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The estimation of water level fluctuation in the down stream
water mark by water level fluctuation in the upper region
water mark
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Abstract

Generally, the accuracy of the prediction of flood elevation is difficult to identify
due to the sedimentation on a river bed, earth and sand being moved by flow,
and localized torrential downpours caused by climate change. It is also because of
natural and artificial influences on rivers.

To predict river floodings successfully, more precise and reliable flood elevation
prediction system is needed, in which the concentration time of downstream is
numerically interpreted through analyzing and utilizing the watermark of the upper
region.

Therefore, this research analyzed the prediction methods of the changes in water
levels, which use the watermarks of the upper region. The watermarks which
impacts the spot being predicted of flood was selected through floodgate analysis
and correlation analysis. With the selected watermarks, a statistically reliable
regression equation was yielded.

FINE I8, B TEREY

Keywords : regression equation, time of concentration, floodgate analysis

| M= otz  FaAd dFd HAI FE5
= AzAr deastth 7)Ee B9 dEe s
B4 343 59 55 A BEAbelE a7
ZUEe X3 Q= OiFRe] S A 7 RS JEWMEY 9 JEEO Tom 9l
7b FE olFH sHAAATE Fte] frdro] wEr oz Alxde] APAHulA 1 GOHS ol
ofel mzt HFE A AHFEZl FEH8] = 87 ojele AAoluh o= e A @ el
Fit &7 sk FHe] 27 X3 FHle A oA o] WE dolo]7 % stth wakA sk
B Atel Ak FFE vA L glo} oz A% Wee vE o5y 9 AEAde Fems
Hal7b Fdel An. stEfFE] WHe Hastet Baste] SRAde 549 EEAS £ Ho
3, Tl tigk s A-ds] dsty] 914 Z Aoz urh Adsn AFA Q= B4
= 84 BFHI s FAREae AHA Sl a2 A 2z®e] TZo] Pad Aot}
wEbA, B AT A2 FHEE 0§ I
Qs EEsy wd, Zshkab-malA FAAe) FAREE dFshe AerAM dTE
2} A% ddAger U= AHLE A
wx Zelu)etn t)ere] EEZatyl 2akalA} AT Fe s oy ARSIHS Bx
ik 720 S gt gl EEF sy} Al w5 R shar glof AT WAl AgE WA

,83,



Y e AR A EAT L EEA),
A @ it 9

n
o
0%
lo,
22
T
>
o
2
!
2
ol
ol
s
2
g
ox
fols
o\
o b

o
l FAY I BA HFEE FAXoRE B4
S A#E A (correlation  analysis)o] 2} 3+

f=a

kS

"l_:_ o H

t}. 2AFA A S (population  correlation coeffieient)
7 opl olWE HPYPOoRRE AL AV 4,9
1

GEXES (x,,v), (x,,v,), - (x,.v,)
1 1 2 2 m n
olgt 3 wl, xoF yo At g EHFAHFL
Eagar
Sk = n—1 ZI(X17})2
Sv= i B! @

ola wIZIAR  xok yel Fiatel i =

FAEE
S = ST B (X=X, =) 2)
ot
EGAATE BEEA 0= cox, O B
FEAAE oy, 0,0l dte] p - Farolm
Z pE FAI G EEFBAF(sanple

correlation coefficient) <

Ut 2ol gt

SX, = X)NY, - V)

READA S (partial correlation coefficient)

o il
o oasge #5d ARAL 27 A9 e
He o r 2 (24)¢8 Zo] vERE F drth
. B "xx-"xx" XX,
fe \/(17 TZXI X;X)(li 7’2)(2)(;X )
B \/(:f‘i,rx‘)iVZX.x
r X‘XZ)(I v XZXA)

. o Tox - Txx" xx

TR a= )= )

ANM y ik x © x,2 FFEE AAT x,
oy, o FERA#ATFNL , v x4 v,E
Aol T

(4)

E9= Wrlehs Aol gold Ago AuASF
Qgoz ot Aoz wdBATA At o
23 o] AojH

63 (X~ V)?

rs= n(n?—1)

SEWS X 7} Hate] polal kel o2 A
TREEE GE o 7HE3] pqu, o) 2 EHHM,
of RXAL WEATEEY FEWS 7 2 ¥
st Z0,1)0] wm ol #HAH& ZFSe s
gt g,

z= X~ (6)
o

A7 Z = EEAI SFENF, X FEUT,

pE Fit, o= ETUAE 9n gt}

e e ojgHor 41 gl F oW
T BAE AA AdNA Fdsr= A
HMEE 7|22 3to b ¥MF5E «dSsks slelth
A AN T ed A2 s SYHS
o} shite] FEWE Abolo #AS Y st= A
g, ol& wedFEdoldt k. aeu dAlEe
o] SYRsEe] FHEUSF ofd T VA
7He stetslor & B97F o wol stk o 7
o] FAEA, F shte] FEHHGo o FHW
FE Atole]l #AE TAEE Ae T TR
ot gtk dwkrgo®m 57 Ae thEdt o] Hyw
T oot TEHEEF yo] BAE How x¥E

y = at fx (7

SHWE o

TEHEUF ysms FAHLLAE FibdkE FERSE, =
ol

thate] M= =goltt

~38¥ 5= (mathematical variable),

3. HdRd M A AMEEA
31 d7XY vy

B ATARd gAwe wAe] 1,21991km°, <
T 4RHAI551M (200812 V)E)e® WA o RE
Aol 1.0%0la Zeme] 7.0%E Hfsha glr
QAT R HHome AeAs} Heta, BA%
SRE WAL, dEE Jdio], FHOoRE ¥
siAl, AFE AL B ek AR 4704, 570, 1
M F84 18082 o] FolHal A= A
& edEleltt. @4 #9 dAFoer odid, o,
A, FAH, FAA Fol dew, FFE 7
23 AUt oRA el st e A
ofel FAA Fae weh fdad, T AR
TR, AR Y sER s A

,84,



H
il

KIr

#9
v

%9
)
%9
9
%9
9

il

A

9

2]
2
4
2
2

o
E
o
E
o
E
o
E

1985.
8
1974.
1926.
1960.
1985.

(H.¢h) W31

37°08
37°37

3]

128°59 | 37°10
128°42 | 37°23
128°49 | 37°29

128°37"
128°21"

Al
T
s

o o
ARA
A4
44
2

2+7]
7]
7]
2+7]
7]

A

A

w

1), AI30¥ B, 2010.

=

X

K1
eu_

il
<+

H

)

(2004.10 %

oF ok o o
B o I =) =) )
o g P P P
s s ~ ~ ~
= [ [ 2 &
=
= g g g g
= 5 3 2
2 = 18 5 g
3 < ] z 2
B g 8 8 3
2l 8 8. | 8n | S
B o B B = B — B o
g4 e 2 | ¥z | P
5= e 88 | 85 | 85
oo HHEE | HRE|HRE
o) T WO T ER | P T | P TR
RoRO T Ro RO | RO ROF | RO RO GH
= <
= =
=)
=

el

3}

o

yoll - o

1

k<]
oL

A 13770 &,

60170 2=7F A A -
2=

gl

=

165.4km

ok
oF

=

(<)

[€)

NNz, d=2t

IMas

(AR} A]:100~250km? & 17] &)

J

78

1

=
T’:

<]

AL 97l A
t} olE= FEWZA 99408km’(F

7]

oL

€]

b

H
pul

384N &, 7%

47
WMO<9

o

A&

A
R

2ert e, A

A &

[¢)

™
B
BiA

mJ
ey

- Nr

o

s
%%

A

il

o~
-

AezA

A

Il

2] 2l

a2

g1,

o,

]

AL

%0

<

Ny
o

B

,85,



1), #1307 B, 2010

4. X2 24

=K ) e e
“;Mﬁtﬁmmmaﬁ
Mﬁ%ﬂAﬁﬁﬁ
iﬁﬁﬂWﬂM
oF Nr = R <4
E%%ﬂw I
\ n _.Ea:éﬂ E
L_O,mﬂﬂv,_ TL
Mo
Mﬂ]l.cl XN W
R WA %o
W X
Pewv T
N TNT DR T
R R
| ~ ] N ki
MO%%MXWW@O,%
K T ™ =3
<z ,@mﬁ%%d@
A._JATW_/ﬂ.mﬂﬂuut
_ ) N L] 20 X o
W 2 D R B
_|+_ 2,11 i Jﬁdﬂ.ﬁ
T o L
Fra T o Ao
T GumTT Y
- zﬂ%_xorﬁl - R0
< ‘uﬁ}o% »E
B Re R W o o o)
TH
4+
=u| o
-+ HHHEE
: S S
W=
%\ [Te} [aN]
i EHEIE -
e e B B I I
[~
BE| 2
B3 S| % |&|2|S
[le} =
7
m‘,zlm nﬂ o~ [N}
=l & | & 5| &
g= S| 5 % m %
B mim X w@
< % mwmﬁﬂwﬁﬁmq
K moﬂprxﬂ%ﬂm
BN L e
To ® =R

= Mo W ouF o] oF o) B
%?%%ﬁ#ﬁ%m I
W 4 © 0
zﬂ%JM%E@ aﬁr%&ﬁ
ﬂL_EMuMT‘m;nAAOrEma,li%ao
ur,w;ioﬁdﬂﬁﬂ_.o#,olqor%ﬂ%@u
& 1%ﬂ%ﬁ%$ =
BE T G
TS LW g N A
o w AT BT
aﬁnurilq_Lutl X5
m &R A Hﬁzﬁﬁ ,wmo_.%mﬂ
%ﬂﬁﬁ§ﬁ%aa o &
ﬂourm;xﬂpuﬁ%%%
e - 25
7 T 2T T
s nzE M R oo = —_
w2 ol = R e X 2
Ejﬂ_#ohaowo%mﬂﬁrﬂ_. =
B R RN CwwEdy
o = & e } o ;21\7|
bl OTHMJ anm;nﬂA
o H%aggﬂﬁﬁLﬁo
LT T ﬂ%i@%ﬂi%h
oaAiﬁ%éﬂTﬂﬁaz
o T T NP il . Rx®
BN G . S
B oF ®°
W< = T
< ué%u%ﬂ@%
W“ Hﬂﬁoxoﬂomﬂ
T ZEodmw g
PR R dom o
R i LN
=7 ol Kook M
P Byt _o® i
N o &R oA :
) RE oy Gl
== AT g S
== X 5 S A
ClO Zo]r]\mﬂﬂmunﬂuru‘ae
N :
o o WEXEOTN
M o%ﬂuﬁwﬁoﬁo
n ~ © :
@%Q%égxmyﬂ%
S A A I
g B B ol FE
o = o <0 N Bl =
Wr.A on.rmn.rmL:c;#iqorE
ral- ]lrtﬁdﬂlmﬂ
LA R
o o_e,ﬂﬂoAAE]ri%o
- e B ROk
e T B )
)
OWH\I‘er.tio UW]J%O@IM%
< pEOERRE
5% utFabeBDa
B AT

"R
Ho © 1M
b I :
) = | » : r
o = v | o« | 8 z &
127 b g o g | F
BN . -
Mo w B LU IS g = .
R R x| 3 r
L o . - R
= AR oF K o |T[FF
il w <+ - = AR
T : z : :
WW 1# %0 e e h * S 1E* r
LI ] o = o | 8 zgH =
z -~ —_ | AR 3
5 5 om i mor W E S S
ok o, A% gl TE <N E Bk
%ﬂ@ pull G el il Tl
ot 3 5 % |
% s Y == 0|4 z 4
.
ol s |
vTF =z |7%|© I
gxéEr s
T = olm o
3 ) S Kl Ry
oK © A el o e
ﬂiZﬁ ;A;,/ﬂﬂzﬂw,ﬁwﬁgyﬂﬂﬂnt
TONE R R i SRS
o~ ™ M ~ T, A RO & |
< Ry R
W T
TH
- ﬂuo _ (=3 [a\
1=1s o= = S =1 8|s|8
<+ % | g .
P e | 8 | &8 SRR
B E R 5 -
~ - o o7 = g A=
I 0 T=|E|E|2|5|E
< (5 ]. 0 x s|s|e|s
N LJ & y M [ o~
&0 M o & © < = i , E
<l | < | o T B
— A EE
s | TE] 2 o0 M BRI
bli|e|E) & |8 S 1+
2 % =
o0 o - B 2 B
o
< W, El =R 3 ww HE JEIENE
= 2 : N 15 |® s |
> 3r R | o o | - oF BN .
u_ : 5 : : : % % o <3 I
- [Te]
— e =R Al S -
R R ﬁW@WMmﬁmﬂmmi i HHNE
< T H kg A lats o HHEE :
o o | Ay N 2% =z
- i Iy H | %
— - < FlE (Xl X
— | m | & X
|| o Hoﬂn Ay
Aol

,86,



1), AI30¥ B, 2010.

23]

"

WaterLeveHELYm) of Aver rdge

9Bpug Bunky - wen Jo WATEHRT s0TeM

2ive

Rozi2ivL

5

WtrLevl L of ong - rn Bdge

=
.AO
.mﬂ
+

e

%0

308

B oA
Ot etAlul

1AIT40%

WaerLeELY of Un G- Chen
(f) oh-§-2kA
2

a

3l

X

R

[

LTy

P

P

% .2 =

E S

mwu#

T L
Muoﬂeﬂ._ﬂﬂﬁoﬂ&ﬂﬁﬁ
o W W R . Hu
PETE s e
ooy &% H
B Ho ®smw
"B T TR T

1o s A A
T BB ur =
I e il
o R
Ny A Eo Y w
X4 < ~ ™
. Nr ) g o B a7 o
ﬂr%ﬂuo_elbr o OL.o
e S T RC N s
N Ro o X M op %09
._.,ﬂH_uHA_IHT_,mio#J;L]A o
T ;W RO mo R ok &
i L
moqaduﬂwmmwgn;
< N Urﬂ
mIT FRKDO G- R A
| JI — ﬁﬁﬂmnﬂqzﬁ

Rl g A

R TN ATR oW
wFHTE T HT T
< oA T R A

T
"
o
o
UE

<0

)
R
o

o/

T
Bpug esany 1o (AT 193M

o

A
oy

]
< M
U

»AO

™ o
.

E -

o|

B oF

6 A

iy

%0 N

= m

=

22| =

MR

FR D

W N B2

H
pail
2
<
KIr
7
oF
<+
i
0
|
il
i 2
R
z M
oy KIr
ez N
i X o
f T O OoF
Fook b g
k3
_ <
) _
i
Il
< )
o EE
A CEE
P oH|s|S|S
[=3
— ||| 2
N BRI
) —
b r(g2
w (%
== (]
2 g
T A s
)
= 3=
-
o mmw
™ ZElF
A.moo_v
W =ef[=e | 5n| o0
TR °

5171 244

4.3

S @ A3 A 95%

i

2

oz W 5%0]%3<]

o w P-valuedtel

Aoz NFFL 5H5%d Wl P-valuedt©l

0.000d m ¢] gro =

KR
=

4+
i
o

el
o

714

)

e

s

Water Level(ELV.m) of Nam - Pyung Brdge.

9Bpug 1 unsBunr jo (urnTa)eneT M

]

Water Level[ELV. m) of Na- un Brcge

(b) A4 1 - vpru

oy

Ell
<0
4

K
7

K

o+
<+

ml

,87,



8 M1 32N Ant

A& (Coefficient)

B
B . t p Toler | ,
SRS R ITF
e (B A AF) %§} —value | —value | ance VIF
A5)
Constant | -86.730 - -7.087 | 0.000 - -
Na-Jun 2 = =
Bridge 0.277 0271 | 3593 | 0.001 | 0.157 |6.360
Nam-pyu
ng 0.871 0.724 | 9602 | 0.000 | 0.157 |6.360
Bridge
£ ¥4 (analysis of variance)
sum of Mean F-valu| P-valu
Model df
squares squares e e
_ 535.69
SSR 47.811 2 23.905 3 0.000
SSE 2.142 48 0.045 - -
SST 49.953 50 - - -

3] 7 2] (Regression equation)

Jung-Sun(ELV.m)
—86.730+0.277 (Na— Jun ELV.m) +0.871(Nam — Pyung ELV.m)

Model Summary

Adjuste
R R-square dR Std. Error of the Estimate
Square
0.978 0.957 0.955 0.211
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tol

A 4 (Coefficient)

A
E 10 ofREX| 1 = FH=M Az
A& (Coefficient)
B
B - t p Toler | 1,
EES R /T
e (B A A=) %§} —value | -value| ance VIF
A5)
Constant -694.033 - -8.344 | 0.000 - -
Lim Gye -
Cheun 1.317 0.810 | 15.550 | 0.000 | 0.425 |2.355
Bridge
Gol-Ji - - —
Bridge 0.776 0.195 | 3.740 | 0.000 | 0.425 | 2.3
£ AHE 4 (analysis of variance)
sum of Mean F-val | P-val
Model df
squares squares ue ue
405.1
SSR 21.206 2 10.603 5 0.000
SSE 1518 58 0.026 - -
SST 22.724 60 — — —
3) 7] 4 (Regression equation)
—694.033+ 1.317(Lim— gye ELV.m)+0.7759(Gol — ji ELV.m)
Model Summary
Adjuste
R R-square | d R | Std. Error of the Estimate
Square
0.966 0.933 0.931 0.16177
2 REY S90S 8
R
A3 ERE N
e
R
0.277x 7 591 +0.871 < ' 3 4 91 -86.73 0.978
13
e
0.721x o}F§-2}A] 1 +0.814x %3 -237.211 0.995
o]
ob--2h
1.317x A 5= 91 +0.776x = A1 491 -694.033 | 0.966
2] 3l

B
. B - t p Toler T
Ll EF /IF
T @ AAS) %§} ~value | -value | ance VIF
A5
-27.20
Constant | -237.211 - 4 - - -
Auraji - _
Bridge 0.721 0.477 | 8425 | 0.000 | 0.059 |17.072
Song-Che
un 0.814 0.526 | 9.280 | 0.000 | 0.059 |17.072
Bridge
F-AH 24 (analysis of variance)
sum of Mean F-valu
Model df P-value
squares squares e
. 2636.1
SSR 49.959 2 24.980 94 0.000
SSE 0.455 48 0.009 - -
SST 50.414 50 — - -

3] 7 2] (Regression equation)

—237.21140.721 (Auragi ELV.m)+0.814(Song — Cheun ELV:m)

Model Summary

Adjuste
R R-square | d R Std. Error of the Estimate

Square

0.995 0.991 0.91 0.09734
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