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Abstract

A ecosystem model was applied for understanding of circulation process of state variables in marine ecosystem. A mass
balance was conducted by calculating the physical process. The sensitivity analysis was conducted to know which coefficient
is the most effective factor to the state variables in the model. The results of the mass balance indicate that the primary
production was 58.6 ton C/day in the case of mass flux. DIN and DIP in nutrient ingestion of phytoplankton were each 7.9
ton N/day, 1.1 ton P/day. POC and DOC in mineralization of organic matter were each 10.8 ton C/day, 40.6 ton C/day. The
results of sensitivity analysis showed that the maximum growth rate of phytoplankton was the most important factor for
overall state variables. In the case of nutrients, Half saturation constant of DIN, and mineralization rate of DOM for COD

were important factor.

Key Words : Ecosystem model, Deep ocean water, Mass balance, Simulation, Sensitivity analysis
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Fig. 1. Model region.

Table 1. Input data for model

921

60 m), 32(60 ~ 100 m
~ Aoz HESk 7# H Tre 13 920711(48X
58x5)2 FHJstAnk. 271A1ek AAA B A gh=
?ﬂ%oﬂoksz} ZALA H2004(ZY5AFERY, 2005a)

SFRAFA (= H AT, 2005b)2) 7|2
%L(—aﬁ AR, 2005; E733, 1997)001 4 283t gk
S #F315}0] Table 13} Zo] LAIEIYL) o] &
2o 7]&9) A= H4AR}EH, 20052, EHS
AbFslel, 2005b; BieFA R, 2001; FjoutstaEol
s, 2001; AR, 1997)00| 4] AFYE 7hS vhgto g

|85kt

r.& >1'ﬂ r

Parameters Input values

Mesh size Ax = Ay = 500 m

Level l: 0~ 20m
2: 20 ~ 60m
3: 60 ~ 100 m
4 100 ~ 140 m
5 : below 140 m

Total mesh 48x58x5 = 13,920

Water depth
Time interval

chart datum + MSL
50 sec

Initial condition for compartments

Temp DO COD DIP DIN POC DOC PHYTO Z00
(0 ( mgL ) ( pgatll ) (  mgC/m’ )

2.67 7.5 0.80 0.80 1.60 120.0 1500 30.0 5.0
23.89 8.5 0.80 0.80 1.80 120.0 1500 30.0 5.0
Boundary condition for compartments
Temp DO COD DIP DIN POC DOC PHYTO Z00

(0) (ng/L) (ug-at/L) (  meCm )
2.67 7.5 0.80 0.80 1.60 120.0 1500 30.0 5.0
23.89 8.5 0.80 0.80 1.80 120.0 1500 30.0 5.0

Calculation time 20 days
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Table 2. The biological parameters used in the ecosystem model

5

No.  Symbol Definition Unit Values
1 al Maximum growth rate of phytoplankton at 0C /day 0.67
2 a2 Respiration rate of phytoplankton at 0C /day 0.01
3 a3 Maximum grazing rate of zooplankton at 0C /day 0.18
4 a4 Mortality rate of phytoplankton at 0C /day 0.01
5 as Natural death rate of zooplankton at 0C /day 0.054
6 a6 Mineralization rate of POC at 0C /day 0.010
7 a7 Mineralization rate of DOC at 0C /day 0.003
8 a8 Sediment release rate for dissolved phosphorous mg/(m’ day) 9.0
9 a9 Sediment release rate for dissolved nitrogen mg/(m* day) 25.0
10 ab Oxygen consumption rate of sediment at 0C mg/(m’ day) 1500
11 Ksp Half saturation constant for uptake of DIP at 0C mg/L 0.10
12 Ksn Half saturation constant for uptake of DIN at 0C mg/L 3.00
13 p* Function of grazing mg C/m’ 75
14 i Digestion efficiency of zooplankton % 70
15 v Total growth efficiency of zooplankton % 30
16 A Ivlev index for grazing /(mgC/m’") 0.01
17 K Percentage of the quantity d.ecomposed from POC to DOC to the quantity % 25

mineralized from POC

18 K'DO Half concentration of DO for mineralization of POC mg/L 1.0
19 K’DO Half concentration of DO for mineralization of DOC mg/L 1.0

20 Ka Reaeration coefficient at sea surface /day 0.25

A A o] 4=215to]] ARE-Fl Table 20f L}
WA Esetiebe) 7] 5, o), Tl @ 4 8ghe 7]
2 0] AT(F| YA, 2005; SFH 2, 2001; 3
OFupsla =4y, 2001; EAFE, 1997; Jorgensen
5 2000)°1| A &Xé% W 7122 sk AR

o

AET FEF7AR0] 5t AR F=E M
w3 Aaf, A e x=0.165 ~ 1.270 ug-at/L2] tggq
2 3 0.648 ug-at/LE H 331, A A= 13.10 ~
56 %2 HO|= Bt 28.26 %= AAIE| T

BHHPE § EET7ARY) SR e R
9 tH*J’é‘H%ﬂ W 225 AHgste] Fig. 2 ~ Fig. 5o 1

Z7)1 A0 9 15004 03 ~ 2.0
ug-at/L XJEA V25 UGl o, 2500l A= B2

2] o)A 1.0 ug-at/L ©]a}e] ZF JehfiaL, 159
7450} o) 2] 9o ubet FAT B W= HolA]
okorc}. slslA A]-/\&——,La—l 3-F= 1504 0.2
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QA FEAfol 15:9] B9ukE 24 st
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Fig. 2. The distribution of the simulated DIN in first Fig. 3. The distribution of the simulated DIN in
level (ug-at/L). second level (ug-at/L).
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Fig. 4. The distribution of the simulated COD in first Fig. 5. The distribution of the simulated COD in
level (mg/L). second level (mg/L).
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Table 3. Sensitivity analysis of state variables by change of coefficients value

PHYTO ZOO POC DOC DIP DIN DO COD

Maximum growth rate / 2.0 -21.5 -0.1 0.0 0.0 11.9 42.0 -0.2 -0.9
Maximum growth rate x 2.0 39.5 0.1 0.0 0.1 -21.9 -77.1 0.4 1.7
Phytoplankton mortality / 2.0 4.0 0.0 -0.7 0.0 0.0 -0.1 0.0 0.0
Phytoplankton mortality x 2.0 -8.0 0.0 1.3 0.0 0.1 0.2 0.0 0.0
Zooplankton grazing rate / 2.0 2.3 -2.8 -0.2 0.0 0.0 -0.2 0.0 0.0
Zooplankton grazing rate x 2.0 -4.6 5.6 0.3 0.0 0.1 0.4 0.0 -0.1
POM mineralization rate / 2.0 0.0 0.0 3.6 -0.1 0.0 -0.2 0.1 0.6
POM mineralization rate x 2.0 0.0 0.0 7.1 0.1 0.0 0.4 -0.3 -1.3
DOM mineralization rate / 2.0 0.0 0.0 0.0 1.1 0.0 -0.7 0.6 2.8
DOM mineralization rate x 2.0 0.0 0.0 0.0 -2.1 0.1 1.4 -1.3 -5.5
DIP half saturation constant / 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DIP half saturation constant x 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DIN half saturation constant / 2.0 21.7 0.1 0.0 0.0 -12.0 -42.2 0.2 0.9
DIN half saturation constant x 2.0 -17.2 0.0 0.0 0.0 9.5 335 -0.2 -0.8
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Fig. 8. The distribution of contributed physical process to
DIN in fifth level(140 m~).
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