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Multiple Regression Equations for Estimating Water Supply Capacities of
Dams Considering Influencing Factors
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Abstract

In this study, factors that influence water supply capacities of dams are extracted using factor analysis,
and multiple regression equations for estimating water supply capacities of dams are developed using the
analysis results. Twenty-one multi-purpose dams and twelve Municipal and Industrial (M&I) water supply
dams are selected for case studies, and eight variables influencing water supply capacities of dams,
namely: watershed area, inflow, effective reservoir storage, grade on amount of M&I water supply, grade
on amount of agricultural water supply, grade on amount of in-stream flow supply, grade on river
administration, and grade on average rainfall, are determined. Two case studies for multi-purpose dams
and M&I water supply dams are performed, employing factor analysis, respectively. For the two cases,
preliminary tests, such as reviewing matrix of correlation coefficient, Bartlett’s test of sphericity, and
Kaiser-Meyer-Olkin (KMO) test, are conducted to evaluate the suitability of the variables for factor
analysis. In case of multi-purpose dams, variables are grouped into three factors; M&I water supply dams,
two factors. The factors are rotated using Varimax method, and then factor loading of each variable is
computed. The results show that the variables influencing water supply capacities of dams are reasonably
selected and appropriately grouped into factors. In addition, multiple regression equations for predicting the
amounts of annual water supply of dams are established using the factor scores as explanatory variables,
it is identified that the models’ accuracies are high, and their applications to determining effective storage
capacity of a dam during dam planning and design steps are presented. Consequently, it is thought that
the variables and factors are useful for dam planning and dam design.

Keywords : factor analysis, water supply capacity, multiple regression equation, dam planning and design

o 4 o &
2 o kR

ool rE ox Y

1%

o o
Do
=
ko
rO
b
M
=il
il
4%/
o
n:)
o A
ro
il

* A AATE, AFA9 (e-mail: kmgl218@gmail.com)
Research Fellow, Future Resources Institute, Woolim Lions Valley C-405, 371-28 Gasan-dong, Keumcheon-gu, Seoul 153-786, Korea
= 22122}, Kwater Kwaterd 79, 41479 (e-mail: lkm@kwater.or.kr, Tel: 042-870-7420)
Corresponding Author, Head Researcher, Korea Institute of Water and Environment, Korea Water Resources Corporation (Kwater), Daejeon
305-730, Korea

454 1158 20124F 11H 1131



1<}

F U-City A+
5271 W45 1270

o7

srgom, 2

S

L
L

57 @¢low By

4 Cl
b

o

[F =2

=1

CtE

o,

ol 3134
.M

°

e A8-AAE e

S Varimax3< A

HH
%
4

felN

1

X

oy
prsl
Bo
o

Nfo

rvzel

X
T

R
_—

olo

K

.

AT A=

E,O

a7} gick e

|
=

<
=

o
HEES 1

2012). wpEpA
o] ALz~ A

=1
=

g
o351

3]

3

%
S

A
&7

ul
=

k]

)
&

b}, A

pud

ok %

I3

Fohe} A1E- A

E

=y
=0

PN
g

]

o =
R R ]|
T

Zo
l

N+

=

o)

0]
S

3 4] 3L

=
o

= 7 wrf £849 AREAo] 7}

=
4 5o

A7 Al

=

ol
2. 212 M(Factor Analysis)

AE
2.1 7L
TZE 714
e

29 v}

14 5

O

28531 JtiIyer and Jha, 2006, Nandagiri and Kovoor,

2006). webA

s

= A7

gl

A 48712] WEE 7719

o

(2010)2 =W 7 5243

BEKERBEMNE

1132



o
=
Eis

=
=

]

17} A

Varimax-<

ol 29
74

o]

p

Apo] 9]

24 gk
| 714 del A1gs

T
=

371 <

S
1

Qo
a1
-
ey

A

7F00] =™,

=

W 0 2 MSA Fkol 04 o)<l A&

2~

OE 8ddle Havh HES
T

Aol A
2 %ol frk

ol

A=k
;?-l,

(<]

dol 7t
fow"”“

}eH(factor loading)

-
3t

= T4 HE Xel

2 e WE 727} Eq. (D3 2o

0

=

=
=

[©)

Eir

g4
. Zp],, A

FRES ekl Row Mg

Z=A-F+U
pxq FHEZ QI

f

=
=
L

W
= [21, 2,

]

A=
<

=3}
fuy 1ty oo
ERdC 38 A

$17I2,$3,"'7$T)9’]’ ZE—]_-O] D7H9’] %'{I:

o71M, Z
U

==

A7t 00] =

il

AEAIEA 225 Alole]

K
=
T
IH

01

A

1, Bartlette] -

°

sk

1713

8

o A Bartlette] v+

==
S

1ol 242} Bq, (93} o] APgsIm, W

3]

3
yepdth ST,

=

22

=
5

un

FS; =3, W;ST,

1l e s el 7

o
vl

LW R

o

$o] o]}, Bartlett®] w9138 A7 =

S|
£

ﬁo

oj

)
(Table
] &

1133

EU
gl

=]
j=
-

15
A4l

¥
<!

<
T

o~
T

&
15

1l

1)

Ay

Pl oy s AR 57t

°

%

3 A
g 5A ZRI(WAMIS), 98945

217)19] THEA R (Table 1)} 127 A2

2)
1%

ksl
H

2

A
Eq. (2)¢} 2] 7|

1

.

2
mn
m#n

+22 2 dn

DI
m=n
2
Tmn

g o] vglztAel gl Ao Al

m#n

21

olgate] MsEe] 2213

% 20124F 11H

o

jJé'

i/

‘AT B o, MSA

MSA

=

=

711

o] Aakd EA =] MSA (KMO Measures of Sampling

Adequacy)

7
4545



st

20.60
[¢)

203.30
14.87

Annual
water
supply

(10°m?)

3,380.00

1,213.00

119.50
926.00
591.60
38.30
36.30
599.00
573.30
73.00
650.50
1,649.00
106.60
35.10
414.20
270.10
218.70
127.80

HERZ] 9

Average
rainfall
(mm)
1,197.60
1,100.00
1,320.00
950.00
987.10
1,043.30
1,137.00
1,021.00
1,127.00
1,007.70
1,249.10
1,416.80
1,269.50
1,259.70
1,230.00
1,245.00
1,271.90
1,310.20
1,530.00
1,620.00
1,507.00

Annual
inflow
(10°m?)
5,108.83
1,750.25

160.83
851.47
756.90
24.28
316.62
50.77
52.03
18.61
911.39
2,030.92
91.45
769.48
3,216.67
12551
39.50
545.57
788.40
148.22
157.68

73.40

1,000.00
21.90

reservoir
storage
(10° m?)
1,789.00
1,900.00
424.00
160.40
40.10
42.60
17.90
560.00
299.70
69.80
672.50
790.00
108.70
35.60
370.00
352.00
210.00
171.00

Effective

Watershed
area
(km”)
6,648.00
2,703.00

209.00
1,584.00
1,361.00

41.30
500.00
87.50
82.00
32.60

925.00

2,285.00
95.40

930.00
4,134.00

163.60

59.00

763.00
1,010.00

134.60

193.00

National river; 1st: First-ranked regional river; 2nd: Second-ranked regional river.

Admini—
stration
category
Nat.
Nat.
Nat.
Nat.
Nat.
2nd
1st
2nd
2nd
2nd
Nat.
Nat.
2nd
Nat.
Nat.
2nd
2nd
Nat.
Nat.
2nd
Nat.

River

Name
Han
Soyang
Seom
Nakdong
Banbyeon
Bohyeon
Naeseong
Wi
Buhang
Kohyeon
Hwang
Nam
Danjang
Keum
Keum
Jikso
Seomjin
Boseong
Yisa
Tamjin

Eungcheon

Characteristics of Selected Multi-purpose Dams

Chungju
Andong
Imha
Seongdeog
Youngju
Kunwi
Buhang
Milyang
Daechong
Boryeng
Buan
Jangheung

Juam(aux.)
Nat.:

Soyanggang
Hwengsong
Bohyeonsan
Hapcheon
Namgang
Yongdam
Seomjingang
Juam(main)

Name of dam

Table 1.
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Table 2. Characteristics of Selected M&l Water Supply Dams

River — Watershed Effectiv'e Annual Average Sl

Name of dam Admini- area TESErvorr inflow rainfall water
Neme | stration | (b | S | Qg | G | SUEPY

category (10°m°) (10° m°)

Kwangdong Golgi 2nd 125.00 8.00 58.80 1,130.00 26.40
Dalbang Jeon 2nd 29.40 7.50 21.76 1,213.70 14.60
Youngcheon Jaho 2nd 235.00 81.40 122.68 1,100.00 107.30
Woonmun Dongchang 2nd 301.30 126.20 201.83 1,139.40 167.90
Sayeon Daegok 2nd 124.50 20.00 91.45 1,153.00 80.41
Daeam Dungi 2nd 77.00 5.00 47.93 1,203.00 18.25
Daegok Daegok 2nd 57.50 27.80 41.00 1,251.00 32.90
Kampo Ohryu Local 3.70 2.20 2.05 1,010.00 1.60
Yeoncho Yeoncho 2nd 11.70 4.60 851 1,367.60 6.20
Kucheon Kucheon 2nd 12.70 9.30 10.41 1,500.30 7.50
Sueo Sueo 2nd 49.00 22.00 45.10 1,550.00 29.70
Pyengrim Pyengrim 2nd 19.90 8.10 14.19 1,339.00 11.80

2nd: Second-ranked regional river; Local: Local stream.

Table 3. Criteria for Evaluating Dams’ Weights from the Perspectives of Water Supply, River Administration,
and Average Rainfall

M&I water supply Agrlcfggj; WIS In—stsrfslr)rllyﬂow a dmﬁllgtigtion Average rainfall
Ra6n gg Grade Ra6“g§ Grade Raang‘;:’ Grade | Category | Grade Lz Grade
(10° m®) (10° m>) (10° m>) (mm)

MI > 1000 100 AG=>100 100 IF=>100 100 Nat. 100 RF >1,500 100

MI > 500 80 AG= 50 80 IF> 50 80 1st 80 RF >1,300 80

MI > 100 50 AG=> 10 50 IF> 10 50 2nd 50 RF>1,100 50

MI > 50 30 AG> 5 30 IF> 5 30 Local 30 RF >1,000 30

MI > 10 20 AG> 1 20 IF> 1 20 RF> 950 20

MI> 5 10 AG= 05 10 IF> 05 10 RF> 900 10

MI< 5 5 AG< 05 5 IF< 05 5 RF< 900 5

Table 4. Results of Correlation Analysis between Variables Influencing on Water Supply Capacities of Multi—

purpose Dams

Variable Var 1-M | Var 2-M | Var 3-M | Var 4-M | Var 5-M | Var 6-M | Var 7-M | Var_8-M
Var_1-M 1.000 993 .820 813 .285 536 -.077 649
Var_2-M 993 1.000 774 805 279 522 -.025 642
Var_3-M 820 774 1.000 839 214 570 -.138 485
Var_4-M 813 805 339 1.000 .094 608 058 A76
Var_5-M 285 279 214 094 1.000 533 -.029 .286
Var_6-M 536 522 570 608 533 1.000 237 496
Var_7-M -.077 -.025 -.138 058 -.029 .237 1.000 035
Var_8-M 649 642 485 A76 .286 496 035 1.000

Var_1-M: Watershed area;, Var_2-M: Inflow; Var_3-M: Effective reservoir storage; Var_4-M: Grade on amount of M&I water
supply; Var_5-M: Grade on amount of in—stream flow supply; Var_6-M: Grade on river administration, Var_7-M: Grade on
average rainfall; Var_8-M: Grade on amount of agricultural water supply
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Var_8-S
217
.288
.204
143
443
.300
.106

1.000

BEKERBEMNE

56.509
71.576
84.297
63.867
81.943

515
.393
491
704
-.132
.363
1.000
106
Accum. variance (%)

Var_7-S

Var_6-S
.939
979
.897
.808

-.304
1.000
.363
.300

Variance (%)
56.509
15.066
12.721
63.867
18.076

Var_5-S
-.351
-.301
-.197
-.241
1.000
-.304
-.132

443

Var_4-S
883
.846
942

1.000
-.241
.808
704
143
4521
1.205
1.018
5.109
1.446

Eigen value

912
929
1.000
942
-197

Var_3-S
897
491
204

Factor

979
1.000
929
.846
-.301
979
393
288

Var_2-S

1.000
979
912
883
-.351
939
515
277
Var_1-S: Watershed area; Var_2-S: Inflow; Var_3-S: Effective reservoir storage; Var_4-M: Grade on amount of in—stream

Var_1-S

Category
Multi-purpose dam

Var_2-S
Var_3-S
Var_4-S
Var_5-S
Var_6-S
Var_7-S
Var_8-S

Variable
Var_1-S

Table 6. Eigen Values, Variances, and Accumulated Variances, Varying with Extracted Factors Influencing

flow supply; Var_5-S: Grade on amount of average rainfall; Var_6-S: Grade on amount of M&I water supply; Var_7-S:
Water Supply Capacities and Dam Categories

Table 5. Results of Correlation Analysis between Variables Influencing on Water Supply Capacities of
Grade on amount of agricultural water supply; Var_8-S: Grade on river administration

M&| Water Supply Dams
M&I water supply dam

1136



shFo] 0.957~0.980%

S

LEbdth A
], Q1

o

=

0.8%5~0944% =2 %

LHERAT

=

=

H ]

vrebich -8

=)
0.616~0.960<] =<

=

=

o

0979

gkl Varimax™H-& AHS-

[

[e]

0.637~0.944<]

<9

[e]

EERES:

o
YR o

)
5|

R

=]
5

=

=

1

T
9]

571¢] W
0.8609]

o

331t} Table 7

S

no
Hlo

)

ol
—~
o

Herl 90l 2% BREQon o]Eo]

o] 22 #3291

T
To°

jgase]

3

i
0

)

BN

e} ==
T 5

L

o2 BFREeH, o

2 U oleh g s

o
FAGE B W57 29 12 BRI

d

gl

st

i<

el

._dm

—
o

2 FEe] we=a o] v

F A
1137

s
Factor 2
-.024
.016
021
.024
-.050
.860
838
-.028

of i

980
967
957
944
943
276
-.305
591

M&I water supply dam
Factor 1

Factor 3
-.072
-.024
-.104

132
-.074
.346
979
.069

Factor 2
187
178
122
.006
.960
.616
.007
.347

Multi-purpose Dam

Factor 1
944
930
895
924
078
544

-.045
637

% 20124F 11H

o

115k

Watershed area

Effective reservoir storage

Grade on amount of M&I water supply
Grade on amount of in-stream flow supply
Grade on river administration

Grade on average rainfall

Grade on amount of agricultural water supply

Variable
Inflow

Table 7. Variables’ Factor Loadings according to Rotated Factors, Varying with Dam Categories
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Fig. 1. Correlation Analysis between Rotated Factors’ Scores

(a) Multi-purpose Dam
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Fig. 3. Comparison of Designed and Predicted
Amounts Annual Water Supply for M&l Water
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