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Jindong bay at the northwestern part of Jinhae bay suffers from the occurrence of red tides in summer every
year. In order to study the management methods of coastal environments, an ecological numerical model has
been developed. The model experiments was forecasted that the load of nutrients from the land and field

concentration will be cut down per 10% each.

When we cut down 57.2% nitrogen load in the inner bay and 38.4% phosphorous load in the outer bay of
bottom layer of the nutrients load from land and field concentration, the seawater quality standard levels up first
grade. When we cut down 86.5% nutrients in the inner bay and 93.0% nutrients in the outer bay, the

concentration of chlorophyll a decreases below 3.2 g/ K(an individual concentration of phytoplankton :

i.e. the red tides do not occur.
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Fig. 1. The oceanographic observation points in
the Jindong bay. Depths are in meters.
(@ : observation points, Il : meteorclogical
station(Songdo), 1: Jindong 1, 2: Jindong 2,
3 Jindong 3, 4: Tabongchun, 5 Jindong-
chun, 6: Ingokchun, 7: Jinjunchun)
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Table 1. Input data for a hydrodynamic model

(=

Parameters Input values
Mesh size 4x=4y=300m
Total mesh 44X 28 X 3=3,696
Water depth chart datum+MSL
Time interval{ 4t) 5sec

Layer

Water temperature at
open boundary

Salinity(PSU) at open
boundary

Coriolis coefficient(f)
Horizontal viscosity
coefficient(An)
Vertical viscosity
coefficient(A.,)
Horizontal diffusion
coefficient(Kp)

Vertical diffusion
coefficient(Ky)
Bottom friction
coefficient

Calculation time

upper layer: 0~1m

middle layer: 1~8m

lower layer: 8m~bottom
upper layer: 27.38~27.82C
middle layer: 24.81~25.08C
lower laver: 21.22~21.92C
upper layer: 26.92~27.79
middle layer: 28.86~29.41
lower layer: 31.07~32.36

f=2+ w +sing

Ay =1.0%10°~55%10° cm’s

A~1.0%X10~55%10 cm®s™

Kn =1.0%10"~55%10" cm’s '

Ky =1.0~55 cm’s '

0.0026
3 days
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AAZ : Natural mortality of Z{-}
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Detritus(D)

centration from P to D(+)

Fig. 2. Components of this numerical ecosystem model.

Zooplankton(Z)' Detritus(D):
A aZ azZ oD oD oD gD
6t+uax+ +w82 3t+ dx e 8y+ dz
aZ\, 98 94y, _9_ _0Z an aD _d _aD
(K" ax)+ (Ky 9y)+ 52(& 6'2) (K" ax) dy (Ky 3y) (K oz )
+A3RZ ~A4Z~ A5Z— A6Z (1D +A2R pcP+ AAZ+ ASZ— ATD (18)

348



AEo A ABARLS o] &3 BF T Y

A7, u, v, wE ZEY xUE, yid 2434
WENE, K. K, R K. © 47 x,y, z 339 &
AAFE JErl L Qo A AR 2143 AF
1A+E& Table 291 YEFA] T}

3 RycP, RpcPE 2474 HEEZAEA o3
DIN# DIPsx9 HA&E(=067, 0042), RwznZ
RpppZe 247 23234 Wd DIN % DIPF
T9) AFL(=052, 0.032), RamD, RppDE Z+zZt
detrituse]l Wi$t DIN 2 DIPF=9 A& (=052
0.032)& Y&tz Aot =&, 419 A2v 47 4
2EYAES 4FEE & FREFAES Wns

Lo]H, A3E detrituso] 3 bacteria?l E&&
(=0.3day "2 Arret )
Al=V,,+ MIN{VI(Ny), VI(Np)} - V2(D)
- V3(T) - VA(S) (19)
A2= xR (20)

21199 COANAM V,(=2.0day )2 Hof F3A
&, 4G ARARZHA 2ulsje HBHF o)
g AEEHIEY HYGEEE VIWNW=Ny/
(Ksy+ Np), VI(Np) =Np [(Ksp+ Np), AEZHIE
o] ol gt FFE V2() = Ilgpr exp(1— 1 Iopy),
I=Isexp(—kd), N EEHAEY 23 F&d u
& 4%4%% James and Ralph”] 24 4o

Table 2. Input data for ecosystem model

Parameter Input value

Mesh size A4x=4y=300m

Water depth chart datum+MSL

Time interval( 4t) 5sec

Calculation time 30 days

Intial condition for compartments

Layer DIN DIP Chla 700
(pg-avl)  (pg-at/l) (png/l) (cells/L)

upper 24.280 0.186 2502 73

middle 15.159 0436 9922 (i3]

lower 16.920 1.287 2.140 57

Compartments at open boundary

Layer DIN DIP Chla Z00
(pg-at/l)  (upg-at/l) (pg/L) (cells/L)

upper 6528~19939 0.074~0.186
middle 7949~12710 0.112~0661
lower 5941~13028 0.086~1.285
Diffusion coefficient on x
direction(Kx)

Diffusion coefficient on y
direction(K,)

Vertical diffusion coefficient(K,)

2640~3220 6~T72
14567~19810 53~64
2930~3140 40~%

K« =1.0x10*~55x10" cm’s™

K, =10x10*~55% 10" cm’s™
K. =1.0~55 cmis’
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Table 3. The biological parameters used in the ecosystem model

Symbol Definitions Values Unit
RncP Conversion ratio of concentration of DIN to that of phytoplankton 0.67

RpcP Conversion ratio of concentration of DIP to that of phytoplankton 0.0042

RnzpZ Conversion ratio of concentration of DIN to that of zooplankton 0.52

RemnZ Conversion ratio of concentration of DIP to that of zooplankton 0.032

RnzoD Conversion ratio of concentration of DIN to that of detritus 0.52

RpzoD Conversion ratio of concentration of DIP to that of detritus 0.032

Rez Conversion ratio of concentration of phytoplankton to that of zooplankton  0.75

Roc Conversion ratio of concentration of detritus to that of phytoplankton 131

A2 Natural death rate of phytoplankton 0.33 day™

Vi Maximum photosynthetic rate 2.0 day™!

Ksn Half saturation constant for nitrogen 30 uM

Ksp Half saturation constant for phosphorus 0.1 uM

Topr Optimum light intensity for phytoplankton 24 cal em?® day™!
k Dissipation coefficient of light 0.7

Is Light intensity on sea surface 316 cal cm? day™
Torr Optimum temperature for phytoplankton 25 C

Sopr Optimum salinity for phytoplankton 30 PSU

A4Z Natural death rate of zooplankton 0.05 mgN/m® day”
A6Z Urine coefficient of zooplankton 0.1 day™!

A7D Decomposition of detritus 005  day’!

Rimax Maximum grazing rate of zooplankton 15 day™

A Ivlev constant 047 (mgChla/m®)"
P Threshold of phytoplankton in grazing 01 {mgChl.a/m®)
¢ Fecal pellet coefficient of zooplankton 02 day™

Sp Sinking velocity of phytoplankton 35 em s™

Sp Sinking velocity of detritus 100 cm s’

Table 4. The pollutant loads of rivers flow into the
Jindong Bay

Table 5. The field concentration of DIN and DIP in
the Jindong Bay of August, 1998

Pollutant loads

No. — Name of o e DIN DIP
(Fig.1) River N
(ton day ") (pg-at/L) (ug-at/l)
1 Jindong 1 346 621.071 3290
2 Jindong 2 24,192 981.429 23452
3 Jindong 3 25920 1,060.571 1.387
4  Taebongchun 54,847 372 1.258
5  Jindongchun 28,080 225071 1.323
6  Ingokchun 26,466 162571 0613
7  Jinjenchun 111,197 1,600 0419
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Stn.  Stn.  Stn.  Stn.  Stn.

Compartments 1 2 3 ca s

Layer

upper 50.071 20105 6528 23939 20.802
middle 18969 17.199 7.949 12,710 18967
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Fig. 3. The result of numerical model on tide induced residual current(Ms) in Jindong Bay(a). Observed(full line)
and calculated(dotted line} of tidal current ellipses at C2 in Jindong bay.
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Density Driven Current
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(a)

Fig. 4. The result of numerical model on residual flow(a), wind driven current(b) and density driven current(c)
at upper layer(0~1m), middle layer(1~8m) and lower layer(8m~bottom) in Jindong Bay.
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Fig. 5. Comparison of the observed result with the

calculated result of numerical model on
residual flow at St. C2 of Jindong bay(solid
line means result observed by field measure-
ment and dashed line means result calculated
by numerical model).
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Fig. 6. Horizontal distributions of observed DIN(left column), DIN(middle column) and chlorophyll a(right
column) at the upper(top panel), middle(middle panel) and lower layer(bottom panel) in Jindong bay of
August, 1998.
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Table 6. The comparison of the computed(Co.) with the observed(Ob.) DIN(dissolved inorganic nitrogen),
DIP(dissloved inorganic phosphorus) and chlorophyll a at upper layer(0~1m), middle layer(1~8m)
and lower layer(8m~bottom) in Jindong Bay (R.E.: relative errors)

DIN(ug - at/l)
St. Upper layer Middle layer Lower layer
Ob. Co. RE. Ob. Co. RE. Ob. Co. RE.
1 50.07 4381 125
2 20.11 12.60 372 17.20 1371 20.3 21.00 1515 279
3 6.53 9.72 489 7.95 9.12 147 594 880 481
4 2394 10.31 56.9 12.71 11.62 86 13.03 14.65 124
5 20.80 1779 145 1897 1845 27 23.00 20.04 129
mean 24.29 18.85 224 14.21 13.23 6.9 15.74 14.66 6.9
DIP(ug - at/l)
St. Upper layer Middle layer Lower layer
Ob. Co. RE. Ob. Co. RE. Ob. Co. RE
1 0.22 0.32 455
2 0.11 0.21 90.9 0.11 0.65 4909 116 1.20 35
3 0.07 0.02 714 0.11 0.12 9.1 0.57 0.58 18
4 0.19 031 632 1.06 0.42 60.4 111 1.25 126
5 0.34 0.30 118 0.56 0.89 589 339 2.15 36.6
mean 0.19 0.23 21.1 0.46 0.52 130 1.56 1.30 16.7
Chlorophyll a( zg/)
St. Upper layer Middle layer Lower layer
Ob. Co. RE. Ob. Co. RE. Ob. Co. RE.
1 1897 21.61 139
2 18.38 1547 158 550 852 549 147 1.76 187
3 24.77 31.03 253 12.02 13.82 150 2.26 398 68.1
4 23.25 21.74 6.5 10.08 875 13.2 241 2.52 46
5 20.06 2397 19.5 5.72 872 52.4 1.33 171 286
mean 21.09 22.76 79 8.33 9.95 194 1.87 2.49 33.2
A 1552 P £EF7NEAY 4% ¢k chlorophyll a5 %7t 32 ug/ (A EEFAEY NAF
(4 Clyoll A 98.7%, £&5F7I09 A s upg =7} 10,000 cell/ml)ol ol A &AslE oW H2g
(A C3)ll 1 60% Atzsjor stk g 4t MA ¥ 5 dE HE HYs] 95k *ol?—'}"
}H(Fig. 8(B)). S73elA %?JEI‘“ Fed FaFH  dFo] T U AHHA CLIF AUHoE Jio
5 A7E nEES W, ¢ ¢FEA ChA ZFe v upgHR(AE CAA EAEAT 19X &
A BEFNALY 57.2%, W wRR(AE CYolA  ARFSE 2AHNGES o 7 uEERAA C3)dlA
zy)0lo] 384% 2bzhdt 73-:— FAol [F22 9 chlorophyll a ¥=¥3lE A9 Yehz gte
g ArHFig. 8(C). wekd & A&Z(AHAP Chell o, T (F(HFA CDlIM 905% F3tds Az &
A GdUdge]l nFRR ez?i?i}"' Ae AL dYY  %F chlorophyll a F=7F 32 ug/ieldt2 Yttt
of &4 FatEwt ofvet el wHEY F¥Ed  (Fig. AA). EFY JIAFTE=E 9%6.6% 23
EFolr, ¢ HlZE(FA CollM e d¥ded 4 & A%, u upgH(AHF C3)9lA chlorophyll a7}
FatgFR AdFed o3 gFol & AE Y 7 32pug/018 TR LIV B oY, 7 FE(H
At H CDAAMY Wsle A £ 7 YTk &3 o
£ SAZREHY JIE eIy dFFEE dde SARIF 2 dFTEE FAl AzHEA
o BRR Azetd, HzEAd 4L HaAE & AE W ABRAAE CDAMTE 865%, T uigE
+ Qe 1 A% Fig. 991 Yehidch 4F4E (AW ColME oF 93% A7sked ok, chlorophyll
SATHE D BEROLE 10064 44D A% a $EAF 32 el ol8A A o A2 o
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