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Water Quality Simulation and Forecast in the Nakdong River
Using WASP 7.2 and Artificial Neural Network Model

Jung Min Chloi

Department of Civil Engineering, The Graduate School,
Pukyong National University

Abstract

Mulgeum, a downstream area in the Nakdong River, is exceeding in its
standard of eutrophication during almost period of 2003~2005. This study
1s to simulate and predict the eutrophication of Mulgeum through WASP
7.2 model. For the simulation of eutrophication, the observed number of
zooplankton is inputted and the result is compared with the observed
results. And, through the Artificial Neural Network model, the zooplankton
number is forecasted, and then the short term change of water quality is
forecasted by inputting the air temperature data from the meteorological
administration. As a result of the statistical analysis, the PBIAS of
simulation by inputting the death rate of phytoplankton was -39.95 % and
the PBIAS of simulation by inputting the number of zooplankton was 18.87
9%. The simulation by inputting the number of zooplankton turned out more
similar to the observed value. While the observed value of 2005 was fixed
as initial condition, the number of zooplankton was forecasted through the
Artificial neural network model by inputting DO, NOs;-N, PO4,—P, and air
temperature data. Then, the short term change of water quality after 1~3
days was forecasted by inputting the air temperature from the

meteorological administration instead of water temperature.
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As a result of forecast, the eutrophic materials in the water quality items
such as Chlorophyll-A, total Nitrogen, and total Phosphorus were always
simulated as appropriate to the observed values during the forecast period.
It is considered that the water quality simulation by inputting the observed
data in the water quality items, the forecasted zooplankton number, and air
temperature data from the meteorological administration into WASP 7.2

model will be meaningful water quality forecast in the Nakdong River.
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¥ 22 AxT FAERYANA ¥ 20S 34 (Ambrose 5, 1996)
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2.2 WASP(Water Quality Analysis Simulation Program)
g9 o
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NO

L 'y
NH, v
J| PHYT
(as carbon)
FKLL
s CBOD Ay L
45 S 1<
DO

Sediment Atmocs)ohere
v

a9 2.1 Eutrophication ¥ E3oA FAEZAIS A3 3L
(Ambrose &, 2004)
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¥ 2.3 Eutrophication ¥ 23 ¢ EZ =% +AFE (24U 3], 1999)

System Use in complexity level
Symbol Name
number 1 2 3 4 5 6
1 NH;, Ammonia nitrogen O] O] O] O] O
2 NOs Nitrate nitrogen O] O] O] O
3 PO4 Inorganic phosphorus O] O] O
4 CHL Phytoplankton carbon O] O] O
5 CBOD Carbonaceous BOD O, o] 0| 0] 0O|O
6 DO Dissolved oxygen oO]O] O] O] O] O
7 ON Organic nitrogen O] O] O] O
8 0] Organic phosphorus O] O] O
Complexity level Explanation
1 "Streeter—Phelps” BOD-DO with SOD
2 "Modified Streeter—Phelps” with NBOD
3 Linear DO balance with nitrification
4 Simple eutrophication
5 Intermediate eutrophication
6 Intermediate eutrophication with benthos

Eros nge ewuaAy dsgAdden TAEE deugas
link-node 71"l 2384 af Aot

(1) =542

oU oU

—=——%0a, t«a +Oz, (21)

at ox 9 T Tw

A7IA, vE FESI WE FH/s), 25 FES WE A(m), ti=
A Z(sec), a,= FTH7FEE(m/sec), o PFE7FE E(m/sed), o, B

ol o]3 S It = (m/sec?)o] T

-12 -



[e)

L

(2.2)

(mass balance equation)

% (m?/sec) o] t}.

-

1

714, A SEH(m?), Q
222 AFRE WA

) ™ =8 N ,Loﬂ
[aN] o % - e
= N S z, mﬁ. mm,
< Some AR B W
we Mo 3 ot
Ot N E o
T 5 . M -
0 = _Wo 2l No 4o
= S °
X Mo @\ o
g B
¥ A 5 9 &
B3 XV
3 PRI N
=~ &0 = /m P
N g R = g ™
i 2|8 SIS I
= B . o oy 2D &
— . G I |
5 ? 5
o AN E g o+ i
" - A1 . o|
T 8 i b Ar TR o= -
« 7 RS =) g o—u o,ﬂ 0 .| N
o) _ &S 7 & H R m M
sl = AL 0
o (NS IR B
_nJO U A > .H_O n ;OU ~ IVNH
: i(y ® N < e =
0 _ o«
> o 3|8 + P Exo® T
o = S of ™ & ¥ H iy
o - T + RS o
™ |8 |8 [T R i
oo _ + o+ ST - S N X
- I -z Y M
o & @) £3 00 o
o R 3k S Al
O TN R A R
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(2.4)

)+ A(Sp+ Sp)+ ASy

ox

12C

- vacts,

0
0

2 (24)¢F 2

(40)

[e)

L

(2.3)
R
ot
(1) &4 =% = E(phytoplankton)

™

fite)
N
Njo

o

"o

X7

X

e
=)
B
4

(2.5)

os v Blmg C/L), Gp 2 2

FAE

B

]

Uz

i

@] (phytoplankton phosphorus)

B4 Z93E A5 % (m/day), DE A9 Zol(m)o]th.
=

24 532

]

A
o

el

DELE

]
ze]

i

—

<
™

<
B

o

(2.5)°ll A

Al
2

H 318 (phosphorus

]

to carbon ratio) ap.(mg P/mg C)Z

% (mg C/L)7} @}
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S
—D4 C4aPC (26)
(3) &4 =93 E 4 A (phytoplankton nitrogen)
A= FFAEY 9 TS nsbAE A (25)0dA BAR FEA

H AEAd EHAEY #ZA W& (nitrogen to carbon ratio) aye

(mg N/mg C)2 eld Zo] AEA ZgaE A2 ¥%(mg C/L)7}
Cl=y

8(Cax C) S

#: GPI—DPI—T4 Ciaye (2.7)

(4) 7121 (organic phosphorus)
719 T2 AEA ZFIAEY 4£Fo o3 F7Msla, #7199

slsh WA ol g,

)
4
74

M

04 N VS3(1_fD8)
KH,PC—"_Cl 5 D

7

= DpCiapefop— ks‘zesT &

Cq (2.8)

A71M, G 71919 % E(mg P/L), fop= Chl-a®] AHA7F §7]02
Aate H &, kyo 20 ColA &8 £71319) 7FFEa&(day 1), Oy

SERAAF, Vye §7189

il

A4 (m/day), fpee &3l71919] H]

o~

&, K, poo ¢ 380G A Hd AEY SZFAEFE #3 vxsy
Z~(half saturation constant for phytoplankton limitation of phosphorus

recycle, mg C/L)o]t}
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(5) <14k 21(PO4—P, orthophosphate phosphorus)

o mE 47190 AsRael od Frhew, 484

o

>
[40
il
o
H

G

- = DPlaP(‘( ng)C4+k33 o 20)m

Cy — Gpy Chape (2.9)

A71A, G2 AN F=(mg P/L), fpe FAWE] QAE Q19 g o]

(6) 7] A (organic nitrogen)

F71d4e FoE AEA EHIAEY 4234 93 F7ksH, f71284
o sgash WAl oa garh

aC; T=20) C, Viss(1— for)

ot DpiaycfonCy— k719 G G — D G (2.10)

3714, G2 f71d A9 s%(mg N/L), [0, 2EXZAATF, fors

W

7N1d 4 MR AHANA HeA SZFIE AE-TF ¥, k2 20 CollA

FNA2Y MR & (day ), fpre FAU £ 71849 vl gelth
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(7) fEyed d4(NH3-N)

le) - G
?: DPlaNC<1 _fON>Q1 + k710(71T " m)C7
CCoa CP C ok 0(T*20) L)C (21D
P1YNCt NH3 Y4 12Y12 KNIT"'—CG 1

714, C& dEYo Hi(mg N/L), Pype 284 ZdaE ¢
Yol Aa FYHEE, k' 20 CollA A8 & (day ), 0, 2%
BAAS, G 3429 FE(mg O,/L), Kyre Aisk FA9 Ho
Mmool B3 wbE A (mg O,/L)o]

A, Py AL A (212)8F 2t

Pyys = C. & - M i (2.12)

NS ! (KmN+Ol>(KmN+CQ) : (Cl+02)(KmN+CQ> ‘

o] 714, G NO3-N9 s%(mg N/L), K, > Hdl skl digh v

3¢ (mg N/L)o] T},

kd
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(8) A4 A&NO;N)
NO&Ne| HmE gmuebydas] Aistel os Frbsta, 484y

A= 4T NOs-No| 2ditstel] ofsf Aot

oG,
?_ k120§2 20) NIT+C )C GPlaNc(l PNHB)C
. (T—20) NO3 21
oty e |G (2.13)
A7, ky, £ 20 Cold 22s&(day '), Ky, © 23749

CBODY sEv AEA4 ZZaES &dd os S7istal, CBODY

BC% aOCleal I{;DQ(DJL e Cé t VS3(1 4 fDr)) 5
ot Koop+ C, D ’
5 32 T—20) KNOS
_ 224 2.14
114 bob Kyos + G, £ 219

o]714, ¢ & CBOD%¥%(mg O,/L), kp & AEA ZHaE

Lo

&
(day ), ape & 29 A2 W3 (mg 0,/mg C), kp = 20 CollA &
Mg (day ), 0pE SERAASF, Kyppe AW Atrsxo #A3 bty

st (mg 0,/L), fpe FAUWS] &3] CBODO H]&o|t}.
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(10) &=~k (dissolved oxygen)

T 1o

BCES Cé
— =k C C —k 0(T72O) '
ot 2( S 6) d” d }—(BOD_ch6
64, a0 G ) SOD
14 12712 KNIT+ CE; 1 D s
32, 48 14 2w
+ Gpl(ﬁ-f— ﬁﬁ(l_PNHz))CZ— EklRelR C, (2.15)

(mg O,/L), k; & 20 ColX AEANAS

SERAAS, O ¥3} §E44 FE(mg 0,/L), SOD

-2 (mg/m?/day) o] t}.

_19_



2.3 A7 9 (Artificial Neural Network) 23 ¢ o] &

do] A= McCulloch® Pitts(1943)] ¢ afjA] A 2b= ¢ oh

OB dzte] F¥E FWE NAMEESR o Fojd AFEHeL Hole

Hebb®] &5 7132 F 78 Alol9 A =(weigh)E =HE +
= #Hzxel A olArHHebb, 1949). o] Tt Bhsyel #3 AFE 2
AFom AEAQ AAY Aol B IS FATH

Rosenblatte 3 4l E = (perceptron)o} @ #H =2 A4W »ndS WE3

R

Azl Latdet A S ARSskT HAEZ tE
5

Fom dg X

ole

HAEZI o] stue] Z A ZF(single-adjustable layer)o. = A%
=

2gee] AdE il 9 =93, 29 & ) B I o)

24 Z(hidden layer) & 22 M2 R Eo] 1980t FHko] Aoty Sl
o E3] PDP(Parallel Distributed Processing) Lol 23 2% w2



AT77F dJtHRumelhart %5, 1986). ©] LA #A¢ts wde

rlo
1T
o[)lr

¥ oA dH(back-propagation) 3t diEES Ao zH AT

wARY ofel g 744 EARESS AAY

M
i)

N

A= AVIE w4

off
-/
22

nt

T wep 27t A g
(supervised learning) %% ¥} A}&3F<5(unsupervised learning) =& o =

Yol e,

Meural net classifiers for fixed patterns

Binary Input | Continuous-valued input
Supervised Unsupervised Supervised Unsupervised
Y
Hopfield Hamming Carpenter/ Multi-layer Kehonen
net net Grossberg Ratcepian perceptron self-organizing SONH

a9 22 149 HEE A

%
)
o
)
L
i

=2
T
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2.3.3 t+= H A E & (muti-layer perceptron)®d S H 3 &g

(back—propagation algorithm)

FPst= I @yt &are] = (back-propagation algorithm)S A =<5 o7
g 2= (input data)®t 2= EF2 A= (output

data)2 T A (™ 2.3).

Input layer Hidden layer Output layer

&
oy
rlo
i
Y
rie
L)
=
s
a
o
(o
ol
ol
rlr
rie
L)
o,
s
a
=
lo,
o
4
Y
o
:,N:
8
(@)
Q
5
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square error)E =97

I

3

2 waske] ol
319]

et 71 gk

=
=

o
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fite)
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il
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=

o
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il

W
Ny

_z_o

ol

A, ey

ol ola) A2
D& ARSI 9

#E5el

o g T A ()¢

_z_o

;OL

22 2~ € (logistic) a2 A&

1
14+exp(—\ « NET)

(2.16)

F(NET)=

o)
_z_o

=9

)

123

& AFE VN, NETE 243

3
=

TAR Fdt) o5 =

(2.17)

Z Lp,iVji
1

— f(
O, n=1f (X}Z 7.7%7)

ZpJ

(2.18)

B

Z vEqad

o

1 H

N
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kold siEl poll th&shs H3x ghel a3
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(2.19)
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3. WASPE R & o] 8% 22

S EEEVEERINEEL IS

311 #E R AR A
WASPE el AbgE 8 ZAAALS 29 3138 2o G453 27/ 7

A A, AFe w24, -, F4, 3, 2FEE £Feta ok

Y 31 AR ZAAFH
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312 4¥ARE +=
(1) +3re] #+3

Al FAR) YATRE FERFEF(B~TEL 759 AR
}

ol
fol
)
2
oldh
o\l
L
)
1)
o
)
o
Hd
ot
ro
of
\1
N\
)
o,
w N
=~
7z
(¢
i
8
(@)
]
o
|o

2 gAdstler 3ol Wyt dol= oF 3.8 kmoltH (1|

Waegwan
1.02 km

Nakdong 1
4.67 km

Nakdong 2

4.66 km

Nakdong 3
10.02 km

Nakdong 4
5.08 km

Junction_Geumho Geumho 7 Geumho 6 Geumho 5 Geumho 4 Geumho 3 Geumho 2 Geumho 1 Geumho
1.02 km 1.50 km 5.00 km 5.00 km 5.00 km 4.65 km 3.35 km 3.50 km 1.00 km

Nakdong 5
5.22 km

Nakdong 6
5.26 km

Nakdong 7
5.05 km

Goryeong
1.05 km

Nakdong 8
5.77 km

Nakdong 9
4.64 km

Nakdong 10
5.21 km

Nakdong 11
4.99 km

Nakdong 12
5.36 km

Nakdong 13
4.29 km

‘ Junction_Hoecheon ‘ Hoecheon 2| [ Hoecheon 1 Hoecheon
1.59 km 1.20 km 1.01 km 1.82 km

Nakdong 14
3.56 km
Junction_Hwang H Hwang 2 Hwang 1 Hwang
.86 km

4.86 k 4.00 km H 1.01 km H 1.82 km

Jeokpo
1.01 km

[ ] +=zanz

a¥ 3.2 B9 779 BYx
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Jeokpo
1.01 km

Nakdong 15
5.19 km

Nakdong 16
9.99 km

Nakdong 17
4.93 km

Junction_Nam Nam 6 Nam 5 Nam 4 Nam 3 Nam 2 Nam 1 Nam
1.38 km 1.43 km 5.21 km 4.93 km 4.91 km 5.40 km 4.05 km 1.02 km
Nakdong 18
1.99 km

Nakdong 19
4.23 km

Nakdong 20
5.05 km

Nakdong 21
4.53 km

Nakdong 22
9.30 km

Nakdong 23
4.55 km

Nakdong 24
4.86 km

Junction_Milyang Milyang 4 Milyang 3 Milyang 2 Milyang 1 Milyang
1.22 km 1.16 km 5.03 km 5.61 km 5.06 km 1.18 km

Nakdong 25
3.23 km

Nakdong 26
3.64 km

Nakdong 27
5.02 km

Nakdong 28
4.08 km

Mulgeum
1.09 km

Nakdong 29
2.95 km

Nakdong 30
4.19 km

Nakdong 31
4.14 km

Nakdong 32
4.65 km

Nakdong 33

5.24 km l:l A

Nakdong 34
4.97 km

N
Il

AXIE

Ml

Haguduk
1.16 km

a¥ 32 B9 739 BEHE (AF)
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(2) &A=

WASP Rojo] AR5 F9-fd dAl= 937 AL B (FAHEY
Al, 2003~2005)¢] #=F
2005)¢] FAAEES AFEste] UER AL
A AAS £ 313 2

Stage (M)
|
X

Waegwan

| 1
1

10 100 1000 10000
Discharge (m?3/s)

Stage (M)

Geumho River

1 T T T

1 10 100 1000)
Discharge (m?3/s)

a9 33 4E% BF % AR £9-5% I
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Stage (M)

10 —

Hwang River

N

100 1000 10000
Discharge (m?d/s)

Stage (M)

Nam River

\\\\\‘ \\\\\‘ \\\\‘
100 1000 10000

Discharge (m3/s)

33984 £F R A7 #4-7%F T4 (A=)
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E 31933 BF L AR £9-73 4

A A 59 S A
= 162.783h° — 1191.88R>
h<3 @
+2943.39h — 2374.36
o 7
=6. h? +16.1535h
S h10 Q=6.37886 6.1535
— 45.7564h — 41.6969
= 38.9215h° — 177.7483h°
<99 Q=38.9215 77.7483
+267.420h — 131.176
=357
=—50.1868%* + 586.726h>
99 < hes Q=—"50.1868h° + 586.726
—1830.13h + 1732.37
=—3.34202h° + 82.2149h>
v Q=—3.34202h° +8 9
— 150.256h + 67.0698
37
h<5 Q=2731.35In(h)— 3492.86
freyl Q= 4.34013exp(1.86658h)
4%
= 37.5523h% — 19.6055h
1<h<10 ¢
+12.3685
h < 3.85 Q=30.5455In(h) — 36.5416
= 1827.45h° — 22440.90h°
G| 3.85 < h < 4.337 @
+91852.5h — 125282
4.337 < h Q=59.0989In (k) — 30.1089
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(3) 54 2 A
WASP 2o e $A48E J53 2AAR 8744 543

23 Fes gEsiglon, 7ARE(7]14, 2003~2005)E FAA]

e
>~
Do
ot

©
N
o
s
A
L)
i,

Q
i
td
ol
=2
A
L)
i,
rlr
n
i
0%t
S
=
N
o
_|>i
b
rlr

3E 329 #Z

¥ 3.2 WASPEZ 485+ &3 4 7[4A=

kiR 9
Chl-a ug/L
DO mg/L
BOD mg/L
NOs-N mg/L
NH;~N mg/L
Organic-N mg/ L
PO4 P mg/L
Organic-P mg/ L
T3 2
AALF g - cal/cm®
Ax& 2k
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4) FeA5
o7kl A g FeA ASE dgsAY f% 45 2 5
NARE IRt FaA Hed odd FeARE AZAEE o

gAY FeRY e ol gstel THT £A weld By &

ftlo
s
oo
rol
iR
&
il
o
=
4
1%
_0|L
32
=

V=aQ" (3.1)

D=cQ" (3.2)

B=eQ’ (3.3)
Q=Ve+A=V+ D+ B=(aQ") + (cQ’) « (eQ’)

=(a*csoe)@Ti! (3.4)

od71M, Ve BiEFSE(m/sec), D= BoFd(m), B Hd8Z(m), Q

E f#F(m’/sec), o= FHAFEA), b= FEAFCEAL)
AF(FA9), de FAAFEALD), e AT (FA), f= AT
(F-25D)e] ok,

A BANA (a=cee)d btd+fi 1o Tk
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E 33 299 AHEE 73 FIAF
segment

No. name a b c d

1 Waegwan 0.1277 0.2968 0.0579 0.5490
2 Nakdong 1 0.1059 0.3254 0.0899 0.4704
3 Nakdong 2 0.1097 0.3265 0.0857 0.4531
4 Nakdong 3 0.0746 0.4535 0.1724 0.3081
5 Geumho 0.2497 0.3041 0.0441 0.5621
6 Geumho 1 0.2421 0.2622 0.0364 0.6085
7 Geumho 2 0.3630 0.3149 0.0315 0.4850
8 Geumho 3 0.3540 0.3210 0.0216 0.4990
9 Geumho 4 0.2418 0.3671 0.0233 0.5940
10 Geumho 5 0.2150 0.5870 0.0278 0.3713
11 Geumho 6 0.0119 0.7694 0.5817 0.2115
12 Nakdong 4 0.0217 0.6231 0.7875 0.1527
13 Neumho 7 0.4479 0.4472 0.0443 0.3946
14 Junction_geumho 0.4130 0.4039 0.0486 0.2626
15 Nakdong 5 0.4047 0.4718 0.0232 0.2221
16 Nakdong 6 0.0074 0.7245 0.9595 0.1342
17 Nakdong 7 0.0271 0.5315 0.2169 0.3490
18 Goryeong 0.0256 0.4936 0.1397 0.4114
19 Nakdong 8 0.0462 0.4382 0.1134 0.3042
20 Nakdong 9 0.2681 0.2748 0.0353 0.4511
21 Nakdong 10 0.2275 0.5963 0.0323 0.3243
22 Nakdong 11 0.4597 0.5234 0.0228 0.3300
23 Nakdong 12 0.4597 0.4845 0.0128 0.3638
24 Hoecheon 0.1548 0.3416 0.1409 0.3899
25 Hoecheon 1 0.1482 0.3624 0.2973 0.4011
26 Nakdong 13 0.0101 0.6781 0.4914 0.1575
27 Hoecheon 2 0.4431 0.2762 0.1266 0.4571
28 Junction_hoecheon | 0.0098 0.7051 0.5943 0.1369
29 Hwang 0.4588 0.3284 0.0349 0.5496
30 Hwang 1 0.4136 0.5652 0.0621 0.2813
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® 3.3 299 AHEE T FgAs (AF)

segment

No. name a b c d

31 Nakdong 14 0.0302 0.6660 0.2397 0.1547
32 Hwang 2 0.0453 0.7987 0.5552 0.0634
33 Junction_hwang 0.0316 0.6133 0.2493 0.2180
34 Jeokpo 0.0169 0.6401 0.3962 0.2463
35 Nakdong 15 0.0738 0.3823 0.1847 0.3193
36 Nakdong 16 0.0888 0.3541 0.2742 0.3119
37 Nam 0.1310 0.2873 0.0858 0.5268
38 Nam 1 0.1082 0.2965 0.1004 0.5075
39 Nam 2 0.1650 0.2536 0.1092 0.4297
40 Nam 3 0.1913 0.2196 0.1998 0.3379
41 Nam 4 0.1233 0.2996 0.1613 0.3599
42 Nam 5 0.4328 0.2008 0.0463 0.5207
43 Nakdong 17 0.0916 0.4285 0.3421 0.2669
44 Nam 6 0.4203 0.3021 0.0446 0.4839
45 Junction_nam 0.0628 0.6431 0.1785 0.1611
46 Nakdong 18 0.1407 0.5112 0.0710 0.2730
47 Namji 0.3294 0.1428 0.0675 0.5121
48 Nakdong 19 0.1933 0.4377 0.0699 0.3367
49 Nakdong 20 0.0069 0.7486 1..104 0.1557
50 Nakdong 21 0.0078 0.7180 0.7745 0.1910
51 Nakdong 22 0.0068 0.7261 1.2889 0.0461
52 Hanam 0.0052 0.8173 4.7401 0.1606
53 Nakdong 23 0.0041 0.7087 1.6318 0.1003
54 Mmilyang 0.5460 0.1559 0.0582 0.4185
55 Milyang 1 0.5080 0.4909 0.1101 0.2479
56 Milyang 2 0.0225 0.9707 0.5158 0.0058
57 Milyang 3 0.0046 0.9784 1.4935 0.0151
58 Nakdong 24 0.0015 0.9639 1.6591 0.0144
59 Milyang 4 0.0037 0.9816 1.4075 0.0144
60 Junction_milyang 0.0007 0.9466 3.6266 0.0161
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® 3.3 299 AHEE T FgAs (AF)

segment

No. name a b c d

61 Nakdong 25 0.0009 0.9502 2.9962 0.0117
62 Nakdong 26 0.0008 0.9790 3.2503 0.0124
63 Nakdong 27 0.0007 0.9846 5.9063 0.0093
64 Nakdong 28 0.0006 0.9817 42972 0.0172
65 Mulgeum 0.0007 0.9845 3.4335 0.0062
66 Nakdong 29 0.0007 0.9882 4.3745 0.0020
67 Nakdong 30 0.0004 0.9878 4.0860 0.0104
68 Nakdong 31 0.0004 0.9864 3.8815 0.0126
69 Nakdong 32 0.0004 0.9881 4.4560 0.0052
70 Nakdong 33 0.0004 0.9908 5.7492 0.0013
71 Nakdong 34 0.0003 0.9915 45188 0.0068
72 Haguduk 0.0003 0.9915 3.9537 0.0079
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3.1.3 ‘%‘%/ﬁ %%’ﬂ%lﬂ]— /}_}%/\é %%2%94 _Tr{]__ﬁ]
WASPE o2 ®eo| & w A4 #=49 Chl-as A A3 Rstr] ¢

ol

ol T84 EHAEY MATE dYstden, d8Hd A Fo=2+=
752l Bosmina deitersi, Bosmina longirostris, 2.7}
copepodids”}t AT % 34+ TEA THIAEY HEAY EFAAES A

E Ueil= =v A4 9 A4 stk

® 34 29 A3 8 ¥ A4 E (Kim 5, 2000)

M F SFR (ml/animal - day)
Asplanchna priodonta 0.185%0.210
Brachionus angularis 0.052+0.041
Brachionus calyciflorus 0.597+0.827
Brachionus quadridentatus 0.153+0.178
Brachionus rubens 0.029+0.015
Colurella obtusa not found
Conochiloides dossuarius not found
o = = Filinia longiseta 0.035+0.037
e Hexarthra mira 0.210+0.154
Keratella cochlearis 0.001+0.001
Keratella valga 0.002+0.001
Lecane spp. 0.001+0.001
Monostyla bulla 0.001+0.001
Polyarthra spp. 0.111+0.057
Synchaeta oblonga 0.045=0.002
Trichocerca spp. 0.010£0.009
Bosmina deitersi 0.057+0.045
Bosmina longirostris 0.157+0.297
A 2} 5 Daphnia longispina galeata 0.257+0.375
Diaphanosoma brachyurum 0.453+0.275
Moina sp. 0.101£0.153
aze Cyclops copepodids 0.258+0.210
Nauplii 0.101+0.125
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3.1.4 WASPE g 9] /iS4 3

g H NS FHE A

O(“){zl
B
to
)

o2 FAstom, WASP oo
A BAgE e didag ge ® 359 YEhWith & 355 7w
Fol sk A HAdighd Hagks A eH, o] g MHE W
o] A= #t2 Bowie 5(1985)°] AAIgF Huf - HAghS AME-3SSAT

¥ 35 WASPEE 9] /iS4 =3

Constants Value | Min. | Max.
Ammonia

Nitrification rate @20°C 0.13 0 10
Nitrification temperature coefficient 1.08 0 10.7

Half Saturation: nitrification oxygen limit 0.5 0 2

Nitrate

Denitrification rate @20C 0.09 0 0.09
Denitrification temperature coefficient 1.04 0 1.04

Half saturaturation: denitrification oxygen limit 0.1 0 0

Organic nitrogen

Dissolved organic nitrogen mineralizaion rate
@20c

0.075 0 1.08

Dissolved organic nitrogen mineralizaion rate
@20c 1.08 0 1.08

temperature coefficient

Organic nitrogen decay in sediments 0.0004 0 0.0004

Organic nitrogen decay in sediments
1.08 0 1.08

temperature coefficient
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® 3.5 WASPER 9 w4y =4 (A

4

)

Constants Value | Min. | Max.
Cholorophyll-a
Phytoplankton maximum growth rate @20C 5 0 3
Phytoplankton growth temperture coefficient 1.041 0 1.07
Phytoplankton light formulation switch 1 1 0
(1=Steele, 2=Smith)
Phytoplankton carbon: chlorophyll ratio 50 0 200
Phytoplankton optimal light saturation 350 0 350
Phytoplankton half-saturation constant for
nitrogen 0.001 0 0.05
Phytoplankton half-saturation constant for
shosphorus 0.005 0 0.05
Phytoplankton endgz;)r:gus respiration rate 002 0 05
Phytoplankton respiration temperature
viep Coef?idem 4 1045 | 0 | 108
Phytoplankton zooplankton grazing rate
o COl’?Stéll’lt 1 ’ e y >
Phytoplankton phosphorus: carbon ratio 0.001 0 0.24
Phytoplankton nitrogen: carbon ratio 0.001 0 0.43
Dissolved oxygen
Calc reaeration option (0=Covar, 1=0’Connor, Y 0 4
2=0wens, 3=Churchill, 4=Tsivoglou)
Global reaeration rate at 20C, per day 10 0 10
Theta —- reaeration temperature correction 1.03 0 1.03
Oxygen: carbon stoichiometeric ratio 2.67 0 2.67
BODI1 (ultimate)
BOD (1) decay rate @20C 0.001 0 56
BOD (1) decay rate temperature correction 1.047 0 1.07
BOD (1) half saturation oxygen limit 05 0 05
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3~2005)E AH&-aFdtt.

321 289 BA

WASPE 39l ®AgL2 20039 19 1¥HH 20039 12¢€ 15¢71A] &t
o 2ol R chl-aZ SAHoRE dgoen, Rotay ¥4
747 1d 2 mojatt By HAANE 17 34~3132% e
AlZre| w2 Bo)AnE Hlasly] 948 Gupta 5(1999)°] AA g 471
TAFoE HIte AT (GE 36).

EA S AFZ Hit 22 (root mean square error; RMSE), 33 H=xl
9] H]&(percent bias; PBIAS), Nash-Sutcliffe ZT&4 XA
(Nash-Sutcliffe efficiency; NSE), A& E& S84 X5 (persistance

model efficiency; PME)o|t}. 7%k #AlE 22 o33 72},

RMSE= \/1/NZ ( sim __ 01)9) (35)
t=1
PBIAS= Z (¢ —g™™)/ Z 100 % (3.6)
t=1 t=1
N N 9
NSE=1— Z ( sim __ q:bs) Z} ( 0bs qmean) (37)

t=1
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0bs
t—1

(3.8)

P55 = (ug/L,

NSE¢} PME: -3

(pg/L, mg/L),

0bs 1
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E 36 29 BP9 A& sy A FAF

FHgE RMSE PBIAS NSE PME
Chl-a 2355 2.70 0.558 0.755
DO 0.94 2.28 0.871 0.948
BOD 0.68 -5.85 0.303 0.695
NH,-N 0.14 -47.43 0.399 0.082
NO3;-N 0.38 -2.61 0.394 0.827
Organic-N 0.14 =284 0.898 0.933
Total-N 0.39 719 0.601 0.888
PO, P 0.03 -36.46 0.225 0.157
Organic-P 0.04 5.61 0.156 -0.027
Total-P 0.05 -22.93 0.297 0.526
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(1) Chl-a

Chl-a®] #=3ka Rojzts vlwgt Ay 19 349 2o 14, 2¢,
3}

1290 A9 584 TPaE] PIHA wgky] wie] Bz e
Aoz AZbAT YA 7zke] A9 9
239 wolgrol MsalA mHAY. dZeAe 3

ghel Aolzt wrh =l v
; Z73}9] RMSES

235501, PBIAS+ 27 %= #=5# R 2HA 2= Ak NSE+ 0.588

o] i, PME: 07552 XL gko] #=3to] 243 =

(2) DO

e]
d A%

RMSE+ 0.94, PBIAS+ 228 %, NSE¢ PME+ 0.588, 0.755%2 X7
Aol A7hSH, B3] AAeA melHTt

DO #5atat Bojgls wag A= a7 359 2. DO?
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Chl-a (ng/L)

180

160

a Observed
Computed

140

120

60

40

20

0

01/01/03
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\ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \
05/01/03  06/30/03  08/29/03  10/28/03  12/27/03

Time (mm/dd/yy)

19 34 =59 Chl-a #5383 Eg va(2F 9 BH)

16 —
| =
14 —
af %.p
12 —
-
N o
\M
10 — \
VAN
N o M e
8 | =] V\,\/fﬂ
o o o Observed a) 4
B Computed
© R ™ | -
01/01/03  03/02/03  05/01/03  06/30/03  08/29/03  10/28/03  12/27/03

Time (mm/dd/yy)

19 35 99 DO #5#F Eg nHla(Rge BA)

_43_



(3) BOD

BOD®] #Z5#ka Eoghs wug A¥d= 19 363 2t RMSEE
0.68%2 0°l 717b% Fkolth. PME+: 0.695°]11, PBIASE 585 %2 o=
R HyaHom A RolH it NSEx 030309, 1299 =gyt
THEghe] oA wiiel] A AFE Aoz welt)

(4) NH,~N

NH4-No| #3533 2ogts vlaugt Ay 19 373 2ttt RMSE+®
0147 HA gkl 0o 7FgA vk PBIASE -4743 %= #=Eth =2
2o E Atk NHNS S48 o Hi5s ALE35te] SA57] wio A=
7F A ddE ¢ dvk 2922 AT o QA7F et low gz

Ht}h NSEE= 0.3990] 12, PMEE 0.0822 A7kl 0o 7}7ksith.
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BOD (mg/L)

0

a Observed
Computed

01/01/03

03/02/03

\ ‘ \ ‘ \ ‘ \ ‘ \
05/01/03  06/30/03  08/29/03  10/28/03  12/27/03

Time (mm/dd/yy)

19 36 =59 BOD #=#3 Eg Ala(EY9 BA)

NH,-N (mg/L)

06 —
i o o o Observed
Computed
05 —
04 —
03 — J\
WAy
02 — |
b, | /
| I
01 — a \/\\M (\/\/
o M
7 = ] g O a o
[ a (=]
0 T I T T T
\ \ \ \ \ \
01/01/03  03/02/03  05/01/03 06/30/03 08/29/03 10/28/03 12/27/03

Time (mm/dd/yy)

19 37 =99 NHs-N 3583 2% va(RF 9 BF)
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(5) NOs-N

NOs;-N¢| #3373 2ojghs wlug A= 17 383 2t RMSE+
0.38, PBIAS: -261 %, PME:= 082701, & gkol 7hA 2ol ).
NSE7Z} 0.39491 A& #Z3ka meoghe] o)zt A7 witolt}

(6) Organic-N

Organic-N¢| #=zk3 Rogs vlugt ZAy= 17 399 #2r)
Organic-N2 X3¢ HAGA DOt A 7Hd 2 2od &5 F s
o]t} RMSE& 0.38, NSE+ 0.898, PME+ 0.933°]t}. PBIASE -12.34
%= ASHET g A ZHAT
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45 —

o o o Observed
Computed

w
)

w

NO;N (mg/L)

N
)

L I e e e
01/01/03 03/02/03 05/01/03 06/30/03 08/29/03 10/28/03 12/27/03

Time (mm/dd/yy)

19 38 =99 NO3-N #5¢%3% 2ozt vla(Eg e BH)

27
-] o =@ Observed
] a —— Computed
1.6 —
5 )
\
31.2— j
Z B N
d / o
C 08—
§> 1 |
0.41\/\/ fﬁ\”
| @9 5!
0 — T T = LAl == T

01/01/03 03/02/03 05/01/03 06/30/03 08/29/03 10/28/03 12/27/03

Time (mm/dd/yy)

a9 3.9 EF9 Organic-N #=g3 2o g nu(2g 9 BHA)
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(7) Total-N

Total-No| #5533 2ogks vlug Ay= 139 3103 2ok A
ow 3¥3 8¥e Eogte] #HFI Aolrb Zu RMSEx 0.39,
PBIAS+ -7.15 %, NSE+ 0.601, PME+ 0838382 #=3tol] A 4dsA =
o] = ot

(8) PO+ P

PO,-Pol #5337 Rogs vlug A3+ 19 3113 2t RMSE
= 00322 HAgEQ 0 /AT NSE®F PMEE 0.225, 0.1572 &4
groll 7P A 2o . PBIASE -36.46 %olth 5¥ 3 998 A ¢létw
HEET ZA 2 E A

_48_



- a o Observed
Computed

Total-N (mg/L)

‘YT 71 " 71 " T " T T T ]
01/01/03 03/02/03 05/01/03 06/30/03 08/29/03 10/28/03 12/27/03|

Time (mm/dd/yy)

19 39 =99 Total-N #5334 2ozt vla(2gF e BH)

0.16 —
o ] o Observed
B Computed
0.12 —
-
a |
é a
o 0.08 —|
I<l‘
: | 8%
0.04 — | / \ \ \y V‘N N Ao
‘ In
— o ‘ B o o
o o
0 T T~ Wl o T

01/01/03 03/02/03 05/01/03 06/30/03 08/29/03 10/28/03 12/27/03

Time (mm/dd/yy)

19 3109 % PO+ P 53 Eg Hla(EF Y BA)
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(9) Organic-P

Organic-P¢] #5334 Rojgts vwst ZAx+= 13 3129 Zroh
RMSE+= 0.04, PBIASE 561 %% A gkel 7HA Rk, NSE&= 0.156 9. %2
FH gkl 7bgteh PME+ ARt 22 -0.027¢]19, 2e)7t A 4dstA
BEs HER L A

(10) Total-P

Total-Pe] #Z#ka Eogks vlugh Ay= 1% 3.13% Zth. RMSE
£ 0.05, NSE+& 0.297, PME& 05260t} PBIAS7F -2293 %2 #=3kH
o ZA B HAATE 1€elA 49717 9] mo|ARrt #S5gRTE F17] o
ol t}.

e
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o — Computed
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) SN, L=
o
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0 R = | e
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Time (mm/dd/yy)

19 313 =59 Total-P #5834 Eg vla(RY BA)
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Rainfall (mm)
g
L

T ‘ I

"w”'

o

6000 —

Discharge (m’/s)

by

Zooplankton (mg C/L)
|

(2 |.‘|. I|..|.|‘

Chl-a (ng/L)
|

\} Wfk /\

\

U" W

01/0

1/03 03/02/03

05/01/03

g4
\ ‘ T

06/30/03
Time (mm/dd/yy)

U\ \/\MJ\/ ‘

08/29/03

10/28/03

12/27/03

38 314 B %, 7%, 584 EH3E MAS+< Chl-a9 ¥

_53_



Daily solar radiation
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Rl AF7I7Ee 20039 12€9 169 EH 20059 12€ 3147k 39
th By RO Chl-ag F4oR dtgon, BoAn ZH1H49
Zejatith Bl AolA Aztel] wE mejghat #Epe vl

T, A& BY 384 AFE TEAHGE 37).

R 37 29 AF A& \lusty] A% FAF

THAYE RMSE PBIAS NSE PME
Chl-a 28.86 18.86 0.565 0.531
DO ke 1.46 0.777 0.776
BOD 1.36 1.96 L0l 75 ~1.600
NH,-N 0.13 ~45.94 0.128 -0.039
NO3-N 0.45 -3.04 0.325 0.464
Organic-N 0.30 30.75 0.348 0.331
Total-N 0.41 -2.03 0.522 0.713
PO,-P 0.03 -26.73 -0.283 0.031
Organic-P 0.03 19.20 0.198 0.077
Total-P 0.03 -13.73 0.078 0.482
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(1) Chl-a

Chl-a®] #=3t3 Bojghs vluwst A3+ 19 3163 2t RMSE®
28.86 %, NSE+ 0565, PME: 0.531°]th. PBIASE 188622 Zd o] W
4717 Bk ZA 2ol w e

(2) DO

DOl #=3ky Eoghs vlagh Axe 1% 3177 Zth RMSE®E
1.27, PBIASE 146 %, NSE+ 0.777, PME: 077622 333 5238}
A BeJE Tk 20051 6~899] A= FHH R AS57 Koft
o Apol7k AA W
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(3) BOD

BOD9| #Z3ky} Rojghs nlag A= 17 3.18% o Ry 1w
ol Ale A5 mojghe] M At HAZlAE RMSEE
1.36, PBIAS+= 196 %= 0° 7M7he A3E Yerlth 12t NSE9
PME: -0.175, -1.6002.2 HAgtel 0Xc} gtov g wolyp Hdstx ¢

tha e gl

=)
X
!
o
i)

(4) NH4+~N

NH,-Ne| #3533} Zojghs wug daks 29 3199 2o BA
Aol Lol oIt #Egrol zel7t F A
Aoz AZdEr. RMSEE 0.13¢2 AHAsAu PBIASE -45.94 %=

e
ol

oRte] o] 2

[e] .

AR ZA 2otk NSEE 0.1280]a1, PMEE -0.0392 #A3
ey 22 A3E yehfal 3l
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(5) NO3-N

NOs-N¢| #Z3t Eogts vlask A3= 19 3209 #Zth RMSE
= 045, PBIASE -3.04 %, NSE+ 0.325, PME= 0.464°]t}. 20054 ¢] 1
43 89S Astae #SgI mefgho]l A molH Ut

(6) Organic-N

Organic-N¢| #3533 wogrs vug Ay 27 3213 Fow,
HAE w53 Bogo] 7o dAlstt. RMSE+ 0.30, NSE+=
0.348, PME+ 0.331°]t}h. 200539 843 11€, 12€99 2271 =A e
wow, PBIASE 3075 %= #S3HY dA o= AA Ryt

AN —
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(7) Total-N
Total-N¢|  #Zga =egts wHlag Axes 17 3229 2t
RMSE+ 041& A zkol 7M1, PBIASE -2.03 %= #2373 n)%
73S Holx gty NSEx 0522, PME: 0.7130]th 28 H A Az
=

o Aze A#s} wzan], MmA 2 meln Aow v

(8) PO4—P

PO,~Pol #=7 3 2ozS nud Az 19 3237 vk RMSE
= 0.0302 HAg 0o 7Mga, PBIASE -2673 %&E #=tHTh =
A ol Tt PMSE 00312 HAzkol 7171, NSEE -028308 &
o7 AHsA R A& e
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Hola glom NSE¢ PME+ -0.033, -104022 R25F <55 e
oA 8 11, 129 9] mefgte] #EFET X AA Ro|H Y] wfEo]

T} Organic-N9| Roj&= AA3st#] X3t AS Yehdar 9l
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NO;N (mg/L)

0

o o O Observed

Computed

01/25/05 03/22/05 05/17/05

Time (mm/dd/yy)

07/12/05

09/06/05 11/01/05 12/27/05

39 411 839 NO;N #34% 29g #m
(BBH EFAE A3 9@ 29)

Organic-N (mg/L)
I

o o o Observed
Computed

O 1 ]

01/25/05 03/22/05 05/17/05

07/12/05

Time (mm/dd/yy)

09/06/05 11/01/05 12/27/05

1Y 412 EF9Y Organic-N =3 297 vl
(BEA EFIE dF9 g3 B9)

_95_



(7) Total-N

Total-N¢| #Z3ka RO ks vl gh

R4

A= 1% 4133 Zth RMSE
+ 036, PBIAS+= 194 %, NSE+ 0.711, PME+ 09212 &4 %92

Hl w4 7hg g gksl A Ko = Qi
(8) PO,P

POsP9 #5339 2ogks vuws ZAy= 19 4149 2t RMSE

v 0022 HAgk 7HgA 2oE k. PBIASE -22.31 %= Eo|gho]
o=

9AsHH) grka % 5 9
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o Observed
Computed

Total-N (mg/L)

1 I

01/25/05

03/22/05

‘ \ ‘ \ ‘ \ ‘ \ ‘ \
05/17/05  07/12/05  09/06/05  11/01/05  12/27/05

Time (mm/dd/yy)

a9 413 EF

9] Total-N #5383 =g vl

24 E23IE dFd o 29)
0.08 —
o o o Observed
— Computed
a
0.06 —
- /A“\
® \
o 004 — M\ /NA\/—/
& g M i
& o
0.02 a a
B a
0 L
01/25/05 03/22/05 05/17/05 07/12/05 09/06/05 11/01/05 12/27/05
Time (mm/dd/yy)
a9 414 EF9 PO, P #S#F 2oz vu

(TEAN EF32E d=F

o o % =9
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(9) Organic-P

Organic-P9] #Z57t Rogs Hluwst Axe=

R4

a9 4158 #uh
Organic-P¢] 9% PO,-PY 459 #o] RMSEE 0.022 A gkol 7}

7+A 9k PBIAS, NSE, PMEE 74.07, 0.126, -0.445% H A 3tzt= x}o]7}
A

(10) Total-P
Total-Pe] #=3zk31} wolzts

gk Avs 1 4167 2ok

. RMSE
+ 002, PBIAS+= 0.10, PME+= 0.4100.%

a3 NSEE 039302 Hagroh g
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Eﬁ 0.04 —*
N
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9
C
©
O 0.02 —
O
0
01/25/05

03/22/05 05/17/05 07/12/05 09/06/05

Time (mm/dd/yy)

11/01/05 12/27/05

a9 415 EF9Y Organic-P &= 3 2oz vw

(TEAH EFIE 45 9 29)

0.12
o o 2 Observed
Computed
0.1 I\
—_ N
-l L
? 0.08 \ B
£ | @
o o o \ o
1
— I M\
% o0 \a ‘ \/
F \ g1 °
a ,y‘ /
0.04 \/V 2
a
002 L L B
01/25/05  03/22/05  05/17/05  07/12/05  09/06/05  11/01/05  12/27/05
Time (mm/dd/yy)

a9 416 E59 Total-P #533 2z v

(FEAH EF3E dFd 4 29)
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101.38
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-0.580
-0.367
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-1.033

N A<=

- 100 -

25.53
6.52
0.482
0.805

RMSE
PBIAS
NSE
PME

G e SO N N (S

B TEL g TR RE T s
L o I OB OF T T m
P = T TRKTP P T xR ow W w0
- @rwﬂ AR R R G
e d ET%  ra T g T g s
alh] = ° M o m 2 M < I oy m A =T
do O W O TR o W o W o

" - - o m <= o/ H m@ A "
ﬂﬂ o “_l_,.AII ‘Mﬂ )AO ‘Mﬂ ‘Mﬂ vaﬁ.c U‘.# o ~ =g ﬁi ﬂwo i
A ojo = o W iy A o b Gy -
b = = o T % I o |
- T T T g ow oo ol 4%%
~ o I ~ o I e S B 7o
o neprtSErPERTREm A
— - "N f f—
3 ‘mn._ o o ﬂw_ <t R = . o ,ﬂv . EE = MM = o
T o Hp NP ® 0 ~

b i L I I W )
Wy S S G R T | 7
_j _j o AW mx = By o m% X M r ) AP
o do = AR ) S AN A MW i

o TOw oy < g N JOL Y = |0
P o E%__ = omon T o WOWS Tm o o |7

) ) ’ N

o e B EHPRoox g 2w = &
il al W = F Hp o I+ 5 & ! ﬂr ml oq_l

< T DI e QAR W L (N
W I ST Ao T o

] RGN N S S > G T =
r k2 W, W F S m

¢ 5 o I
G-l —_— m) e MM ct < Et M.M 0~ ) - E
k) 3 T N W o _él X H_W _.ﬁ W E.E ‘ﬂl 1:_w <t
n = = F gl oy Mo T o
) R A= o W T ol wooNr T )
- S o o W o H T o W W T W



Qi-a(ngl) Gi-a(ngl)

Gh-a(nglh

x Observed
Observed
zooplankton
77777 Forecasted
400 — \ zooplankton
i /\ ~__ __ Phytoplankton
i vl death rate
! / "
300 —| /\ /‘l | \\ / \
| | \\ /A\ i | \ } \L//\‘f\'
IR A ‘ \
200 — /V\J \//\ V\‘ l / i N N }‘\ / \\\
_ RERE ‘ R Iy
AR A RN <
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52 49 @7 495 23}

(1) Chl-a
Chl-a® ©@7] o4

i

T E 51, 19 517 2ok 1d $9 o Fe #
kel 7HgA RoE At 3Y $9 o5 7, 8€89 Chla %7 3A
oS = Ak 74 Feo a FE7F AAASE AA dFHAL,
4 x| WMIGAE S H TEA AdFHA A 2AEH 1
A7 3U F9 dFe #ASFe] AT AAE dFsHAnh 7H Fo 4
S BSFEY 4424 % AA AF5H AL, NSE= -1.582= HAgET
27 dZ5 o] Chl-a2] oS A gahA] okt

® 51 95 70 mE Chl-ad TAF

o & 714 RMSE PBIAS NSE PME
19 17.84 w5 0.906 0.738
34 38,12 5457 0.570 0.503
74 93.40 ~44.24 -1.582 0.131

400

-+ -+ -+ Observed

b [F—F+—F1 Forecasted(1 day)
G—6—© Forecasted(3 days)
300 — I—2A—2A Forecasted(7 days)

Chi-a (ngllL)

01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

19 51 E59 Chl-a #5#% 453 vl
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(2) DO

DO®] ©@7] o FA¥= & 52, 19 529 2tk 1, 3, 74 F9 454
W RF 7Y 89 A ASHET A g SHATE 218 SA
ZF XAy PBIASET 5 % AX IA Ad=HAd. EAFEA 9
RMSE, PBIAS =7 A3l 09 7H7bsl L, NSE, PME+= H 23kl 19

7PA melH gtk DOE 1, 3, 79 F9 dSArt mF AReisla,
ol S 7] 7kell w2 Aol 7k Aol gl
£ 52 dF 7 @& DO FAF
o= 3t4 RMSE PBIAS NSE PME
19 1.42 -5.40 0.982 0.877
39 152 565 0.980 0.861
7% 1.49 ~5.49 0.981 0.869

16

7 |+ =4 - Observed
6 — | [3—E+—F] Forecasted(1 day) + +
G—CG—O Forcasted(3 days)
| &-—A—A Forcasted(7 days)
4 \ \ \ \ \ \ \ \ \ \
01/2005 03/2005 05/2005 07/2005 09/2005 11/2005

Time(mm/yyyy)

a9 52 359 DO #5#4F 453 vl
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(3) BOD
BODY] ©@7] o 43+ F 53, 29 5337 2o 193 3¢ $9 o=
A= #S5EH vzstA BoEHen, 39 dF5Ae 19 d5AHR

o 7d $o] o F9 FAH B4 Z3 RMSET 1.08 NSE+ 0.869=
2 zkoll 71Z4A " PBIASYE 4432 % ZA o =531 PMEE -0962=

dZFol = AgsA &2 AAE YR 9l

% 53 95 70 & BODY FAF

o & 714 RMSE PBIAS NSE PME
1 0.27 2.29 0.992 0.950
34 0.44 1314 0.979 0.840
74 1.08 43.22 0.869 -0.962

-+ + - Observed
3&—£1 Forcasted(1 day)
u G—6—©O Forcasted(3 days)
A—A—A Forcasted(7 days)

BOD (mg/L)

01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

a9 53 =59 BOD #5353 5% v
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(4) NH,~N

NH-Ne| ©@7] dZZA3e= % 54, 218 549 2o 19 39 o
= #SET 1755 % A 5EHA 2w, RMSEE 0.03, NSE& 0.905
PMEE 0.883% A&t oAFZA74E Yefd Ak 393 79 $9 o5
A3 RMSEx: # A gkell 7HA1 7k PBIASE 45 % ol AA &% Atk

=

=A3
=4

%)

PME: 5% $5ow NH-NS oo 4gah et

® 54 945 tF0| W& NHe-No SAF

o3 34 RMSE PBIAS NSE PME
1¥ 0.03 -17.55 0.905 0.888
3d 0.08 -47.89 0.373 -0.046
7Y 0.09 §4195 0.231 -0.455

0.25
-+ -+ -+ Observed

ES\G/? [3—t3—F£] Forecasted(1 day)

0.2 \ G—6—0© Forecasted(3 days)

TR /A —A Forecasted(7 days)

NH,-N (mg/L)

01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

J¥ 54 59 NHs&N #58H A5 vl
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(5) NO3-N

NO3-N9| ©7] dZZ3= % 55 219 559 2tk 1, 3, 79 $9] o
SA7 849 dFAdes BT AS@ET A AdFHAY] diEel
PBIAS7} =5 27 4% 9. RMSE, NSE, PMES] Z3tE 3 & gholl
TWAE s dEdTh 1, 3, 799 9] dFe 5 #S5gkel ke 2
W5 vERTH

E 55 9F tF0 W& NOs-No TAF

oS +4 RMSE PBIAS NSE PME
1 0.29 -1.09 0.986 0.936
34 0.48 -2.84 0.960 0.818
74 0.57 -3.39 0.843 0.706

NO,N (mg/L)

T |+ 4+ < Observed +
[3—F1—F1 Forecasted(1 day)

1 | ©—©—0O Forecasted(3 days)
/~x—2/x—2\ Forecasted(7 days)

0 I I I I I I I I I I

01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

398 55 59 NO:-N #53F 453 v
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(6) Organic-N

Organic-N¢| ©7] o =2 3+=

A= ASHEG 1755

0.905, PME+ 0.888= %%

¥ 56 9= 7tAd wWE Organic-No EA%

¥ 56, 18 563 2o 19
% AA d=FHAerm, RMSEE 0.03, NSE=
b 5AIE YER
o 43 RMSE+= A gtel 7HgA W PBIASE 45 %

Fo] o=

sk 393 791 Fo
o) ZA ol %

At PMEE E% &30 2 Organic-N9| oo = 2 &abA] ekgkr}.

Organic-N (mg/L)

o= t4 RMSE PBIAS NSE PME
1d 0.23 16.86 0.796 0.030
34 0.31 29.01 0.625 -0.893
7d 0.33 56.84 0.566 -1.620
1.6
+ <+ + Observed
1 |3@—3—E Forecasted(1 day)
G—6G—0O Forecasted(3 days)
1.2 — |~ Forecasted(7 days) A

01/2005 03/2005

05/2005 07/2005
Time(mm/yyyy)

09/2005

11/2005

¥ 56 B39 Organic-N #Zg 3 4=
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(7) Total-N
Total-N¢| ©7] o=A3+= ¥ 57, 19H 579 2. 14, 3¢, 794 &

Lo

&A= =% RMSE, PBAISE 09 7143, NSE, PME&

0

A% Ve gtk Total-Ne| ¥ Wsgde 19 Fo 434
Z=
AN

off
ol
2
K
w
107

lo,
2
N
rlo
\1
e
i
lo,
2
N
B
=

<
T

W
\1
e
o
lo,
2
_l[N'
—E
rlr
r o
e
)
9,
)
N
i
i
°
iul
R

E 57 dF tF0| ©E Total-No| TAF

o3 34 RMSE PBIAS NSE PME
1¥ 0.15 0.55 0.997 0.985
34 0.27 -1.34 0.991 0.951
7d 0.38 0.14 0.982 0892
45
i + + -+ Observed
—+ [4—+1+—+1 Forecasted(1 day)
4 = OO0 Forecasted(3 days)
E I~x—2—A Forecasted(7 days)
354
?
z 3
T i
O
= 2.5 —
2 |
1.5
01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

1Y 57 EF9 Total-N #2337 o923 ¥
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(8) PO4s—P

POsP @7 dZAn= F 58 19 58% 2o 14, 39, 7¢ F9
=43 % RMSE: 028 #¢ta PBIASE dAHo=z 25 % HAE
A =AY 193 39 Fo] o =23 RMSE, PBIAS, NSE &+
HZgkol b AdE YEARE 39 $9 o437 PMEE

A7k
of 7}7b% 0.131¢]th 78 F9] o233 NSEE 14, 39 $9 o =23}
Hot 25 Ao PMEZF Hazkroh &8 -0.4560]7] wEo] PO,P

o AzE 4G 2

E 58 dF 74 mE POs-PY TAF

o= 7+4 RMSE PBIAS NSE PME
19 0.02 =23.80 0:732 0.560
3d 0.02 -30.13 0.729 0.131
7 0.02 -25.65 0.537 -0.456
0.12

+ + -+ Observed

[3—=F—+E] Forecasted(1 day)
0.1 7 | O—O—O Forecasted(3 days)
_| | x—~—A Forecasted(7 days)

0.08 —
—_
4
\g _
N —
o 0.06
N
O
o
0.04 —]
0.02 £|
0
01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

398 58 259 PO+P #SF#H A4F 7% v
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(9) Organic-P

Organic-P¢] ©7] d=ZA3= % 59, 29 593 2o 19 F9 o=
AdeE #SHRG 1751 % A AS5EHAE, RMSEx 001, NSE+
0964, PME= 0.7362.% oS0l 7I7he 235 detlal dvh 343 74
o] o|ZZA¥= RMSESH NSEE 7M. 23%E YER A RE PBIASY}
HESHET 50 % ol AA F5H i, PME= -0.230, 0.0762.2 &
U HAR 0ol 7h7b AE YER A gl

o

o
Y

e

¥ 59 9= 7+F 9 wE Organic-PY A%

o & 714 RMSE PBIAS NSE PME
14 0.01 17.51 0.964 0.736
3d 0.01 52.42 0.860 -0.230
7Y 0.02 59.40 0.797 0.076
0.06
_ + + 4+ - Observed
[3+—F] Forecasted(1 day)
0.05 — G—O—0O Forecasted(3 days)
A IAN—2—2 Forecasted(7 days)
3 0.04
E B H
0 .03
Q
5 i i
5 0.02 —
O o N
A N
0.01 —
0 \ \ \ \ \ \ \ \ \ \
01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

19 59 EF9 Organic-P #2337 o423 vx
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(10) Total-P

Total-99] ©@7] =ZA3= # 510, 2¥ 5103 2ok 1Y F9 o=
< 695E 9¥9Atele Total-Pe sx7t 3 FAHHEAC 19, 3¢, 7¢
Fo] o Fe] FAFE FAAR BF AF3d A AFEHUAT 7 F
o] d &4 PMEE 193 3U dSZA3ol nls) 2A F4 5

£ 510 95 A W& Total-Po TAF

dF 14 RMSE PBIAS NSE PME
1¢ 0.01 -9.83 0.944 0.773
34 0.01 -7.25 0.963 0.792
74 0.02 -4.20 0.858 0.542
0.14

4 |+ + -+ Observed

[3—+F—F] Forecasted(1 day)
0.12 1 | G—O—0© Forecasted(3 days)
Ix—2x—2A Forecasted(7 days)

0.1 —

0.08 €

Total-P (mg/L)

0.06 0

0.04 —

0.02 I I I I I I I I I

01/2005 03/2005 05/2005 07/2005 09/2005 11/2005
Time(mm/yyyy)

a9 510 EF9 Total-P #3533 A5 % vl
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