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Abstract

Algal blooms have caused problems for drinking water as well as eutrophication. However it is difficult to control algal

blooms by current warning manual in rainy season because the algal blooms happen in a few days. The water quality data,

which have high correlations with Chlorophyll-a on Daecheongho station, were analyzed and chosen as input data of Artificial
Neural Networks (ANN) for training pattern changes. ANN was applied to early forecasting of algal blooms, and ANN was
assessed by forecasting errors. Water temperature, pH and Dissolved oxygen were important factors in the cross correlation

analysis. Some water quality items like Total phosphorus and Total nitrogen showed similar pattern to the Chlorophyll-a
changes with time lag. ANN model (No. 3), which was calibrated by water temperature, pH and DO data, showed lowest error.
The combination of 1 day, 3 days, 7 days forecasting makes outputs more stable. When automatic monitoring data were used
for algal bloom forecasting in Daecheong reservoir, ANN model must be trained by just input data which have high correlation
with Chlorophyll-a concentration. Modular type model, which is combined with the output of each model, can be effectively

used for stable forecasting.

keywords : Algal blooms, Artificial neural networks, Chlorophyll-a, Cross correlation, Daily forecasting, Parameter
.M E Al g @715 7] 28 5 Jlth

dEdde 277 8% £E Tl 38 A =4 o
Az 715wste] Balo] ZUHWEAN o3 ZFSd I YA w377l Wzl Bl A =273
B A Y 2FWA getd AN Aaze A mE dske o 4 W Axs <l 7 A
27t 9% 22340 Y Aot 53 2852 4 94 ¥4 AAE USWI A At L,
cote 3adA FABY YAHA BE F ap 2wl mEb AARE #E 8 AW el a7e= a%‘°*1
FRge 2709 ZA%T 2RV F@s) ggste T A ASel AFHR F & . ol 48 &
Aot} oA ERUWEYS 7)o AFsaA st Bt 03?7}
zagud e EAS A5y JdHNE 999 od9 FW-ell A A =E I Qlvk 27|dF9] Wy F stue <l
2 Zolt Aol 2EAQ AAYHolnz, eguizyge) 4 SUBTE 18T AFYUo= U-I¥e) AW ¥ o]
F Aol @2 aFe FAwsE %48& gl e h EE Skeh Aesadl sARIHe dE fadel
dol gol ASET. E2REY So= g gAgh gu A FEONT VRIF Bl Sole A9 S99 A8

Qe dFzY F9IE CE- QUAL W2, Water quality o JlAel $EE AT 5 U
analysis simulation program (WASP) 59 F3R2d g o] & 8% E%i"] B2 (1) 8ol &olstaL, (i) ewol ¥
F AFAEY, 1997; AEHE 5, 1995 FHIF, 2001; & A A &Gl AT Btk o}l (i) &4 (dynamic)
$£% 5 2006 AE 5, 200050 s o ek g 0 PABlondineanHolH, Famoisy)HA ALS, 5
B ZRRA AE EA 4G g guad O BAVEERD BN B ge ddais A
t AFRRY HF AL, Fue] B 2oleze] vy F T WM AT HASL gwsl Nawed £F ¥
2090, 52 9 A5 2ABAZ oA A (algal dynamics)S =2 & &=0] &332 o]thLee et al., 2003).
T e 2d9=2 FATH, A7), AR
"To whom correspondence should be addressed. AL w8E S B oARTbA s]lsd os e
mungis@korea.kr A Hed, 35 5ot 2, o] F2 FHY

Journal of Korean Society on Water Quality, Vol. 27, No. 4, 2011



534 ool =8d
4% 71 59 FE8 ¥ J19F #F2E s g9 Arg&E d4ets B9 EXI AA 35 Aol A
3587 dstd gt A, S5, ofF 2 Y 5 F E ex AR UEYAE S5t gUFoE AL
AFER FTEI gEA YEdE 2/ 24 F Az J1EA 9TFE o 4HdAN FHAFE o
A FHEZ QLA vetde A2 EA A= Zo] Yed & ok
BEE AT, 2009). AFT 7IHE 5% FZ PHS 4
Aoz A5 E G 49 FERAEESE AR 7 X= (220 7,] ()
st widwith el AJdF FFE Hole tiEZ
Chlorophyll-a (Chl-a)2] B% W3E sAal7] 9% axi4 H= [hy, hy,-+ h,,] 2)
?l E7F & Aoz duH)

sFAAE SR ZRaddy ZR%d RSy 3)
g8 AFE 71HE& ZE(Homsby shire council: HSC,
2008) BEM, £fGlgec)s F FH 2 AL T Chlka 5 g4 ye guz wy, pe oYz WME, vE 293
EASE AR A AFEe] TAANE Recknagel S wgoyy, s w794 A52Y v vTdd 4 @)% 2

1997yl 9t FH MEFY dF o], Maier 5(1998)°l
A% G2F AEXFY FE$ AZ, Karul 5(2000)°] <3t
Chl-a =8 /Y & 9d3F, Lee 5(2003)° 93 2F
sfote]l 27/ AlEXF FH9 o=, Velo-Suarez and Gutierrez-
Estrada (2007)°] 9% sz G279 FE9 <=, Chen
5(2008)°] 9t AZX 9 AHFHZ Chl-a 55 EF(F
A L318)F), Palani 5(2008)°] g3+ A7FEE )¢t Chl-a
FEY FE AZFo] ook aEY oy 4t
obd At MY Hzx dFo] tFEo|H, F(weekly) T
A8E AHEFALBE SAYNA FL Alold A3 F
7Vete ZFUEAS A& ddixe B &S S35
719 29 E nHsof aRHY Aoz ATk I
ANMZ AZANFGE o8& ZFelE AF7F (W33
S, 2005)¢ HFS(FHIAATAS, 2008, B3], 2001,
Oh 5, 2007), S54(RAEd, 2008, FEZA, 2004)°] H&
H v glen, 2/ AFAEAGE LS SHYAANEE
g 5, 2008) 59 AT7F I w3

2 AFdME HFSE HFeE dd Chl-ag A5
AWM A& F4E AEE T AET BP S F &3

] 2]

>

AYAZLe BN 2RBYL 27055 Ase 2y
% =S4 Y G595 E g v A8 23 58
3, 948 AR WEd mE A8 YA

odl

=
m
2o o 4o do rfo

FollA 71 Bo] ol&HE tEAlF
F2 Back Propagation (BP, 23973 &g
stod g5S FPsted YEAES ol &3 AF
P EERT FEUFY eXE Has)
£ xdste dEelth AFE 4
=93 4Fos ddH0 glen, 9
®

2FE A IR E(sigmoid) 7T Bol

o =% ok U
8 o
o b o
rlo o
v ru\ﬁl roly
. O
r>~l ?lN l:'r'l'
> of N oR
Ll"l‘:lr ) mlo Hj
= °

o
ox, v
ol
rr

>

A SRS M s, 2011

4
fijn

Levenberg-marquadt €18 &< FHAAFLAE
= HZAAA Azt FEH} F AY FHAEEHE o &F
o244 GFEETF wE ez gEA vk 4, EE
gl At AAEY AFA T, (W) & Adatt

Q]
H

m

EW) = Ye2(w)= If(w)l? (5)

i=1

A7V e (W) = (yy —y; )%, ype | 2ENAY BRI, y,
=i 2EAA Y EYgtolth J = WA A=ZHS PEH,
+ Marquardt 30l E, /& S9IEY o, dZ4F=e
AEF AW, £ AZHL FEE 5 2 (6)90 o) AlLtetiet

r

>

PN

AW, = —(J FW (A +2D7! (6)

AE RS gRH AgsE, AN @l w4 (7)el
e W, & A,

Wls:+1: Wk+AWk (7)

ol W E(W,+AW,) > E(W,) ¥, \ &
(O)FE Al AxtstE, E(W,+AW,) <
o

ofN
N
>,
N
fd

>,

g FRAIIAL, W= W+ AW, 2 Adol =t

oF E7F gadeg 29s% F9309 424 W
s AW, 4¥E3 293 Y AAYE WSy AVE
Aste] thg GEBAY 248 AFYE W VE T

2 ATY AEAY AGQ] g5 =2/7EY dSol=



BAU) Chlag] UES OIS P8t A De| N man|E B} 535
20079FE 2009971418 #AARAR F 2F AT F T2 ImpulseE HIZS F 7MY AT ESS id /44
¢t9] Chl-a, <, pH, Dissolved oxygen (DO), EHE gt HY el HEE VEeE 45 Erxd FEe
2 2(Impulse), Total nitrogen (TN), Total phosphorus (TP) Holn, - £ AAQ {U4F, Y7 F9EFS dF
& FEAA A8 | 79, ¥ 9%, Z9F ARE o A 392 Qe FAY AEEFo| Hddd Z FFE A=
&3ttt FAARE FFFAA AAReR P 3 AeR Yetygt. d=d WHsdHsS B¥, 2007d5H
v INTAAEESEYeEREH dBEA ARE AFESA 2009474 FE - R AAY Fegd Sk, EEAA
AMEStH o, FEASE WAMIS (Water management = AotxleH, W2 Chl-a¥ 43k, T4, B4 5%
information system, =7FFAMATE  FEFBA|2E)ol A = A F7retd & ARt &2 29Ut Chl-ad &
dAeE FHstd &3k A5 2P & Frlstr] & 7kl & 9%s S d5s FEE 5 Utk
A 2007 14070 &9 dAEE EFS GHAEE, 2008 Y ojge] EHozE Al wE WIE 1A
| 13671 B9 dARE 2P HAFE A4S FAFSARE, F7F fleB2 WA Chl-a¢t AT e 2 F5& 2
2009 19070 &9 dAEE AARYE 7T HE = A7) fste] 2P zE S WEFolE vast, ARt
B2 AT A8 A85Y S4& Fig. 19 Uit 9 AAFHENE TIPSR ol F & FHH E A=

35 10 0.20
(a) (b)
~ 30 9 T _
L T . Eo0.15
£ == T os| [T 1 BE==| 2
g === =
= 1 l e So.10
20 1 7
15 6 0.05
13 5 800
(d) (e) -
1 P _a 600
=" . L
=) =) )
E o WEE S ‘ E o 400
s o |- 2
A [ I B B % — 2
7 , 2 | T g 200
il =
5 1 0
20 0.12 80
_ T _0.09 T = 75
ﬁj 15 S =
0 —
§ % ———| | Eooe | L__| = £
B -
=10 é T = =
5
0.03 £ e
1 2
05 0.00 60
600 300 30
) (k) _
2 400 <2 200 =
°g e é
5 -1 £ 10
: : <
= -
S 200 ——. £ 100 =
— 5 E 0
_:[r_ é e
0 == 0 10
2007 2008 2009 30
(m)
T ” 75" percentile égzo
) -
B, z
’ <
Median =10
U ———
L 25" percentile
Legend 0 —
2007 2008 2009

(69)

T [ |
T 1 1
1)

N
I
M
2007 2008 2009

Fig. 1. Automatic water quality data characteristics for 3 years. (a) Water temperature, (b) pH, (c) Electrical conductivity, (d)
Dissolved oxygen, (¢) Total organic carbon, (f) Impulse, (g) Total nitrogen, (h) Total phosphorus, (i) Water level, (j)
Inflow, (k) Outflow, (1) Rainfall, (m) Chl-a
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Table 1. The tested parameters of the Neural networks for the Chl-a forecasting

No. Tnput factor Inpu(te;)odes Hlddtzlela)nodes (nii(l)gilr) Tn?;ays)tep

No. 1  W.T. 1

No. 2 W.T, DO 2

No. 3 W.T, DO, pH 3 n !

No. 4  W.T., DO, pH, Lagged Chl-a 4 2n 2000 3

No. 5 W.T., DO, pH, Lagged Chl-a, Inflow 5 2l 5000 7 .

3n 10000 1 (combinationl)

No. 6 W.T., Impulse, TP 3 4n 1 (combination2)

No. 7 W.T., W.L., TP 3

No. 8  W.T., TP 2

* W.T. : water temperature, DO : dissolved oxygen, Inflow : dam inflow, Impulse : Daphnia impulse, W.L. : water level, TP : total phosphorus

7 DAY Forecasting model

3 DAY Forecasting model
1 DAY Forecasting model

Temp.(t-7) Temp.(t-3)
pH(-7) pH(t-3)
DO(t-7) DO(t-3)

7 DAY Forecasting model

3 DAY Forecasting model

{]

Temp.(t-6) Temp.(t-2)
pH(t-6) pH(t-2)
DO(t-6) DO(t-2)

Fig. 2. Process for the Chl-a forecasting.

THEN s=EEF R M27A A4S, 2011

pH(t)

TIe;mpi(t-l) Chl-a(t) |  pememeeeee-- .
pH(t-1) - i AN
DOt-1) Training | Combination:
—) Output 7
—> | Output 3 | :
1 DAY Forecasting model-% Output 1 | :
{ 0 I :
Temp.(t) Chl-a(t+1)
DO(t) Forecasting



SALH Chl-a9] TR o|&E 25t MFY 2Eo| MNP maiole Fot 537
3. Znt U nF NAE 2449 AZ Chl-a SEWEY JFLS A=
FRAFEE(FE, pH, DO, Impulse, TN, TP), ] F&2l
31, AbmHEN ASE 79, ¥ 49F, 39D HYoR NEIFL
W59 2R 299 9T FEEA 2 gge w  vad £ A%, UFS Chlashs FL, pH, DOZE AAE
o 292 A% 3l 99T ZrtE 5] wAs, FILME 22 WES Hold, ¥ #9U%, TN, TP7} #4A}
ol o] FASHA Hrh HuF Z 35 ZRFEA ot W dHS EATHFig. 3)
NNE o BAL FHOE AR UF BAL SRS TAFBEANAE Chladl BEE & pH, DO% 4
0.900
(a)
0.600
0.300 8
S
0.000 E
[
-0.300
-0.600
104 —— pH .
0600 (b) e Chia (1) 4o
0.300 94 - 30
=
2
0.000 I 20
8_
-0.300 + 10
-0.600
(c)
0.600
0.300 '§,,
E
0.000 S
a2
-0.300
-0.600
@ L
0.600 =]
= 0.300 ﬂ ?
g : s
0.000 z
3 iy
-0.300 =
®)
-0.600 0.20
(e) | TP ()
0.600 —e— Chl-a I 40
~0.15
0.300 % I 30
E 0.10
0.000 = L 20
=)
-0.300 0.05 4 L 10
-0.600 0.00 0
(f) 800 | —e— Inflow (m)
0.600
0.300
0.000
0.300
-0.600 - -
(g) 60 4 ©° Rainfall (n)
0.600 T —e— Chl-a - 40
0.300 § 40 4 - 30
0.000 ‘E + 20
‘S 20
0.300 & sy, [ 10

-0.600

-30

<20 -10 10 20 30

o St ol Wil al

2008-06-01 2008-07-01

0
2008-10-01

2008-08-01 2008-09-01

Fig. 3. The comparison between cross correlation analysis (a-g) and fluctuating trend of water quality data (h-n) in the
summer. (a) Water temperature with Chl-a, (b) pH with Chl-a, (c) Dissolved oxygen with Chl-a, (d) Total nitrogen
with Chl-a, (e) Total phosphorus with Chl-a, (f) Inflow with Chl-a, (g) Rainfall with Chl-a, (h) Water temperature
with Chl-a, (i) pH with Chl-a, (j) Dissolved oxygen with Chl-a, (k) Total nitrogen with Chl-a, (I) Total
phosphorus with Chl-a, (m) Inflow with Chl-a, (n) Rainfall with Chl-a
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Table 2. The optimal structure by estimation of least mean errors
Input nodes - Hidden nodes - Output node
Traini h
No. Input factor (Training epoch) — —
lday 3day Tday Combination] Combination2
) ) ©) (D+2+3)3 Optimal
No.1 WT 1-3-1 1-2-1 1-9-1 i;i Eigg?o) 1-6-1
(10000) (433) (2000) 191 (2000) (2000)
2-5-1 (2000)
2-5-1 2-5-1 2-2-1 2-5-1
No. 2 W.T., DO 2-5-1 (2000)
(2000) (2000) (2000) 221 (2000) (2000)
3-6-1 (2000)
3-6-1 3-3-1 3-3-1 3-3-1
No.3  W.T., DO, pH 3-3-1 (5000)
(2000) (5000) (5000) 331 (5000) (5000)
4-4-1 (10000)
4-4-1 4-4-1 4-4-1 4-4-1
No. 4 W.T., DO, pH, Lagged Chl-a 4-4-1 (5000)
(10000) (5000) (5000) 44-1 (5000) (5000)
5-5-1 (5000)
5-5-1 5-5-1 5-5-1 5-5-1
No. 5 W.T., DO, pH, Lagged Chl-a, Inflow 5-5-1 (2000)
2
(5000) (2000) (5000) 551 (5000) (5000)
3-3-1 (10000)
3-3-1 3-3-1 3-12-1 3-3-1
No. 6 W.T., Impulse, TP 3-3-1 (5000)
(10000) (5000) (5000) 2.1 (5000) (10000)
3-7-1 (5000)
3-7-1 3-3-1 3-7-1 3-3-1
No. 7 W.T, WL, TP 3-3-1 (10000)
(5000) (10000) (2000) 371 (2000) (10000)
2-2-1 (10000)
2-2-1 2-2-1 2-2-1 2-2-1
No. 8 W.T., TP 2-2-1 (2000)
(10000) (2000) (5000) 2.1 (5000) (10000)
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Table 3. The forecasting errors classified by input data and time steps
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No. Input factor

RMSE (mg/m’)

lday 3day Tday Combination Combination2

No.1  W.T. 9.67 7.54 7.54 7.97 8.41

No.2  W.T, DO 717 7.22 7.89 5.98 6.33

) No.3  W.T., DO, pH 5.89 6.17 6.87 4.49 4.20
Zae:l‘of; No.4  W.T., DO, pH, Lagged Chl-a 6.13 7.15 10.39 5.07 5.85
(2008) No. 5 W.T., DO, pH, Lagged Chl-a, inflow 6.21 7.55 8.60 5.35 5.48
No. 6 W.T., Impulse, TP 9.55 8.55 9.74 7.24 8.44

No.7 W.T., W.L.,, TP 8.94 8.56 8.50 6.59 8.30

No.8  W.T., TP 7.83 7.5 6.97 6.51 6.10

No.1  W.T. 8.64 10.31 8.90 8.09 8.36

No.2  W.T, DO 8.72 8.83 10.51 7.38 8.15

No.3  W.T., DO, pH 7.75 5.89 8.79 5.94 5.79

Test No.4  W.T.,, DO, pH, Lagged Chl-a 6.27 8.15 7.71 4.13 4.36
(2009)  No.5  W.T., DO, pH, Lagged Chl-a, inflow 6.44 11.30 6.06 5.20 4.49
No.6  W.T., Impulse, TP 9.68 8.68 13.90 7.44 8.11

No.7 W.T., W.L.,, TP 9.75 10.04 10.99 9.78 9.29

No.8  W.T., TP 8.90 9.46 7.86 7.32 7.23
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