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Bivariate Frequency Analysis of Dam Storage Capacity before and after the

Rainy Season and Evaluation on Water Supply Capacity
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Abstract

This study proposes an evaluation method of water supply capacity of a dam, which uses the concept of return
period by conducting bivariate frequency analysis of dam storage capacity. The proposed method was applied to
the Daecheong Dam for the evaluation. Additionally, the return periods of Daecheong Dam were estimated for the
representative drought events in Korea, whose results were also reviewed. Summarizing the results is as follows.
First, this study evaluated several climatological factors related to the water supply capacity of dams in Korea
to conduct the bivariate frequency analysis and selected the storage on May and the storage difference between
June and October as variables for analysis. Second, as an evaluation result of the water supply capacity of the
Daecheong Dam, it was found that the Daecheong Dam secures the water supply capacity under 20 years of
return period. Finally, it was also confirmed that the proposed method in this study is valid to analyze and
estimate the return period of representative drought events occurred in the Korean peninsula.

keywords . dam storage capacity, bivariate frequency analysis, water supply capacity, Daecheong dam
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Fig. 1. Characteristics of Duration and Deficit Volume
of a Failure Event (Kjeldsen and Rosbjerg, 2004)
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Table 1. Application Example of Safety Degree for Water Shortage to Determine Water Supply in Korea (Lee, 2012)

Safety Degree for Water Shortage

Dams

Andong Dam, Hapcheon Dam, Buan Dam, Yongdam Dam,

(more than 90%)

Firm Supply Soyanggang Dam, Imha Dam(validity), Hoengseong Dam, Boryeong
Dam, Namgang Dam, Juam Dam
Reliability Chungju Dam, Bohyunsan Dam, Jangheung Dam, Hwabuk Dam,
(more than 95%) Buhang Dam, Hapcheon Dam, Seongdeok Dam
Reliability Miryang Dam, Hoengseong Dam, Imha Dam(Youngchon water

canal), Daecheong Dam, Songriwon Dam
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Table 2. Statistical characteristics on S5; and A S in Daecheong Dam

Statistics S5 (10°m®) A5 (10°m’)
Average 283.74 335.13
Standard Deviation 119.87 193.08
Correlation Coefficient -0.06
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Table 4. Storage on May Followed by Return Periods at Fixed Storage between 6 & 10 in Daecheong Dam

S, by return periods (10°m?)
% AS (10°m®)
10 years 20 years 30 years 50 years 100 years
10 87.69 660.00 278.67 222.66 173.53 127.50
30 233.88 222.66 159.61 133.41 107.47 81.07
50 335.13 173.53 127.50 107.47 87.22 66.25
70 436.38 148.94 110.60 93.60 76.25 58.12
90 582.56 133.41 99.68 84.57 69.05 52.74
A5 2po]) S megh o ARk HIESAS skl on 1400
7} o) wEke] A gE wE AdvhE BsEd S .
AESATL o]& AR He] 853 a5ES FUel] 1200
g8} B Aol NE D wle) A THES HEA7]7) 9 T
& A@7)7ke] o= JER Ll HEAE sebsta S 1
A gk o2 G WA, i ke FeE ent 8 ]
= AR wale] WEY AEE dus 59E - o 5"
=)o) that Frb Bas. .
e I HE2 97)E AQs UmA 717 52t i
9 Fae] Al dAsHA FAE A AWE 10 400
Are) P 59 ARG Wake HYHoR T e (monthy
A glenl, 2 71R71E dF It eek Aadhe ¥ Fig. 7. Representative Straight Line of Decrease for
B2 e Al Floh 2 el ae R o el et Storage from October to May in Daecheong Dam
A¥= oh Fig. 79 2t o] wf A fF §skE Uehl=
UE AXe) 7127 ud 1099 58] tg Bt AF Ao 1095 thes 59749 AFY We 54
gro] zjolE o] &ato] AATIA Fig. 72 tjis]e A9 712715 dAsAl A-&3te
T3k 697 109 Alolo] AFaF Apo] = np7 A 2 3 APA o g ghaste s ERdnh ol g WS #4835t
T 77 St AgHow Frsa AP o= of theket I gEe tigk Ad 7|7 A F7F Wst 54
ANA7IZE 7NdE o] &3ate] o]t EE Hrtgthes & < Uehd o glon o= Ao oigh AFe] 27|17t
Holl X Al Ewas WA7IA] Fahes Al o] Ao AZFFgre A Jep=Aol tigh o s st
a1, 71 A7 o= AR YA gt SAES o=z i He] 5T HTEHS UM 5 ) o=
obat=dl ol FElzl §lo] Hth olE SAR 6~10¢ A5 ztolol it HAYSES 402 7
2 Aol g el digh A@7]bd A5 wsll = Aok FdstA H8Hc) 2 Aelie= 59 A
02 AgEad NS Frlekaih i B 6~109 A7 &Fo] 24zt dis) 10, 30, 50, 70,
ARl o= 59 A FFe] EATE] 30%] A5, 90%2] A gl wE A 7|7HE 10, 20, 30, 50 100%)
AA71ZE 50l gk iR AFTEHF GAHARE AfF sl 545 e o, Alg a7 @R E
Brbske WS Ak vt 2k WA, A7kl wsto a2y gidle] &7agedS Hrkeldth 1 4
w2 AF Wt 548 Fhetslr] Q) i Wl 549 = Ageshd v Fig. 8% Zth

s YehdlE wetR X o] SE5dEr2 7 E U
28 30%0] slFshs AFHIL2 10°m) & A%
ARsk 1 F 698H 1097042 AFEe 437
50l gk 6~109 AF# 24e)(45.32 10° ') vHE 419

o

Mo Z7VeHA =l ol Eq. (92=5FE AXEh »

-

AT 1258 20144F 124

ro
N
o))
l

—_
)
o
2
i
orl o
_>;g
-
r o
N
=2
)
Xl
g2
S
=
[‘_9(_4‘
N
=
S

1207



1200 1200

Storage, Design supply (10°m?)
Storage, Design supply (10°m%)

(a) Return period : 10 years

1200 1200

10%
30%
50%
— 70%

90%

Storage, Design supply (10°m?)
Storage, Design supply (10°m?)

(b) Return period : 20 years

1200 1200

10%
30%
50%
70%

— 90%

10%

©
2
3

50%
70%

— 90%

&
]
3

Storage, Design supply (10°m?)
Storage, Design supply (10°m?)

(c) Return period : 30 years

1200 1200

Storage, Design supply (10°m?)
g
Storage, Design supply (10°m?)

(d) Return period : 50 years

1200 1200

— 10%
— 30%
—_— 50%
— 70%

— 0%

Storage, Design supply (10m?)
Storage, Design supply (10°m?)

(e) Return period : 100 years

Fig. 8. Variation on Storage Followed by Return Periods with Design Supply
(left : fixed storage on May, right : fixed storage between 6 & 10)

1208



3L -

[¢) a

" i 71311 32191981 ~2012) &<F
9l 2 el sl 2H7} 93)(28.1%), 122](3.1%)
o AB R

& gelsisk. dAel A% 847
A

FE e

Cole @ Aok U FEATEY
153 ao] AtiAo A A Ele] 917] )

T v Al

o s

T‘:_]— =i

A2 Ve

ol vl 7

¢ Aoz wad

>
2
on r
e
X
Ju ot
O
s
D
l
L
(e

d, 2001 2002»:1) of 2 2
A Aol i WO R B oM MEANE 4
Pakgich. olel@ Avke Y dwe] AA W AFY 5
ol AYFFFL o= JE MEAL 5 QEAF sto}
shzdl ol g9 & itk HEA AR ek o
A AFEH 0.2 E el HEAPEE ek
A7 A Anks The Table 59 2tk 2ol
A7 HY A SEBFEHAD/1L 204
vt WS W) A os 27 AgEglon ol
& Aok HEKE B2 AR §5E Tl A
BF FE Jrks 54 wgsh Ak

olsh geisfe] ¥ AT A AN §rEHEE B
e gele] 58 AR gl dgehs BYSEYY A

A7) AFE ¥ 545 getd 4 dv] uli
Table 50 A|AE Aol gk 7P} 7Hssich &
ToA g NAHHE o Z AV AR W
st EAS W] AAl AR 2 AgeaEy &

7 Yebd AaeE o Fg. 99 2k

Ao A= AA7)7E 50 2 100 thEk A 7
Wt 5248 AA A vlas] Fo 2R F9 7HEAL
el gk A7z A Ake] AEA 55 sk
ol 1 A o 7HE7IE A2l tigk o= ALl A
A UER7) wjiel 6~10Y AF% xfolol afdal=

AS7F AR AAske glo] Fad ARl &

A 2 4
w8 WelA Kot Agewds S5 %i% XéE
o e 2 s TheAbdel oid Aldrizte] A
A v S4S wrddit:

Aol AR He] e EeY B7PH S
3] 10978 th 8l 697b41 9] A7l dA” 7%
71% At 7Hget e mw Fig. 99 2ol the &

== 39S RkdelA] K3tk 1
eiut ol 54 v o 5 E AFE 2 69 = A
kel Rk E = Flo R 2 Aol ek o] Fafe] A
& W3H6~10¢ AT 2ol wE ok sle] Alg

Table 5. Return Period (yr) of Representative Drought Events in Korea

Dam

Representative Drought Event

1988-1989

2001-2002

Daecheong

50-100

more than 100

1200

800 —

Storage, Design supply (10°m3)

[
——T=50 (90% )
T=100 (10%)
............... Design Supply

Storage

Month
(a) 1983-1989

1200

[
T=100 (10%)
L s Design Supply
Storage

800 —

400 —

Storage, Design supply (10°m3)

10 11 12

Month
(b) 2001-2002

Fig. 9. Variation on Storage and Design Supply Followed by Return Period of Representative Drought Events
in Korea

AT H125% 20144F 124

1209



g olg Wrkshzel YolHE Fevt glo) Bl
o, ARH o B ATl Ak §5EF e BhY
2 o]g3to] ZHEAMel e ARY|ZHE A O Shof
@ 5 Qglom 1 Asks AR AA 4RSS b
o 5% oA WESY At FASH LheRdrh

6.2 B
¥ AT gpulEe] AdE ol g 9 §5ER
5 /PP S ARSI ARk e el A
g5lo] EAA NA, T4 JEHOR 4§
93 9 853 WS SAES AN, 1
FARE AR o]F AR X ATl AE
o #1F L AFY SHoRE W 5T FEY B}
A ARk, AR/ W A HFE Y Dol
& Besp] 9o 24E SHARE U e sk
olA WEsN S SASA T, el hEHQ
THEAREe i o gel ARSI e s B
9 §5EEEY BhPEe 4842

‘;’-H ] H
TEEY WRIAES FYsah ol oSl
9 £9g sk Qo] uhd ANTFRS BEA)EA
of gk EAIS) geislo] glom, B el 716~
9R)el PFHE T /1% 5L Telstel 59 AR
W 6~1099] AT Al Ul Wow AgH)
oE <lAtel BAH B4 PES Ak, F 54 1
of AL Ae] e ghe SRIE ek
o] PR qlel A=t el ula A7)z
(10, 20, 30, 50, 100) A7 Wsfol] W A FHE &
Aol ig beheleh, 2 ol ol A el i MepEe)

9,

10, 30, 50, 70, 90%°l sFal= HALES aLelste]
W HEei S sl en] 1 A, tid
2k 20wkl ok & 22

Ehstth o= v el faAFgol el Ade s
o] iAo A AgH o] 7] wEl Ao Ak
th AapHor 3 Aol A Ak S o wel
A AFELE kg sto] o W=l

AN2RY Adead @4FE ddshs Aol
woll =ul-9] HEe] A7 5 Al

stebd A7 S o187 2 el SrEEs

=
Pl bsd Ao wad,

1% oo B[ omx ot o &N

1210

4
~2002)e] T g A
Fo o] oW

A&@71ke] 50~1001 HE= 1000 o]/l o2 vhebt
th ol & ATolA AlbE He) &agweE BhY
o sy AE TheAde]l At Ak 2t
ot} Ztzke] A7k v AA|e] s H (A
@717 209 vinha vugs o) e = A
wlomn ofefdh Ayk= 7HE7IRt Eet thE el 8w
Holl A7F AT e glvks 548 sl Hnt
#Ale] 2

References

Beran, MA., and Sutcliffe, J.V. (1972). “An index of
flood-producing rainfall based on rainfall and soil
moisture deficit.” Journal of Hydrology; Vol. 17, pp.
229-236.

Bhunya, P.K., Berndtsson, R., Ojha, C.S.P., and Mishra,
S.K (2007). “Suitability of Garmma, Chi-square, Weibull,
and Beta distributions as synthetic unit hydrographs.”
Journal of Hydrology; Vol. 334, pp. 28-38.

Bhunya, PK., Mishra, SK., Ojha, C.S.P., and Berndtsson,
R. (2004). “Parameter estimation of beta distribution
for unit hydrograph derivation.” Jowrnal of Hydrologic
FEngineering, ASCE, Vol. 9, No. 4, pp. 325-332.

Brubaker, K.L., and Menoes, M. (2001). “A technique to
estimate snow depletion curves from time—series data
using the beta distribution.” Proceedings of the
FEastern Snow Conféerence, Vol. 58, pp. 343-346.

Cooke, R.A., Mostaghimi, S., and Woeste, F. (1995).
“Effect of hydraulic conductivity probability distribu—
tion function on simulated solute leaching.” Water
Environment Research, Vol. 67, No. 2, pp. 159-168.

Fiering, M.B. (1982). “Alternative indices of resilience.”
Water Resources Research Vol. 18, No. 1, pp. 33-39.

Grigg, N.S. (1996). Water resources management -



principles, regulation, and cases. McGraw-Hill.

Hashimoto, T., Stedinger, J.R., and Loucks, D.P. (1982).
“Reliability, resiliency and vulnerability criteria for
water resource system performance evaluation.” Water
Resources Research Vol. 18, pp. 14-20.

Hsu, S-K. (199%). “Shortage indices for water-resources
planning in Taiwan.” Journal of Water Resources
Planning and Management, Vol. 121, No. 2, pp. 119-
131.

Hydrologic Engineering Center (HEC). (1975). “Hydro-
logic engineering methods for water resources devel—-
opment: Vol. 8 Reservoir Yield.” US Army Corps of
Engineers, Davis, CA.

Jinno, K., Zongxue, X, Kawamura, A., and Tajiri, K.
(199). “Risk assessment of a water supply system
during drought.” International Journal of Water
Resources Development, Vol. 11, No. 2, pp. 185-204.

Kang, T-U. (2006). Evaluation and comparison of
reservorr yields from Chungju multipurpose dam by
HEC-5 model and an nonlinear programming. NLS.
thesis, Pukyong National University.

Kjeldsen, T.R., and Rosbjerg, D. (2004). “Choice of
reliability, resilience and vulnerability estimators for
risk assessments of water resources systems.” Hydro-
logical Sciences Journal, Vol. 49, No. 5, pp. 755-767.

Kundzewicz, ZW., and Kindler, J. (1995). “Multiple
criteria for evaluation of reliability aspects of water
resources systems.” In: Modelling and Management
of Sustainable Basin—scale Water Resource Systems
(Proceedings of a Boulder Symposium), IAHS Publ.,
No. 231, pp. 217-224.

Kundzewicz, ZW., and Laski, A. (1995). “Reliability—
related criteria in water supply studies.” In: New
Uncertainties Concepts in Hydrology and Water
Resources, Cambridge University Press, pp. 299-305.

K-water. (2005). Introduction to Dams in Korea.

Lee, G-M. (2012). “On the water yield assessment index
in water resources system.” Magazine of Korea Water
Resources Association, KWRA, Vol. 45, No. 8 pp. 71-
7.

Michele, C.D., Salvadori, G., Canossi, M., Petaccia, A.,
and Rosso, R. (2005). “Bivariate statistical approach to
check adequacy of dam spillway.” Journal of Hydrologic

AT 1258 20144F 124

Engineering, ASCE, Vol. 10, No. 1, pp. 50-57.

Ministry of Construction & Transportation (MOCT).
(2000). Mid/Long-Term Planning for Flood Control
Project.

Moy, W-S., Cohon, JL., and ReVelle, C.S. (1986). “A
programming model for analysis of the reliability,
resilience and vulnerability of a water supply reservoir.”
Water Resources Research Vol. 22, No. 4, pp. 489-
498.

Park, M. (2009). Probabilistic occurrence characteristics
and climatic variabilities of extreme storm events.
Ph.D. dissertation, Korea University.

Pearson, K. (1934). Tables of the Incomplete Beta-
Function. Biometrika Office, University College,
London.

Ricciardi, KL., Pinder, G.F., and Belitz, K. (2005).
“Comparison of the log—normal and beta distribution
functions to describe the uncertainty in permeability.”
Journal of Hydrology; Vol. 313, pp. 248-256.

Srinivasan, K., Neelakantan, T.R., Shyam Narayan, P.,
and Nagarajukumar, C. (1999). “Mixed-integer pro—
gramming model for reservoir performance optimiza—
tion.” Journal of Water Resources Planning and
Managament, ASCE, Vol. 125, No. 5, pp, 298-301.

Vogel, RM.,, and Bolognese, R.A. (199). “Storage-
reliability-resilience-yield relations for over—year water
supply systems.” Water Resources Research Vol. 31,
No. 3, pp. 645-654.

Vogel, RM,, Lane, M., Ravindiran, R.S., and Kirshen, P.
(1999). “Storage reservoir behaviour in the United
States.” Jowrnal of Water Resources Planning and
Management, ASCE, Vol. 125, No. 5, pp. 245-234.

Water Resources Development Public Corporation
(WARDEC). (1977). “Drought assessment.” Mizu To
Tomoni, No. 159, Tokyo, Japan, pp. 8.

Yi, J., Lee, G-M,, and Cha, K-U. (2012). “Idea on the
improvement of water yield evaluation methodoloty.”
Magazine of Korea Water Resources Association,
KWRA, Vol. 45, No. 12, pp. 51-57.

Yue, S. (2000). “The gumbel mixed model applied to
storm frequency analysis.” Water Resource Manage -
ment, Vol. 14, pp. 377-389.

Yue, S. (2001a). “A bivariate gamma distribution for use

1211



in multivariate flood frequency analysis.” Hydrological
Processes, Vol. 15, pp. 1033-1045.

Yue, S. (2001b). “The gumbel logistic model for repre—
senting a multivariate storm event.” Advances in
Water Resources, Vol. 24, pp. 179-185.

Yue, S., and Rasmussen, P. (2002). “Bivariate frequency
analysis: discussion of some useful concepts in
hydrological application.” Hydrological Processes,
Vol. 16, pp. 2881-2898.

Zhang, L., and Singh, V.P. (2006). “Bivariate flood

1212

frequency analysis using the copula method.” Jowrnal
of Hydrologic Engineering, ASCE, Vol. 11, No. 2, pp.
150-164.

paper number - 14-028

Received : 17 March 2014

Revised : 29 September 2014 / 16 October 2014
14 November 2014

Accepted : 14 November 2014




