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Parameter Estimation of Coastal Water Quality Model
Using the Inverse Theory

ZFQs - ZYF - A G

Hong Yeon Cho*, Bum Jun Cho** and Shin Taek Jeong**
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A : JUEA, B WAAF, LAY, FEHT, LEBL AP

Abstarct : Typical water quality (WQ) parameters defined in the governing equation of the WQ model are the
pollutant loads from atmosphere and watersheds, pollutant release rates from sediment, diffusion coefficient and
reaction coefficient etc. The direct measurement of these parameters is very difficult as well as requires high cost.
In this study, the pollutant budget equation including these parameters was used to construct the linear
simultaneous equations. Based on these equations, the inverse problems were constructed and WQ parameter
estimation method minimizing the sum of squared errors between the computed and observed amounts of the
mass changes was suggested. WQ parameters, i.e., the atmospheric pollutant loads, sediment release rates,
diffusion coefficients and reaction coefficient, were estimated using this method by utilizing the vertical
concentration profile data which has been observed in Cheonsu Bay and Ulsan Port. Values of the estimated
parameters show a large temporal variation. However, this technique is persuasive in that the RMS (root mean
square) error was less than 5.0 % of the observed value ranges and the agreement index was greater than 0.95.

Keywords : inverse problem, model parameters, pollutant loads, pollutant release rates, pollutant budget equation
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Fig. 1. Schematic Diagram of the Pollutant Budget Model.
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Z FAFEL 357 DO(E-EAEA, dissolved oxygen),
COD(3} 84 44~ 8 7 3F, chemical oxygen demand), SS
G-524, suspended solids), TNGA2, total nitrogen),
TP@ES!, total phosphorus) &Eolu], £k DO,
COD, TN @Eolc}. d4rhe- 27) FAA 5719] AlA

FTEEX ARES FHE oM, SATHEIME
RS AAE FEEE ARE SR

FEAE 2L BSHRE Table 29 AE)eld A 614
o A Ao FHiFA(H T4 MSL [mean
Table 2. Measurement stations and water quality concentrations

(a) Data in Cheonsu Bay (Pt. 1, North Jukdo: 126° 26'E, 36°
33N; 2004. 7.27 - 7.28)

Time & Date
Data Set - T1 10:27(7/27) pH COD SS TN TP
DI 737 4.60 6.00 0.796 0.048
D2 727 4.00 11.20 0.736 0.057
D3 772 220 7.60 0.848 0.063
D4 7.28 2.80 7.20 0.854 0.087
D5 728 5.60 16.00 1.005 0.121
Data Set - T2 17:12(7/27)
D1 751 240 6.80 0.742 0.048
D2 730 4.80 720 0.753 0.057
D3 725 3.40 6.80 0.797 0.042
D4 7.55 2.60 4.80 0.854 0.055
D5 745 420 920 1.196 0.104
Data Set - T3 23:38(7/27)
DI 764 2.00 520 0.661 0.030
D2 7.68 120 6.00 0.727 0.050
D3 747 1.80 4.00 0.784 0.057
D4 7.54 1.00 7.20 0.938 0.080
D5 7.23 2.80 1520 1.019 0.127
Data Set - T4 06:23(7/28)
D1 796 3.60 1520 0.716 0.053
D2 746 2.00 6.40 0.728 0.036
D3 7.52 1.60 4.80 0.921 0.048
D4 7.60 0.60 2.80 0.909 0.060
D5 760 1.60 640 0956 0.153
Data Set - T5 11:50(7/28)
D1 798 320 7.60 0.868 0.034
D2 7.58 4.20 10.80 0.987 0.048
D3 7.76 340 6.40 0.994 0.081
D4 742 2.80 10.80 1.047 0.092
D5 7.62 240 1440 1.504 0.119

153

(b) Data in Cheonsu Bay (Pt. 2: 126° 26'E, 36° 33'N; 2004, 7.27

-7.28)

Time & Date

Data Set - T1 10:27(7/27) pH COD SS

TN

TP

D1 7.50 3.60 10.00 0.860 0.091
D2 6.80 320 10.40 0.804 0.055
D3 7.16 3.60 12.00 0.822 0.087
D4 7.60 240 12.40 0.839 0.081
D5 723 2.80 1040 0.876 0.098
Data Set - T2 17:12(7/27)
DI 7.59 3.80 640 0.844 0.056
D2 7.18 3.80 7.20 0977 0.101
D3 7.36 3.00 6.40 0921 0.071
D4 6.84 4.00 6.00 0.757 0.074
D5 7.08 3.00 12.40 0.884 0.054
Data Set - T3 23:38(7/27)
D1 739 3.80 10.40 0.852 0.067
D2 732 1.60 840 0.908 0.069
D3 7.60 120 8.80 0.994 0.040
D4 7.35 2.00 8.80 1.090 0.070
D5 722 200 10.80 1.239 0.049
Data Set - T4 06:23(7/28)
Dl 731 1.60 6.00 0.785 0.047
D2 726 220 560 1.080 0.055
D3 7.11 2.00 6.00 0.861 0.050
D4 7.15 120 7.60 0.861 0.048
D5 7.23 1.60 8.00 1.489 0.081
Data Set - T5 11:50(7/28)
D1 7.16 1.60 3.20 0940 0.044
D2 7.06 2.00 8.00 0.937 0.038
D3 7.12 1.60 10.80 1.193 0.061
D4 727 260 7.60 0.778 0.096
D5 684 2.00 7.20 0965 0.044

sea level] 71E)2 15.0 m, 24HF AH ] $£AL 150 m

o},

42 BESR wHAS T W NS

4 (1), @, (% o1§3te] ZABA SAl A4

28 A 247} sl Rigte wm|gk
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#HE A AGAE (Data Set - T1, T2, T3, T4, T5)2
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(¢) Data in Ulsan Port (Pt. 0: 129° 22' 15E, 35° 2624N; 2004. 9.2
-9.3)

S

Time & Date
Data Set - T1 17:00092) pH COD TN DO
DI 821 076 0294 6388
D2 815 094 0309 6386
D3 816 100 0307 686
D4 815 090 0311 678
D5 816 102 0308 6388
Data Set - T2 01:00(9/3)
DI 8.16 088 0298 683
D2 8.16 086 0299 681
D3 8.16 084 0306 685
D4 8.14 08 0304 683
D5 8.16 098 028 676
Data Set - T3 07:00(9/3)
D1 820 082 0320 690
D2 819 072 0314 680
D3 8.19 088 0317 673
D4 818 098 0299 678
D5 818 086 0294 691
Data Set - T4 13:00(9/3)
DI 820 094 029 669
D2 820 0.84 0305 686
D3 8.18 1.06 0.291 6.81
D4 817 090 0303 6.75
D5 814 098 0301 691
Data Set - T5 19:00(9/3)
DI 821 078 0288 726
D2 823 088 0308 7.08
D3 825 086 0314 7.8
D4 825 096 0312 692
D5 821 098 0289 689

F2A7| A1 e 29 shl nE HakE A7kl
et A% Aug BPeste] Fatasd 7iEe] AlA
d FEEIEAE (Data Set - T12, T23, T34, T45)E ¥
St et do 2 4H G FHH vy
A HEsEH 1E0 2 Fitke A8 E o] 83ion,
BEE AAEAEE o] B3l vIANSE T, F
AATE= AAE vid4s AS (Parameter [T1], [T2],
[T3DE A2 FckFig. 3).

43 2F IHHS W HESL 2

B Aol AN BA5A PHAL ol galel 4
ARYHAE TAFL, AEALEE olgshel wpfs
2 349 25, By ol st ANAHoR B2z B

A

L

Data Data Data Data Data
Set Set Set Set Set
[T1] [T2] (131 (4] [15]

Raw - Time Series Data Set (T1, T2, T3, T4, T5)

Data Data Data Data
Set Set Set Set
[T12] [T23] [T34] [T45]

Time Series Data Set - Mean Sea Level

Parameter
[AT3]

Parameter
[aT12]

Parameter
[AT1]

Time Series Parameter Set

Fig. 3. Schematic Diagram of the Time-Series Data Set and
Parameters.
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Table 3. Estimated parameters using the inverse problems (3) Pt. 0 in Ulsan Port
i Time Interval
() Pt. 1 in Cheonsu Bay Conc.  Parameters Mean
c Time interval AT1 AT2 AT3
. t
one. . Parameters. — - ——— Mean F, 0501  -0.090 -0946 -0.178
F, 4095 22300 13.048 -1.719 coD Fpp  -0058 0195 0221 -0.011
con Fpp 0970 2022  -1938 0351 D, 1702 9.844 -18219 -5.359
Dy, 8313 4981 -7338 -3557 Frs 0338 0418 0114 0078
F 0.187 0027 -0.139 0.025
Fg 1748 5110 12397 1.846 4 0
o 0.000 -0.022 -0.004 -0.008
F, -12.997 -52.773 24.161 -13.870 TN
D, 4662 -29.027 1793 -7.524
For 1181 0310 -1275 0072
SS Fpyg 0015 0018 0073  0.035
D 7813 4249 3132 5.064
v F, 0342 0788 -0295  0.050
Fae 22720 13.683  50.002  13.655 o Fpn 0077 -0005 0026 -0.019
£y 0378 1290 -0.114 0518 D, 12181 20296 -26.566 1.970
™ Fpe 0.159  -0301 -0429 -0.190 Fg 2133 -0.141 -0.897 0365
D, -16.585 39940 6.145  9.833
Fs -1.859 4140 -1.000 0427 7o) AL st ARteAT YRR ohe- 4
F, 0071  -0121 0023  -0.009 (794 2ol RZHW, 1,09 7P A5E FHAL 345
Fpr 0223 0511 0366  0.123 Aol A T
TP
D, 0457 -11420 5511 2122
N 2
Fpg 0.117 0698 0316 -0.166 : ZI(P,-—O,-)
— i~
(2) Pt. 2 in Cheonsu Bay la=1.0- N _ — s M
— [P—0]+|o-o])
Time interval i=1
Conc. Parameters Mean

ATI AT2 AT3

F, -15.744 0037 15597 -0.037 0471f1, Pr fﬂi% Z}Zjl PR O]%f“} Oﬂé‘%‘]

F, 0861  1.800 -0479 0.727 AISH, BSE AIAAFE e, 0= 245
cop bE  Asiae] Bag vl

D, 22724 -16131 0626 1989 COD, S5, TN, TP. DO 320 thale] Axkel AR

Fps 5466 2862 2574 -1918 % Ia= 742} 0.979, 0.987, 0.971, 0.969, 0.9930.2 7

E, -17.193  -1.025 45399  9.060 AAzrel AT} S 2T ANATFS Hol= A
. Fpp 0599 0353  0.160 0371 o2 sersich

D, 4865 -18303 4582 10795

Fgs  -17757 2628 25497  1.704 5.4 % Ml

F, 0732 0270 0212 0405

Fop 0353 -0.097 -0.020 -0.156 AMAE FEREARE 0|83l FERF i/
™ b o6is 0381 23w o7s S FAske e AQeiic Aok e o848k

F e aad s a0 A5 24 sl £aAnge] vl sgs

F, 0106 0120 0162 0049 © d7l=REe edrald, HagRyE 2981 &

Fo o 0508 0nis o  ETOIE AT e 9 Sl g9 egud v

TP AGTE FAF]  FAAN AE o 2 HEAl7] 2
20539 -1.999 5932 4.203 ]7;;0“ wa ;}?;;_} - E'_él o jo J}-Q}E‘];i:
H W3 E Hol1 Y& Z o

0.083 -0307 0079 -0.048 - N - -
u, SRHEAE o189 AN 2P e bR o

5 O
N




156 259 - Z0F - A9
L T . — 2 - . ; . T 20— T — : :
g 7 1 z 1 T 15—
: . . ® : uq 405 i
S ° ]
£ £ 1.2 —
s {1 g n- . § -
g g 1 ® F 08—
T e - T . T ] |
s s o
';3 é | g 04 R
2 o = % oo o6’ e - % eo -
£ ) £ 1 E ] . 1
: P g ee - e
3 4 T ¢ 1 @ L N g 0.8 — 7
2 2 ] B
H g 16~ ° H
S 5 G 2
8 5 1 3 18 .
2 £ ™ 1 2 s 1
02— B o B e e B B T B s e e
12 b “ ° 4 8 12 32 24 6 € o 8 18 4 2 20 16 42 08 04 00 04 08 12 16 20
Mass Changes {(Measured Value : 1.600mg Unit) Mass Changes (Measured Value : 1,000mg Unit) Mass Changes (Measured Value : 1,000mg Unit)
(a) COD (Chemical Oxygen Demand) (b) SS (Suspended Solids) (¢) TN (Total Nitrogen)
0.20 T T T L T 20 T T T T T
T 016 7 g 18— T
£ ] B 5 g _
g o g 12
g ] : g ]
2 o0 | 2 os- i
é 2.04 ® | % 04 — g
> 4 > - .
!; 000 | ° [} _ g 0.0 | =
£ 1 PY 1] b B
é 0.04 —| [ ] @ 04
$ 008 ® (] T g, 08 | N
£
s b - 4
5 o2 & a2
. - » .
H : g
2 o1 - ] £ a8 ]
B s e e e 20 AT T

020 0.6 0.12 008 0.04 000 004 008 012 016 020
Mass Changes (Measured Value : 1,080mg Unit}

(d) TP (Total Phosphorus)

20 -16 -1.2 -08 04 00 04 03 12 16 20
Mass Changes (Measured Vatue : 1,000mg Unit)

(e) DO (Dissolved Oxygen)

Fig. 4. Comparison of the Measured and Estimated Mass Changes.

FHANE AFshe Aoz gotE et weps, & A7
ol ZAGE BF AP AE o] 85 FSARF ) ul7)
W FYRAFL oz e o AdEn
HhA, wizRgee] AI71ARQ1 WEA 3 BEAtR 23T
FEa 5& e 4 & wisise] £934I 9
njaA 5o wr} tlaksla AEE Al w83 44
WA 58 o] g3le] vl AR vt 3o A
o2 AlgdEd
B Ao AAg ARy wyidse AT B
A3 2lell A G35l QAREA (inverse problem)
olg3h= WHoZ, A AAYE sEEIARE A
ARl #E-S F3lo] FEIIH g At +EARE
o 7z izl mi/fEFE FAY 5 2o, ol&
7-"39&5 7127 ARG Sl a3t v/
FAY 5 A FHol Atk &3, 2 e v¢
o difiME B4R WgAE 7% 5
] WS 38 5 Aok e, EF
ol g3l FAsk Aol AL Fuatr] A3

2 5
=20

ng
s
4

L 0
=

3
&

2
X

Me 7bVsd A3 BEArele] v 2 BE0lE 52
53 B34 Byt B tekelal A= A
gxlojol & Ao g AR HTHBanks & Bihari, 2001).
3, A-3 A=A oJste] F5E Ane 9
uf g 2 7% AAA(indicator) 2t § HS
o] &3k thibo] g 48 4 glom, AEH
e 2y Bwd A4 & wA dong gk
3 P9 2y dlgte HEans HEL 7 o
E A7 AAE e NEFoR A B
9 Q5kgk k59 FHo] Maw|ofof ?3‘}“1, =R
F2#E 2 AAHJ A FH= Fejstoiof
FFch(Hensel, 1991; Menke, 1989). EE._, o) 7] ¥ =l
AgzAE Rojdte] FAsh= WY 2 349 23t
AHHQ B2 <3l F9€ A B g AHolA F
e Azjete] vmagE B3t GAHEAE o183 W
Hel A4 71s4e ez Baske a7t ¥
s ojo} gt}

z



0]

R4

7

LAl 2

o] EE-2 20043% gguf|stwel wmH) x| el <JshA
FAHAFYH A0l Aol ZA=HU

ik

{28

ZHE (2001). EAF o] 83 BHoIMY] FFEA]. A
st et FEAAL =R

ZEH (2004). ARt eE@RIF = 4 FR7E A
#-R&DESE, R&D Preview, 3 FFAME, S-=-3] kAT
2, 20, 21-25.

gHEEidATA (1995). G ol H TRNEE AT D
T, AMAPAE BiA, sifs 2 FARdHPof
(AAY ), BSPN 00260-807-6, 3817144,

sl (1996). IS ol ¥ B3REE % o
TN, A2-33PAER A, 3iefis 2 AR HE
oF (A4 %), BSPN 00322-968-7, #8}7]4 4.

sl ddTA (1997). R3] - mieh 43 dejed 7Y
vHD). ARPEE GxR 1M, BSPE 97607-00-1040-2, 3
Rankie

sl FATA (19992). Al -vPigt 487 #eing
Rn). A2xbA% AxPRI1A, BSPE 98703-01-1147-2,
B WAL

Fars AT A (1999b). 3] -vhahet 2487 HejRd
. AR HFRIA, ety

Ancey, C., Meunier, M. and Richard, D. (2003). Inverse prob-
lem in avalanche dynamics models. Water Resources
Research, 39(4), ESG 5-1 - 5-13

Banks, H.T. and Bihari, K.L. (2001). Modelling and estimating
uncertainty in parameter estimation. Inverse Problems, 17,

g 0183 gigt $AmYs| TS 53 157

95-111.

Bennett, A.F. and McIntosh, P.C. (1982). Open ocean model-
ing as an inverse problem: Tidal theory. J. of Physical
Oceanography, 12(10), 1004-1018.

Gaspar, P., Andre, J.C. and Lefevre, JM. (1990). The deter-
mination of the latent and sensible heat fluxes at the sea
surface viewed as an inverse problem. J. of Geophysical
Research, 95(C9), 16169-16178.

Hensel, E. (1991). Inverse Theory and Application for Engi-
neers. Prentice-Hall Inc.

Jorgensen, S.E. and Gromiec, M.J. (Editor) (1989). Mathemat-
ical submodels in water quality systems. Developments in
Environmental Modelling, 14, Elsevier.

Lee, K.S. (2000). Fundamentals of Water Resources Systems.
Saeron Publishing Co., 117.

Lee, HK. (1994). Wind-driven circulation using a curvilinear
hydrodynamic three-dimensional model. J. of Korean Soci- A
ety of Coastal and Ocean Engineers, 6(1), 1-11.

Legovic, T., Limic, N. and Valkovic, V. (1990). Estimation of
diffuse inputs to a coastal sea: Solution to an inverse mod-
eling problem, Estuarine. Coastal and Shelf Science, 30(6),
619-634.

Menke, W. (1989). Geophysical Data Analysis: Discrete
Inverse Theory. Academic Press.

Scales, J.A., Smith, M.L. and Treitel, S. (2001). Introductory
Geophysical Inverse Theory. Samizdat Press.

Strang, G. (1980). Linear Algebra and Its Applications. Second
Edition, Academic Press.

Willmott, C.J. (1981). On the validation of models. Physical
Geography, 2(2), 184-194.

Received December 17, 2004
Accepted July 5, 2005



