be are) Al

Rawson (1995)¢]] wl2m 5429] Zeo|r} ¢gss Ho
Bk A RS, Seldet ASAS Ao £ FRRE PAAIIL A3 EEGa
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PSO (Particle Swarm Optimization) &3

A%

CEREE

HES - ol - ey’ as
A3

(A3 sta Aees, A2 ew 873 3st)

Application of Particle Swarm Optimization (PSO) for Prediction of Water Quality in Agricul-
tural Reservoirs of Korea. Kwon, Yong-Su, Mi-Jung Bae, Soon-Jin Hwang' and Young-Seuk
Parik* (Department of Biology, Kyunghee University, Seoul 130-701, Korea; ' Department of
Environmental Science, Konkuk University, Seoul 143-701, Korea)

In this study, we applied a Particle Swarm Optimization (PSO) algorithm to predict
the changes of chlorophyll-a related to environmental factors in agricultural reser-
voirs in Korean national scale. Data were obtained from water quality monitoring
networks of reservoirs operated by the Ministry of Agriculture and Forestry and the
Ministry of Environment of Korea. From the database of the monitoring networks,
290 reservoirs were chosen with variables such as chlorophyll-a and 13 environmen-
tal factors (COD, TN, TP, Altitude, Bank height, etc.) measured in 2002. Based on
Carlson’s trophic status index, reservoirs were divided into five groups, and most
agricultural reservoirs (TSIgy;, 64.1%, TSI 75.5%) were in the eutrophic states. The
groups were discriminated with environmental variables, showing that COD, DO,
and TP were important factors to determine the trophic states. MLP-PSO (Multilayer
perceptron (MLP) with PSO for the optimization) was applied for the prediction of
chlorophyll-a with environment factors, and showed high predictability (-=0.83, r<
0.001). Additionally, the sensitivity analysis of the MLP-PSO model showed that COD
had the strongest positive effects on the concentration of chlorophyll-a, and followed

by TP, TN, DO, whereas altitude and bank height had negative effects on the concen-
tration of chlorophyll-a.

Key words : agricultural reservoir, water quality, trophic status index, particle swarm
optimization, discriminant analysis

nodokalsl 47 He, Aaxle) vz Qs ARBe

M £

o] 7hsAd ol EolAlE A& on| g
3 Fedokslz Qs
Fol wlwlstAl dejudx gl (-3, 2000). 2 £4 7 A=A

BE) QJpR R §3 TheAlel Z7hPA e} wdoks)

Harper (1992)¢)] w2y A4z U] A3 oekdal 9l
3olops e AN, A4
Folofghe AR W ABSFIES FINA A5A

Aol @31 xF8se] 9l7] wjFo) (Hwang et al., 2003)

rkl‘\

a7h Rashe

oln

o »4 WRE 2RRG@ 5,
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2002). =3 A8 R AR U] FHx 2
¢l %=, chlorophyll-a (Chl-0) 3=¢} U8 A= 7}
Aa glemn, o] 37 Qb= Hpx|9 oAl B
F3l= 71302 AM2ETH(Carlson, 1977). £3] Chla
Tt ASA 9F AE JERE H o PR e
g dgg shoh(Lu, 1999). 22y $elue} 394 A4
2l 4 7]1%olE Chla F=o W3 FAI7F go] 2ol
%F AEE DI, o]F AR SAMA AFGE A
A& WA ZA7 gk (e] X, 2003).

FTY8A8AY e AGs] YeME A4HA
2B Fe] e a8 feuele e BE AL
A% &agHor ¥UHIYsIm Fslr|R P o=
- oJe)d deloh WA o] F ASAEY o]3}ehA,
FeEEH BAE #4813, 1 B4 e FgeA
A9 £ &7} Deslth o] $(200M)E 54
AgA] el M pAM o)) BAE shebslr] A8 kg
ot 27 AL #AE EAslgen, A 5(2002)&
el 594 ApA A BT At Gk o
& A7F slch 28y, 7129 £ o2 md s 4
£ AS4AY o33t EA B 23 o] @A AHe
2 PHPETH BAEL I Faxr) Witk welby
E A7l E vl 594 AR AR o
stahA, R F7A B4 wel A4A] 44
& A5l ol & B 2849 UL A4A 24 B

el 71JatzA} gk,

WE % gy

1. A=A AR

UL ALAY AL A=) 98] 199032
FRRsL AR AN AFR029% el
YRE o83t 2 670709 AR F AFE 34
S oA st & A gako] 219 m® o)kl A
FATE s on, o) & Jled ARE 1Bl
200709 A pAg AAsY 2eln vlwd sy F
AAe] ¥ 20029159 A F Ao & 99
HAFel] 2 & Adsieleh A 2907) #4570
A} chlorophyll-a (Chi-a) =9} 137) ]384, 4a)
4 3 AsE Adsgch A= AEAR 1)
&o] AL 6719 ol 4 izl 2EALH(DO),
3 A2 F%(COD), 3 <(TP), 3 AL (TN), 24
E3 (S8), &% (Temperature)E A=yt (Fig. 1).

A3 A5AS) FRSEH SAE Bdelr] 93 5

B A (Catchment area), 4 (Surface area), A|v} 7 o]
(Bank length), A8} *=¢| (Bank height) 52 EAA8E
o839l em, XE)A - Fel| A IR = (Altitude),
*4=A] 2 o] (Reservoir length), x]4=%] E#|Ze] (Cir-
cumference)t AAR =& o83l A3t} (Fig. 1).
Chl-e 3% 0.1~1734 mgm™32] £ WS nyo
1, |28 Chla We]o] we} COD, TP, TN, SS S| 4
AEE BE e Ryn gy 3x g AEel:
Chla 3y =&29 WHE: FElE B =3 A
A g8 A o], 94, ApA ZHe| e FANRE *x
F& Byl

A=A QS H7sh7] $18tke] Chla Fxe} TP
s%of w2 Carlson (1977) §-°3 %3} 2|45 (TSDE A (1)
3 )l we} A

TSIy, =9.81 X In(Chl-a)+30.6 (1)

TSIpp=14.42 x In(TP)+4.15 @)

oz} Carlson (1977) ¥} A4 (TSDe AH4A] 3
qolg A g duEQ Pgos, Chla 3 TP
9l F= &9 ug L'o|uh AALE TSIE o]-8-3le Krat-
zer$} Brenzarick (1981)2] <JofAte] SR &) 73}
FANY ApA Y Al E S5l o ) 1§
2 FRsidn) o)) 7 JokdAlel &3HA o= TSIZL
< ZARgre = M ZA S of A = dbd sty

Chla s=2} 374AAE 7k dRAE 37] S8l
"l g4 Al#A 4 (Spearman rank correlation coefficient)
£ AAEen, 54 42 STATISTICA (StatSoft,
2004) 2 2 738 A3l

]

L 2EE Uy

24U 598 A4AE TSI gl B 57 2o
2 Fyoigen, o8 BAUAT ALgste] DRRNE
o). 18] MLP-PSO (Multilayer perceptron-Parti-
cle swarm optimization) & o]-&-s}eq *4x]9] 3A
Azt Ao W Chle =& <&3tdn M= F
Chl-a, TP, TN, SS, 1%, AW} Ao], A=A Ao], A 4%
A, A4A] YAl Wol Fo] 7] wfjiel o]F
Zo]7] $13te] log MEE st o] log kol 09
E AL AR st 2 W49 gholl 18 o3 AAt
sk =3 7 W4Ee) FeeE 2EP Tep)
Azt 2E WSE FHa-Hd AR A @) A8
o 7 W52} WAE 02 1 Ael9) oz ARAZ

ol
T
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Fig. 1. Differences of environmental variables according to changes of chlorophyll-a concentration in 290 agricultural

reservoirs, Korea in 2002.

(x;—min(x))
by(x)=——— (3)
max(x)—min(x)

71 b FE 19 W4 x2) W3 3L mink) ¥
max(x)i= 742 W4 x9 Hagk 3 HYE Jeldeh

D Bd 8y

=
TSl o183 Selielel 9 A9 o
e BRe Ase wekes

tr DA
1598 AR, A |4l 127] $AAAES B3
a

NS ES HE o Ads SIENPAN-ECE
o BAsIgel HEHEMNE M BAEA H7)RQ

STATISTICA (StatSoft, 2004)% A}-&-5}5c}.

2) Particle Swarm Optimization (PSO)

PSOL: FAFH A% RolllA 2w gx H4l 7)
0.2 (Birge, 2009), Atk E1719) A3 e BEe
el 7] ¢35 Kennedy and Eberhart (1995)7} 13lst
54 A3} 71yl vl F3L 9lok PSO daelE
9] dEle 7 SAe A e A7) A8 dAd &/
AZZHE dolrhm, 15 Al IE o2 H
Wt A RE o]g3ted HH2] A= o]F3| 7} (Chau,
2006). &, F-2]7} A2 wEke Foprh= AAdA F
g R iR Weke] AF7HAe] AHle A e
RAA FgHe] gl ABE V= s PEoe
ML 2235 A6l =43 Aol
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For each particle
initialize particle
END

Do
For each particle
Calculate fitness value
set current value as the new pbest
End

For each particle

i _yigyi
e =Xt Vin

End

viy : the particle velocity

The pseudo code of the PSO procedure

Calculate particle velocity according equation
vi, = wxvi+ciri(pbest, —xi )+ cors (gbest, —x)

Update particle position according equation

pbesty : the best position of the £tk individual

gbesty : the best position among the individual (group best)
xi: the current particle (solution)

r( ):arandom number between (0, 1) ¢y, ¢z: learning factors usually ci=c2=2

If the fitness value is better than the best fitness value (pbest) in history

Choose the particle with the best fitness value of all the particles as the gbest

Fig. 2. The pseudo code of the PSO.

PSO dxz|5-e i3t 2 datdAgor oozl
o (Fig. 9. BA UAES) 27 AIA9 =g 25
7 A% d R4S o T Aol YAB HAsh
£ 9oz A ol F A4 A 9], &= Ao}
E F4ghe o4t k+ 1A &= WEE A @)
o w2} 243k} (Shi and Eberhart, 1998).

Vit1=0 X vy +¢; X 1y(pbest, — i) +e, X ro(gbest,—yl)  (4)

ol r3 1 F4E 03} 1 Aol e AW, o B
A 7R, ot o ZRAESR 2000 BT vie W
7] kA &= xie iHA QR kA $1F)e)
. pbest, 3= iHA =19 7K HA 9], gbest,
<A HH Ao} ooz A YAk k+19
ARE $A 73 = HEIE o]l f2e to

AAE old 4] (5)8 Ahgict

Xks1 =+ 0k (5)

oA Lo

2 dFolME PSO daelEE X =3l AdFAA 3
2ake] d&qQl vl2=417 3] 29 (MLP, multilayer percep-
trome] B3t 44 5191H Fig. 3). we] Q2o
137] B3 AA 3E, EH30E d"¥2 37 AR
H&HE= AR £AE JeliE Chla 3= 3 AZ
st dl&sldd F, 379 F(YYE, &4 2830
2 4% MLP-PSO: 83l A= ge &

TN
SS
COD
DO

Temperature

Heigh

Surface area
Reservoir length
Circumference

Altitude

Catchment area

t

Input
layer

Hidden Hidden Output
layer 1 layer 2 layer

Fig. 3. Diagram of the MLP-PSO.
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Table 1. The discrimination of 290 agricultural reservoirs into five different categories of trophic states using discrimi-
nant function analysis (Rows: Observed classifications, Columns: Predicted classifications).

Predicted

Correct
Ultra- . Hyper- prediction (%)
oligotrophy Oligotrophy = Mesotrophy  Eutrophy eutrophy

Ultra-oligotrophy 0 0 1 1 0 0.0

Oligotrophy 0 2 13 13 1 6.9

Observed Mesotrophy 0 0 31 40 2 425
Eutrophy 0 2 12 96 9 80.7
Hyper-eutrophy 0 0 0 23 44 65.7

Total 0 4 57 173 56 59.8

| jl_l.

Correlation coefficient

Environmental variables

Fig. 4. Spearman rank correlation coefficients between
chlorophyll-a and 13 environmental variables in
the study reservoirs. The dotted line indicates
statistically significant level (p=0.05) (dark bar:
positive correlation coefficient, white bar: nega-
tive correlation coefficient).

b
th 7 $Q0AF fo] ME o F A 23] e
FHY 4+F HIAA Gbest (global best value)$} MLP-
PSO mdg B3 42 &g HAPY AAASE
23 Vel A4 2907) A 4A] 2w F 194 (A
o 287 ApA s 2HO o] ALgsiglon,
ol AMEEA] o2 PR 96 (AL 1/3)7] AR
gy 2do AZFe AM-3igTh MLP-PSO =42
Matlab (The Mathworks, 2001) 376 A] $-£5%= PSO
toolbox (Birge, 2003)2 A}-4-3}¢]o}.

1L A%A A5 54

ZAAE o)A Chl-a FEE o|384 42 <¢1x}¢] COD
gl TP} -2 oFo] AHAE Bg ot (47 r=0.66,
r=0.67, p<0.05), A% Fo] U nxol= &) AFRARA
2 149 (42 r=-0.60, r=—0.56, p<0.05) (Fig. 4). &
29 JFAE Je e AE TSI & o83k A
2907 5414 ApAY RS Hrkst A, Fodok
o|sle] AFAelE VEPA MR FHA 2907 A5A|
% 35.8% (104/NH= vjepd ubd, Bajok Aglg vepd
AR 41%(11971), o3k Aele 23.1% (67) 5 1}
Bl AR AR 64% o] Aol Hedoks Hlvhe A
& BoyZglc} (Fig. 5a). =3+ TSLpE E3F 244 A4
22 FFAeE I BN E FAF e o3}
AR = AA 2907 A=A 24.5% (T170)E Pl
om, Bejok Al o] ASAE 75.5% (21972 v
ey} (Fig. 5b).

WA EES o 60%E HPTH(Table 1), 2+ 1§
H A e ook 9 Fedok Aeirt 247 80.7%

£¥& Bk 28y Sk 9 Al
oFoF AelellME A7t 425% H 6.9%2 YA VelRgE
o ol o]E LFlM B2 AFAEe] AHIF A
2 &EH7] wolnt SEHEA A dFle] AHFE
AL AAE A3 A 1A £ IHAE 117602
Z Wel9 91.1%E AWty on, F WA 9 344
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Fig. 5. Classification of 290 agricultural reservoirs based on the Carlson’s trophic state index with chlrophyll-a

(TSIgy) (a) and with total phosphorus (TSIgp) (b).

Table 2. Standardized discriminant function coefficients
through the discrimination analysis of the re-
servoir trophic status with 12 environmental

variables.

Variable Axis 1 Axis 2
Altitude 0.119 0.188
Circumference 0.241 0.436
Reservoir length —-0.154 -0.676
Surface area —-0.351 0.668
Bank height 0.211 0.656
Bank length -0.025 -0.214
Temperature -0.124 —0.065
DO -0.446 0.446
COD -0.516 —-0.100
SS 0.285 -0.125
TN -0.117 -0.062
TP -0.395 0.556
Eigen value 1.176 0.059
Cum. proportion (%) 91.1 95.7

£ 0.0592 F Wl 46%F gl A WA =3}
F WA Fo] F WHolol| W3 96%F AF 3T (>-test,
p<0.05) (Fig. 6). AFEAd] 0}& 57 182 Bz 7}
A 23z ‘f”m“’o‘”“EH el 2Fe] R, 9
Fog g Hojoysly) 2] 7Pt 2 EFo JJr—r
= ‘/}F/}‘HL %] 23} (Fig. 6). "’\’4‘%
oYl E el 250 =285 AeAY 4=
o)A &3 AR AYsr]E ook ”-*/l
WM g F 7] YA Fexg A
F B4 2E3 ALE B8 veEE R WA Sl A
COD, DO, TP, 4 2] A2 A FeAL w

_l

6
> 4
w
(=)
=)
I
3 2 ..
B
g
&
@ 0
N
.2
& -2

-4

-8 -6 -4 -2 0 2 4

Axis 1 (Eigenvalue=1.176)
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Fig. 6. Canonical analysis after discriminant function
analysis for the discriminant analysis of the
reservoir trophic status with 12 environmental
variables.

om), £ HA Fel| M A 4pA] Aeol, A, At o],
TP 9] A2 A" F840] el (Table 2). &
g ApAY 1% F 2xE A Ay E3 F WA S
W3t Aoz Bt 7le=g B

3.Chl-a 5% 9%

MLP-PSO 2§ o]-8-sted 137} #7d<lAp Aol o}
2} Chla 358 o339tk MLP-PSO =22 2,000



oz z2d 17

Table 3. Comparison of prediction results with different model structures of MLP-PSO.

No. hidden layer(s)

Correlation coefficient

Variables* Gbest
and neurons Train Validation

. 3 0.021805 0.73005 0.83446

Single
) 5 0.020164 0.73282 0.83778
Double 3,5 0.025366 0.72972 0.84161
5,3 0.051263 0.73534 0.83836
Single 3 0.018207 0.75476 0.83071
2 & 5 0.20548 0.65264 0.76512
Double 3,5 0.68402 0.48154 0.51231
5,3 0.082414 0.74159 0.80683
) 3 0.023817 0.75206 0.83042

Single
i 5 0.29388 0.67247 0.75979
Double 3,5 0.40691 0.62292 0.67221
5,3 1.098 0.74888 0.82893

*6 variables: Temperature, DO, COD, SS, TN, TP; 12 variables: Altitude, Circumference, L-length, Surface area, Height, Length,
Temperature, DO, COD, SS, TN, TP; 13 variables: Catchment area, Altitude, Circumference, L-length, Surface area, Height, Length,

Temperature, DO, COD, SS, TN, TP

104

10?

Ghbest val.

10° \\“\.
T

-

0 500 1000 1500 2000

Iteration

Fig. 7. An example of the changes of Gbest for the train-
ing of the MLP-PSO model.

FEHlE-S Bale] pHEgon, O A 7 24004
HhE- 3ol olel Ghest Fho] ZFAs)led) (Fig. 7). Gbest
+= global error gradient= 32 Zk¥ o} k53l Gbest
Zhol oA wint A= AAlEW, 02} 273k Abel2]
AellM A

7+ 27114 8] MLP-PSO 29 F 39 35 7=
2925 AEsE7] 93] Gbest 33 153-& v|maigit)
Al 27 & 13719 3AAAE 2% ARE Hgel:
Gbest®] zke] w79 S0 FAglo] AAH o= %‘z‘“ﬂ] v+
Epske} (Table 3). W Chl-a %9} #23 AudAS

Relative importance (%)

Environmental variables

Fig. 8. Relative importance of 12 environmental vari-
ables for prediction of chlorophyll-a concentration
in MLP-PSO model (dark bar: positive contribu-
tion, white bar: negative contribution).

B3l 12719 3AAAE AMEERE 7359 6709 A<
Akg ARSERE A EF
$-ol] B]3l] W2 Ghest Ft& Beod Aoz 2 AHIA
+ By 53] 12719 FAAAE AL S
FHoz FAE Y 29FEA Gbestd] Fhe] 0.018207
2 7P oo, mald B3 o &Y w3 gE 27E
o W& =A Jebhdoh (&4 r=0.755, 2= r=0.831, p<
0.05). o] = 2ol 12718 FHE ARl T 24
Zo 3/ woz 7AH 123172 2de] 7H} &

&S Bk
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#|4A)2] Chl-a 5= ZAAo] & vAE= FAAA
9 A F_=E H7ks7] $)sle) MLP-PSO =9
T B2 58S ¥ 1231 72 299 wzts
BA& AAET 1 A3 CODY) 21.8%E. 7}AF =&
%9 71H=E Rylow, tgow o|3EH <lxlel TP
(16.1%), TN (14.6%), DO (13.6%) =02 %2 ofe] 7|
=28 BT (Fig. 8). W $25$834 A s
(10.1%) 2 AEo] (4.9%)E €9 7|9 =8 By

o F

B A7elME ASAL o)A, sty 3
AR} BAel whet ApR|2] o FAel S WEEA LT,
g MLP-PSO Ed & o]43le] x| 428 e}
Chl-a 5=Z d|&38l9gc}. Hwang et al. (2003)9) wl=
Syl A RB2e g8 AP =771 3 40
10m o|3h2, Ao 1 AHA] (>50)8 7z
S oleit ¥4e AeAe) £3% % =F3he <)
Sele Rpel e ASAE Rl S5
v 2R A iAdE Ax U (R §, 2004). £ A7
M= o]} FARSHAl Carlson (1977)2] Rejoks} A4
olgste] Sehtet g AR e How
23}, TSIppell A HodoF Ael} o]afe] A 4x] nlge
75.5%% vEhgon, TSIgy ol W 7|FEdME ojnr
oa w22 64.1%2 e (Fig. 5). $odoksl A48
B3 Al EEHIE AL 533 Havens (2000)9
Aol maH TSIgy <TSIpel 7$-oe de] opd o
£ 2900 272) 448 AVHE Ao F3T 4 9
e

ol

[

23

1

2l
138 A3 594 AR W 284 EF3E
Q9 ofe] ZIAEE o] Fo] TFH A9 dn
[ EAEFTESY 13 A=) 23 #dgo) 24
Ao 2 A} (Goldman et al., 1987; o] =, 2007).

ApA) e A AE 57 1FoB R oS 3
AR BAS a9 WEEMT A AA AR
< o 60%F BT 1 F Hojoksl olite] Aele
0% ool ¥ HMFEFE Hygov, Tk 9 W
Al M Beth o doF AuHlrl B2 Ae= sl
AgEol thas WA vehde. olsh 2ol uh wo o3
Holz BAE AL A A2AA Chlas) St
B} o ol sl dltie AE Mol Eoh 3
39 e og3td FEENE +UT Ash A W
A 23 R AA He Eele] wal AA 06%2) A
Qe mel 3JoF Ak 9HE 72 4 Aok AE

L

3

=N
A
A

. 2

27 - wady

Heo} (Fig. 6). E3] R W4 29 78R 117602
% WHolo A3 91%2] AWHE 7MW, 2ES} A5l
s A WA HelAe] WHALE k] A FoErs
COD, DO, TP2] %o 2 1}eldth(Table 2).

MLP-PSO do| A #4%]¢] Chla %+ IHEA
o] we} 2 of| &5 gt} (Table 3). MLP-PSO 282 MLP
o] HA37ge] d=Eql PSOE FL3d Aoz, PSO=
A2 @ 38]E(GA, genetic algorithm)3} 732 213}4]
AIHT FAME AY3 Qloh o) AlaEle] x7]¢)
499 HFTERADE AT, Az S 59 F
A 271¢ 2 Aol 28y GAsl: 2E PSOE
ot wele} 22 213bA] dake] glo] FAA s|Fwhal
AA7E AR sh ke FzHe gt 2ol g JHEIY
(Natarajan et al., 2007). PSO2] A2 Al A el 7FAA,
Axre] &AL, B AR gt HA S sE AT
4 AlvRe Aol w3 PSO: o2 84 Hol u|s)
T oHEYN 2 g2 HAHd =28 (Clercet
al., 2002). ¥ AF-ex MLP-PSO nd¢] ZHz} 127] &
ARJAAE AHEEE 12-3-1F2eM 71 2 d&5H e B
9l (Table 3), MLP-PSO 29¢] H7ts BAL X3
o] A$2)9] Chla $EF <3l # Slo] 37zt
Zoxg st A5 CODSY TP7} Z+7t 21.8%s}
16.1% 2 7}A =L ko] 7|22 Rgon, 3% T x|
Y Fole 29 7|9 =g Byt (Fig. 8). A Aleld
olggt AR fEjve} 538 ALAE oA £
A Ao met f3ststn pelSE d A=A Adr)
9} vl EA3 Bae ef al. (200718 A= X8}
ol ZA WellA =72 Aol 2 PEAL wosith=
WA & o, 2579 A2 FI1EA M 18-
9] AgE ojn)El= Zo2 COD x4 Chla 5=99]
2 AAE u|gig (o] F, 2003). £3 TP F=
F-ookgts AT 227 AR e M o
3 942 A83)v}= Smith et ol. (1987)8]) B y9lw o
gt g, B Aol A AeA] o AelE FrE 4
g PN A 3k RS A FeAde] ¥
A G, 1% 59 AAES AH o= Be Fo
=5 29o. 22y Chle & 229 3437 F9=
7t A3, o3k QIxMEYE olEr 3w 5] x|¥F
A QA=Y FeAel ¥4 Jebdw (Fig. 8). &, 17}
3, A9 Folrt & A9 AN Hoz I §9
2] EA] FHo] A Foz FAF Q7] wjiol] gk
FF FYel A, 57t ol AR oz Foofsir)
AA Dol Aoz o) o)2g A AHPXA
FA o] AR FH Ex| I Y o]fo) IA L
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