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This paper proposed data driven techniques to forecast the time point of water management of the water reservoir without

measuring manganese concentration with the empirical data as Juam Dam of years of 2015 and 2016. When the manganese

concentration near the surface of water goes over the criteria of 0.3mg/l, the water management should be taken. But, it is

economically inefficient to measure manganese concentration frequently and regularly. The water turnover by the difference of

water temperature make manganese on the floor of water reservoir rise up to surface and increase the manganese concentration

near the surface. Manganese concentration and water temperature from the surface to depth of 20m by 5m have been time plotted

and exploratory analyzed to show that the water turnover could be used instead of measuring manganese concentration to know

the time point of water management. Two models for forecasting the time point of water turnover were proposed and compared

as follow: The regression model of CR20, the consistency ratio of water temperature, between the surface and the depth of
20m on the lagged variables of CR20 and the first lag variable of max temperature. And, the Box-Jenkins model of CR20 as

ARIMA (2, 1,2).

Keywords : Box-Jenkins Model, Data Driven Technique, Regression Model, Manganese Concentration, Water Turnover
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Data Driven Approach to Forecast Water Turnover
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SD
0.136
0.146
0.193
0.288
1.881

Max
0.64
0.64
1.03
1.82
5.68

Mean
0.114
0.128
0.149
0.263
1.718

Min
0
0
0.002
0.010

0.053

)

(mg/I
n
44
44
44
44
40

Depth
surface
Sm
10m
20m
30m

<Table 2> Elementary Statistics of Manganese Concentration
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<Figure 1> Manganese Concentration of the Surface and the Depth of (5m, 10m, 15m, 20m)

2015-01



Data Driven Approach to Forecast Water Turnover 93

Water Temperature(2015. 8. 1~2016. 3. 31)
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<Figure 2> Water Temperature(’C) of the Surface and the depth of (5m, 10m, 15m, 20m)
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S5 zpo] wig- o F 5o FFS vtk FHg FAdE
Wibs L A B VIetts 23eke 7IHAl 2% Aot Eolus M & 9GS T WQle] %9
3.0 Fan), el ¢4 20m7bA] Fo] 055 ol w, Al =7 7B fref gk wijlolth AR o3
AA|ak= 7I17HA 324 FHa)S d&ate] AN dS  FAE F20 dAo o3 ARdd B AHE ¢ =3
S 93k B ol 71002 20159 102 2 5E 20169 12 BE HO@ SYUAE 3ol Basich sled]
w7 AAstsich FEd £AEGm, 10m, 15m, 20m) g B, o84, YxA we) Adetn
T zpol et 71 AHAA R, BT, AR, B Jbesta Ve T P 2 dAd IS Fe Huv2
TFE, BFE, JANESE, ol&d, 4k A & HEFET AAS 055 HANES 045, o]&H
ATHEA AHE <Table 3> A skth 0.87, ZAIZH 0272 "$ Foleh ARAAE A mR
FF A £ AN @ ARAY JERY £E
<Table 3> Correlation Coefficients among the Difference Al 71l o2 HAdr|2vks 43t
of Water Temperature between the Surface <Table 4>= =41 52309} FARE] oA 3Y 7+
and t:e E;epth of (5m, 10m, 15m, 20m) and A ere] AnAss Aest Aotk A 15m7bA <
Weather Stalus Fe Aol Foldl F A Auews 9 Ay
variables | (surf.-5m) |(surf.-10m) |(surf.-15m)| (surf.—20m)| =R = ¥ FH 74 20m= 29 A Aol
i ggFo] 7HF =9k
i -0.56 -0.674 -0.713 -0.708 el 7he =3k
temperature
avg 06571 0759 0.779™ 0775 <Table 4> Correlation Coefficients among the Difference of
temperature Water Temperature between the Surface and the
temn:;zture 068" 0775 0775 -0.780"" Depth of (5m, 10m, 15m, 20m) and Maximum
P - — Temperature with Day Lags
avg humidity | -0.101 -0.179 -0.200 -0.127
avg wind 0312 0348 0301 0.239" variables | (surf.-5m) | (surf.-10m) | (surf.-15m) | (surf.-20m)
max wind 0.343 0.342 0.282 0.164 max 068" 078" 078" 078"
dew e wxx P e temperature
temperature 033 0667 0694 0663 Lag 1 069" 079" -0.80"" -0.80""
daylight hour 0237 | -0204" 0.215" 0.237" Lag 2 -0.60"" 075" 0.76™" 0.817"
Precipitation 0.063 -0.013 -0.062 -0.113 Lag 3 055" -0.69"" 073" -0.80""
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<Figure 3> Water Temperature, Ratio of Difference of Water Temperature Manganese Concentration(mg/!) at surface and
depth of (5m, 10m, 15m, 20m)
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<Table 5> Maximum of Consistency Ratios between the
Surface and the Depth of (5m, 10m, 15m, 20m)
when Manganese Concentration Goes over 0.3mg/!

<Table 6> Regression Result of CR20 on Max Temperature,
their Lag Variables and Lag Variables of CR20

at the Surface and the Depth of (5m, 10m, 15m) Variables B stderr | STB | T-value
intercept -0.024 0.010 - -2.34
Depth CRO5 CR10 CR15 CR20 Lag 1 of CR20 | 0279 | 0093 | 0283 2.99
Surface 0.000 0.0128 0.013 0.022 Lag 2 of CR20 0.300 0.092 0.310 3.25
om 0.006 0.0182 0.045 0.072 Lag 3 of CR20 | 0.251 0.087 0.270 2.8
10m 0.006 0.0182 0.045 0.072
Lag 1 of Max| = s 0.001 0.137 277
15m 0.006 0.0182 0.053 0.097 Temperature
olo] A Azl 2wy} 54 [smrtA] o] gxs  <Table 7> Fitted ARMA Results of First Difference of CR20
ol A=A el st nige] gite] FH oo Variables ARI | AR2 | MA1 | MA2
deetA BT B ATelA e 2 Afolo] % M= Est. 20.119 -0.486 -0.480 0.898
Aoz Qlsto] o1 o] Pheert =32 V1) SE. 0093 | 01223 | 00554 | 00718
HA sk AddE dEsr] fstel sk =4 20m
& GAECR20) g2 cAFERL T R FEE cpygol sk R34S 918 Box and Jenkins 7.3
7b AR VE%E 26k A vaegich 1S A E3H90T ARIMA(2,1,2) S AHRH o2 F45H0]
THA T 20m T2 AAE, CR0S FEMTFE S ryple 750 S THAIC = -368.1). EHWFE CR,
A 33 ATA AHe AFHTR] AUZES T _opeg, | 40 54 20m 5 AL 17 A grolt),
URE AR 3 A7t AR AR T939S g9 uae) MAPES 57.3%, ARMA REL 622% % A
dSUFR o] FAT NPRY HAE <Table 6> mao) oj=eo] =9k}
AAEAT BATAEE 713 20159 109 1U4H <Figure 4>t <Table 6>°] PR P &3 CR20
201613 1€ 180714 ElolEjolth AEHE 3 A F2 o] =ghPredicted), <Table 7>9] A ALR S 43 o=
AZE B fofshalar Aeme AR 19R 9 Z(fitfitted), 28] CR20 AZFtol] o AZHEmolTh
stlem AAATE 89.5%ATHFATE 5%). FHI AQ FuMe F4A 15m YIHEE 03mg/l 7FEES %
TA 20m e dAE PAE dRAEE HAd2E el 49 A CR20 7 0.097019, A a5
Hop 52 A= AP bg7E =9 AR 29 2 A A Ssmelom7bA] BRbsEsh 71 EkSs 298 o) CR20
A% gk o] b =gt gk 0.0720]tH<Table 5> Zan).
Observed value and Predicted Value of CR20
variable
S — CR20
s <=1 1 5 1 1 1 1| | - Predicted
fit fitted

10

11

12

Date(month)

<Figure 4> Fitted values with Regression Model and ARMA Model and Observed Value of CR20



96 Sehyug Kwon

20154, 2016 9435 A3 dolgHE &
[e)

Z 2
o}:o_L]

_11)1. Flr
rg
-3
X
o
2L
ox
-
W
rrlo
o
e
i

[o )
£ op
o ot

> rlo ok
Ay w2 oto o 2l
31_'4
R
&2

4 o B H

o,
>
(2
2,
>

o,

Me
1%
o
off

ol
ol

e
®
4 e
>,
ro
o
N B
o
oz o
o wo
o5
oft
O

(o]
Ol pol > Ay R (L W T

e e oot
LS
=

N

ro

3} 4=41(5Sm, 10m, 15m, 20m)
5m, 10m, 15mellA o] B7s® 7153k 2ok
w4 A3 FEd F4 20m T2 YAE
O~
T

h.
PES 7)F

o > O & A

A5t
e
4
fitl
p‘L

>,
O o
LZ» f=
3 8

-
s
4
o
N e
=
2 i

4 o 4y

o o

i
2=z

oty M

a2

e

3u!

oflt

o, d

>

=

=

>

_>~1‘

>

I
HN S
2o
A JN

AN o 1H
o 2
< o O
-
= l"-E]u
1
ru
1o
o

o e
()
.
i
°
X

L
=)
4
o =

oy e

Be 2

R U e oy
B
&2
g3
N = i oofy
2
it
2
)
to

ki
¢
>
e
o
o,
o
o 2

o
I
o
odl
2

4£m
:?L_';

o
&

rr
e
X
rlr

>
ol
e =W 2
£
ol
o

R I

4

Ho

2

)

A

oX.

WS o gk
i)
o
flo
S~
>,
4
3{2’

X o iz
)
B
N
ox

o ox ¥

X Ho

oo

i)

=

)

A

N

rll'.

2, O
1=

o
|d

fl 2
e
7
2
1

:

2
I
g
ok
1o
it
ofo
o>“
o,

Acknowledgement

This study has been supported by 2017 Research Fund
of Hannam University, Korea.

References

[1] Bertone, E., Stewart, R.A., Zhang, H., and O’Halloran,
K., Data Driven Statistical Model for Manganese Con-
centration Prediction in Drinking Water Reservoirs, 20"
International Congress on Modelling and Simulation,
2013, Adelaide, Australia.

[2] Box, G. and Jenkins, G., Time Series Analysis : Foreca-
sting and Control, San Francisco : Holden-Day, 1970.

[3] Casella, G. and Berger, R.L., Statistical Inference, o
Ed., Duxbury Publication, 1990.

[4] Chapra, S.C., Surface water-quality modeling, McGraw-
Hill, New York, 1997.

[5] Kazi, T.G., Arain, M.B., Jamali, M.K., Jalbani N.,
Afridi, R.A., Baig, J.A., and Shah B.Q., Assesement
of water quality of polluted lake using multivariate sta-
tistical techniques : A case study, Ecotoxicology and
Environmental Safety, 2009, Vol. 72, pp. 3010-309.

[6] Kim, E.H., Parl, S.S., Choi, Y.S., and Ahn, K.H., Mode-
ling Study of Seasonal Temperature Variations and
Hydraulic Turnover in the Paldang Lake, Journal of
Korean Society of Environmental Engineers, Procee-
dings of Spring Conference, 2001, pp. 249-250.

[7] Kwon, S.H and Oh, H.S., Construction of Observational
Locations for Measuring Water Quality in the River
Area, Journal of Society of Korea Industrial and Sys-
tems Engineering, 2012, Vol. 35, No. 3, pp. 187-191.

[8] Kwon, S.W. and Yoo, C.S., Evaluation of Water Quality

Monitoring Network Using Entropy Method, Journal

of Korean Society of Civil Engineering, 2001, Vol. 21,

No. B, pp. 501-509.

Kyoung, M.S., Kim, S.D., Kim, H.S., and Park, S.K.,

Statistical Water Quality Monitoring Network Design

—
O
—

of Kyung-An Stream, Journal of Korean Society of Civil
Engineering, 2006, Vol. 26, No. 3B, pp. 291-300.

Park, S.Y., Wang, S.K., Choi, J.H., and Park, S.S,
Design of a Water Quality Monitoring Network in the

[10

—_—

Nakdong River using the Genetic Algorithm, Journal
of Korean Society on Water Environment, 2007, Vol.
23, No. 5, pp. 697-704.

[11] Wang, SK., Na, E.H., and Park, S.S., Object-oriented
Design for Water Quality Monitoring Networks in the
Han River System, Journal of Korean Society of Envi-
ronmental Engineers, 2005, Vol. 27, No. 5, pp. 453-460.

ORCID

Sehyug Kwon | https://orcid.org/0000-0001-6195-9141



