE HERE
1}245}‘3‘&0@ 2 Table 58 Fro] ueRY
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Table 4, Optimal probability distribution [unction for Nakdong river basin

Duration Heterogeneity measures Goodness-of-fit measure(Z value)
Discordancy Selection
(month) L-CV | L-Skew [L-Kurto| GLO | GEV | GNO | PE3 | GPA | WKB5
4 - 8.33 3.80 2.18 113 -306 | -2.08 |-213| -1076 | -3.13
6 - 5.64 1.82 -016 | -056 | -3.69 | -347 | -3.83 | -10.00 | -4.87
9 - 1.10 -1.97 -284 | -379 | -629 | -6.17 |-651 | -11.36 | -6.23
12 - -1.02 -3.99 -5.74 -0.46 -2.65 -243 | -263 ) -698 -2.50
15 - -2.63 -3.66 -421 | -056 | -252 | -233 | -251 | -643 | -2.88 | GLO
18 - -2.74 -2.99 -348 | -080 | -275 | -238 |-242| -621 | -3.05
21 - -2.46 -3.86 -5.19 -0.60 -2.39 -191 | -192 | -559 -2.34
24 - -2.84 -4.30 -582 | -074 ) -226 | -184 | -197] -509 | -2.13
27 - -2 87 -4.32 -610 | -042 | -171 | ~151 |-158| -421 | -1.94
30 - -3.72 -5.08 -643 | -338 | -458 | -435 |-438| -685 | -4.71
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Table 5. Runoff depth due to each return period
(duration : 12 months, GLO)

Table 6. Mean order value of 12 months runoff cal-
culated from each subbasin

(Umt : mm) Rank Year Mean order value
Subb Return period (year) 1 76-77 2.64
ubbasin T, 5 ] 10 ] 20 | 30 | 50 2 93-94 272
201 | 446 | 344 | 296 | 258 | 238 | 216 3 66-67 432
902 | 322 | 248 | 202 | 159 | 134 | 103 4 67-68 472
203 | 379 | 300 | 253 | 209 | 184 | 153 5 81-82 6.32
904 | 457 | 364 | 319 | 283 | 264 | 243 6 94-95 692
205 | 318 | 237 | 197 | 162 | 143 | 121 7 87-88 7.68
206 | 420 | 346 | 298 | 255 | 231 | 201 8 70-71 792
207 467 | 377 | 329 | 287 | 264 | 237 9 75-76 9.12
208 324 | 244 | 197 | 154 | 130 | 100 10 72-73 10.40
208 405 | 319 | 274 | 236 | 216 | 192 1 91-92 10.44
210 309 | 224 | 181 | 146 | 127 | 105 1z 82-83 14.24
211 448 | 372 | 331 | 293 | 273 | 248 13 80-81 14.56
212 | 370 | 272 | 218 | 171 | 146 | 115 14 7475 14.60
213 | 306 | 211 | 162 | 121 | 99 | 73 b 85-86 15.08
214 | 328 | 233 | 183 | 140 | 117 | 90 16 -8 1536
215 | 398 | 275 | 209 | 153 | 122 | 86 17 73-74 17.52
216 | 434 | 206 | 226 | 168 | 137 | 101 18 83-81 18.96
217 | 478 | 335 | 261 | 197 | 163 | 123 19 7879 19.56
218 | 416 | 308 | 253 | 208 | 184 | 156 20 -7z 20.80
219 | 613 | 411 | 308 | 222 | 177 | 124 2l 79-80 20.84
220 | 587 | 434 | 349 | 272 | 230 | 179 2 89-90 2160
23 88-89 22.72
221 | 404 | 296 | 244 | 201 | 179 | 154
24 86-87 22.84
222 | 431 | 321 | 264 | 216 | 181 | 161
25 92-93 29,96
293 | 459 | 354 | 304 | 265 | 245 | 222
26 9091 24.16
924 | 432 | 320 | 262 | 213 | 188 | 157
205 | 617 | 480 | 406 | 342 | 308 | 267 27 68-69 24.36
28 84-85 2580
Total | 424 | 317 | 260 | 212 | 186 | 155
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Table 7. Runoff & drought frequency of Nakdong river subbasin (Unit : year, mm)

nk 1 2 3 1 5 6 7 8 9 10

Subbasi~._ Year 1976 1993 1966 1967 1981 1694 1987 1970 1975 1972
o0 Freq 0.91 191 312 298 210 1.66 053 | 1088 0.7 1.95
Run. 515 437 392 398 428 451 569 297 534 135

202 Freq. 141 2.21 1.76 1.61 148 162 0.95 127 0.38 117
Run, 309 202 251 273 295 271 448 355 182 370

sy L_Frea 3.01 517 459 6.66 5.05 100 1.20 137 056 125
Eun, 345 207 307 277 299 319 445 129 550 440

201 Freq. 293 0.71 9.87 £.88 847 034 039 056 0.69 147
’ Run. 386 544 322 346 332 630 613 571 548 471
205 Freq, 3.28 884 2.66 190 378 1.36 118 117 073 130
Run. 271 203 288 241 260 350 365 366 420 355
= 6.5 7.68 211 350 506 100 097 041 0.99 1.60
Run. 328 315 425 378 331 505 509 627 507 453

w7 Freq. 3.68 475 196 | 1151 1.36 126 122 0.93 1.60 2,59
Run. 407 395 164 321 393 509 512 542 484 138

Freq 213 3.8 1.18 103 159 117 1.30 140 117 1.08

208 Run. 209 139 368 230 277 371 338 312 370 400
200 Freq 7.86 786 311 398 4.20 2.15 0.93 131 156 1.30
gl Run. 292 292 361 341 337 363 476 440 493 141
Treq. 245 1.90 1.04 2.08 1.44 0.76 1.15 1.10 122 116

210 Run 168 213 373 196 275 500 340 353 371 336
Frea. 2.25 7.94 422 757 171 103 163 0.56 0.31 1.09

Gk Run 135 346 388 349 157 501 447 560 622 195
”2 Freq, 7.14 6.52 375 210 256 3.16 207 2.48 310 124
Run. 240 248 302 71 348 321 373 350 323 143

Frea. 521 | 23.01 181 1.99 134 218 314 2.36 1.70 116

213 Run. 208 109 329 316 373 304 259 270 338 399
o4 Frea. 591 15.44 2.22 178 177 1.33 322 264 2,11 0.96
Run 219 150 321 351 352 394 278 301 312 449

o1 Freq. 7.26 9.93 240 112 1.66 376 3.6 173 2.56 0.84
Run. 230 199 384 547 455 31z 316 417 373 626

) Frea. 7.27 9.39 533 303 1.86 578 303 1.98 1.90 0.87
16 Run, 252 225 288 371 461 279 371 145 457 644
o7 Freq. 779 6.28 619 427 1.84 516 2.46 2.04 193 093
Run. 280 306 303 353 504 332 451 187 498 673

o1 Frea. 6,08 674 3.44 127 1.00 305 3.90 2.26 163 056
Run, 295 256 350 472 507 363 337 397 433 502

o0 Freq. 6.84 6.35 3.63 3.25 212 204 £.39 137 1.90 115
- Run. 353 366 480 506 622 | 634 365 770 657 835
220 Freq 5.69 4.08 8.31 5.65 178 2 48 203 287 218 117
- Run. 114 467 361 415 631 559 525 530 586 734
. Freq 5,90 3.40 261 146 1.5 2.08 392 2.25 174 0.98
L Run, 258 339 333 435 456 392 325 383 413 489
22 Freq. 793 436 162 1.80 1.63 2.69 5.01 291 996 1.29
5 Run. 283 155 383 411 424 412 588 365 455 451
293 Freaq. 1033 331 0.93 119 0.96 135 0.78 132 1,36 1.05
Run. 309 398 521 499 524 486 543 433 435 514

» Freq. 8.30 432 3.20 138 1.32 301 320 118 1.87 076
§ Run. 277 339 372 483 443 379 372 507 439 58]
N Freq 262 2.08 5.94 162 1.48 180 1.69 156 1.56 1.07
& Run 527 608 446 495 663 631 641 651 654 720
Freq, 5,06 5.01 3.38 299 210 178 1.92 152 1.38 1.01

Totel Run 319 320 361 375 118 440 430 162 476 524

[ Note ] Freq. : Frequency, Run, @ Runoff
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Tahle 8. Drought frequency equation for Nakdong
river subbasin

Subbasin Formula Rr?

201 Sub = 0.773 - Total + 0.542 0.75
202 Sub = 0.183 - Total + 0938 0.58
203 Sub = 1,150 - Total 0.81
204 Sub = 1143 - Total 0.68
205 Sub = 1.297 - Total - 0.473 081
206 Sub = 1.474 - Total - 0.787 0.81
207 Sub = 1.154 - Total 0.82
208 Sub = 0.377 - Total + 0.635 0.81
209 Sub = 1.661 - Total - 0916 0.97
210 Sub = 0.280 - Total + 0.698 0.81
211 Sub = 1.290 - Total - 0.513 0.69
212 Sub = 1.188 - Total + 0.305 0.90
213 Sub = 3.033 - Total - 3.492 0.87
214 Sub = 2196 - Total -~ 1.974 0.81
215 Sub = 1608 - Total - 0.712 0.54
216 Sub = 1.653 - Total - 0.274 0.85
217 Sub = 1425 - Total + 0.162 0.88
218 Sub = 1.197 - Total - 0.136 0.89
219 Sub = 1.321 - Total - 0.141 0.72
220 Sub = 1.012 - Total + 1.067 0.85
221 Sub = 0.760 - Total + 0.671 0.82
222 Sub = 1.014 - Tetal + 0.807 0.84
223 Sub = 1429 - Total - 1.473 0.81
224 Sub = 1.205 - Total - 0.246 0.84

225 Sub = 0927 - Total 0.87
Mean 0.81
[ Note ] Sub : Subbasin drought frequency,
Total : Nakdong total basin drought
frequency
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Fig. 5(a). Result of linear regression analysis for
Andong dam (201)
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Table 9. Runoff depth considering the safety stand-
90 mna m
80 ards for the design of impounding facilities
g 70 (Unit : mm)
= 8o LSub=0-1BB*T°m'+0-938] Drought frequenc| 10 20 30
= 80 R*=0.58 .
E 204 Subbasin years | years | years
3 30 201 316 273 250
¢ 20 ce  ae ¥ 202 161 99 | 72
10 N 203 238 | 196 | 178
0.0 . .
o 0 79 a0 10 5 o 204 313 | 272 | 251
Drought freq.{yr, Totah) ?OJ 184 14? 132
Fig. 5(b). Result of linear reeression analysis for ;8? 5;;1 ;?; Zéé
Imha dam (202) 208 104 | 358 | 40
0.0 209 249 211 192
' . 210 121 70 50
90
50 211 319 | 281 | 260
= 70 . 212 198 196 135
< 60 . 213 102 73 | 61
£ so Sub=1 653 = Total-0.274 2l4 135 10l 86
§ 40 / o *’ 215 183 | 117 | 9
8 304 - . -
5, A 216 176 | 129 | 108
] A 217 217 | 164 | 138
00 i ' ‘ ' . 218 242 | 196 | 173
0.0 10 2.0 3.0 4.0 5.0 6.0 219 258 184 151
Drought freq (yr Total) 220 324 257 223
Fig. 5(c). Result of linear regression analysis for 221 261 215 | 181
Hapcheon dam (216) 222 257 211 | 187
223 295 249 227
00 204 248 | 200 | 176
225 414 347 312
9 0 [Namaang dom |
8.0 Total 259 209 185
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