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A Study on the Numerical Evaluation Method for CO, Absorption by Marine Ecosystem

by Haruki Yoshimoto, Member

Shigeru Tabeta, Member

Summary

Technologies enhancing primary production are expected to promote CO, absorption by marine ecosystem. When we
evaluate the effectiveness of these technologies, ecosystem models are valuable tools for evaluating the amount of CO, absorption.
To evaluate the amount of CO, absorption by marine ecosystem, we made an ecosystem model, which has detailed decomposition
process of particulate organic matter. In addition, the model can simulate both carbon cycle and nitrogen cycle, to consider the CO,
flux between atmosphere and ocean. As a result, the model suggested that detailed biodegradation process improves the accuracy.
Then we embedded the ecosystem in the three-dimensional physical model and tested the effectiveness of the coupled mode by
comparing the simulation with observation of the coastal sea area of Nagasaki. Finally, we suggested that the carbon budget between
atmosphere and ocean would fluctuate with the variation of the vertical profile of C/N ratio.

B
il

TRIEAR DB LT 0N TIFA, BRI~ OKEIE G
PEAR) 7R EOFENBIREZS LTV DY L b o
TIE, KA KD R FEOWE NS 20T,
DI & & HITRKED BUFE~D R IR 58 O WL A W] FF
TE 5. “BbRBWIEITBRH AN 2R TH LD
O XD R BAR DR 2T T 2 BRICAERERE T L 2 I
tﬁ%ﬁ%@ﬁmv::v—Vayi#ﬁ:ﬁ%ﬁ&é#ﬁ
?ﬁ‘éiﬁé?é TR R FEVIZ L, FRSE DBLERE ) B 1

ﬁkéﬂéi%T/7#E¥ﬁ&ﬂ%%hbf“é#
T OHRIT AR Ok & S RRRIZ L > TR SN, L
U, BEFEDERRE T VD% AXH M O 53 iR % 8 HIZH)
STWDLHDONREW. Fiz, NLHEARCHEBKEZFAT 2
B cix, &0 2B LRFIRE OBV E RG> TL
52 LI2XD CO, DREA~DHH & A ROBIZ X 5
CO, DWRIND L5 CIERDWIL KU AR FE 573, Tk ik
O 5 FERNTMARPORE  EHRILOME M TH L. 772

OBRRSsHTA A TF T, vVt ATy R
(WFFEHIRE AR SR B AT JE )
xR TR BT AR BRI SRR
ARG PR 1948 H 29 A

bbb ZOT rEREFET A T DITITKFE, ERIT ONEER
%%<M%ﬁ%é.ik$%$y7 WLkt RIS Y A
ﬂww>UNm%EMé@é:aiﬁ%ﬁfék#ﬁuﬁ%
MOFHEETDR TR B/,

AWPZECIE, LFLoZ L a2BE L QRFEAERRICE D T
(LRBRIN B Z B S 2 L—3 a o T+ 52 —E0F
BEREL, WK~y > FIZL D AT AICEH U CEE
(2 IR SR RN 7 A A % . BRAIZIZLL F O FIE T
TaATo 7.

TR BRI FEOFMA B E LI EBRET V&
WES D, ZOETIVORHEDO— 2T HEY O Gy ffim e
ZRHREIZFR L CWD 2 & Th D, Gl oW
KERWTEERT —Z LONRNTG A= T 4T 47
AT 9 . R COBIMT — & & WV TR THEE L
T2 AERER T TV DO FEMEIZOWTHETT 5. [, BE
FFOERBRET L & OGSO 2170, i
LI AERERET VORI ETIND.

R LT EERET LV EMFLE T L LA bE T 3
WO S ET NVEREL, AL~ 7 K
DB SN EBEOBE Y I 2 L—ya VU ET)
HEEAERESR O R 70 AL iR SR W d % BRI 5 5 72
¥, 3WILE T WIT K D FHERERITEE SV CTEE 1 k0T



20 H AR AR T

ETNEET D, ZORMET VAW T A LB
I LD EMORFBIK 25T 5.

2LEBRETIL

21 EEBRETILOHRE

{ELZEAEWRFE D E T MTIRIRAERER OB RBRZ W O &
F AL W BTV D KKYS(Kishi, Kawamiya, Yamanaka,
Suginohara)¥ %z ~—2 & L, §M 7T 7 k2 OSRIERIC
H S\ THES S vz PDP(Phytoplankton Decomposition
Process)E7 /L D& BEIC L TILELE. DE 0 /EHRS 7
DNRINE, BRI OGN ER T A ThHLEEZD
noH0T, HEME G o (POM) & #ES iRt (SR-POM)
O 2Ty T D EEbIT, X7 T U T (BACTERIA) %
SLFmarR—h A RELTHS 2 E LT Fig LS,
AT DERERET VOB ZRT. N7 T VTR oW
BREOR S & STV DIBEFEAHY (DOM) 1%, N7
TVTENLCORGHIND & LT,

F72, KKYS TIEERMBER OB WO TWDDITHEL,
FaLN— AV NDORF/ BHRLENRTA—H L L THE
AL, REMEREEFREROP G M & L Liz. 728,
DOM D5/ BEHILIC L > TRZ 7 U T O AL B
BT DL 22> T DHT2%, DOM DfREZEFH LD Bk
BB L Lo T 5.

B 5 CRIB I IEITAL D T AR R B b 5 23 B
BIRFRE bRz, HEEEAEEOMRZRITIE CO, # K
RICHET 5 Z 81225, 2O HEE L TIE%RO R EIL
XEHET 72012, WHEEFRFE (DIC) O3 /3— kR
Y NEEBAL, ML « SRRICHED Ko DIC D%
fbEHE L. 2720, K&—BHEMORE T 7 v 7 AXH
AR AEFE/ LIC Lo TEKFD DIC BENE(LLich%
T2 BB T 2 L E L CEAE L.

DI, MELEARRETAVOE T 0 AOXE RS
L. 7k, XPOPHY IHW 77 7 R, ZOO X8~
Z>7 by, BACIE AN T U7, TId/KIR, lh3KE TOH
FETHD.

ERMIIE 65

2007 12 H

1 S
PHYTO- 13
PLANKTON
P .
1. Photosy nthesis
Z00- 2. Respiration
PLANKTON 3. Mortaliy
4. Extracellulr Excretion
f 5. Grazing
6 6. Mortality, Egestion
. M 7. Excretion
POM l¢- 8. Decomposition
9. Sinking
10. Backeria Uptake
* 10 91 11. SR-POM Formation
11 . 12. Respiration
BACTERIA » SR-POM 13. Decomposition
14. Sinking
- 15. Nitrification

| llél
13

Fig. 1 A schematic diagram of the developed ecosystem model
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(Respiratim—PHY) = R, exp(k,T)PHY
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FHIESN 53 UA(4. Extra cellular Excretion)
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PE#E (7. Excretion)
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(Decompositon—POM into DOM) =V, exp(Vppr) POM
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T E=TREEHR O (15. Nitrification)
(Nitrificafon) =k, exp(k,; T)NH,
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Fig. 2 Time history of nitrate concentrations in the degradation
experiments and corresponding calculations.
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Table 1 Parameters of the developed ecosystem model
Symbol Content Value Unit
V max Maximum Photosynthesis Rate at 0°C 0.35 /day
k Temperature Coefficient for Photosynthetic Rate 0.0367 Ic
Kn Half Saturation Coefficient for Inorganic Nitrogen 3.0 w mol/L
lopt Optimum Light Intensity 0.07 ly/min
ay Light Dissipation Coefficient of Sea Water 0.035 /m
[P Self Shading Coefficient 0.0281 L/ moIN
LY Ammonium Inhibition Coefficient 15 L/ mol
v Ratio of Extracellular Excretion to Photosynthesis 0.135
Ry Respiration Rate at 0°C 0.03 /day
kg Temperature Coefficient for Respiration 0.0519 IC
Mpo Phytoplankton Mortality Rate at 0°C 0.0281 L/ 2 moINday
Kmp Temperature Coefficient for Phytoplankton Mortality 0.069 IC
GRnax Maximum Grazing Rate at 0°C 0.30
Ks Temperature Coefficient for Grazing 0.0693 IC
A Ivlev Constant 14 L/ . moIN
Chl* Threshold Value for Grazing 0.043 w« molN/L
a Assimilation Efficiency of Zooplankton 0.70
B Growth Efficiency of Zooplankton 0.30
Mz Zooplankton Mortality Rate at 0°C 0.0585 L/ moINday
Kmz Temperature Coefficient for Zooplankton Mortality 0.0693 IC
Vrio PON Decomposition Rate at 0°C(to 10) 0.30 [day
Verr Temperature Coefficient for PON Decomposition (to I0) | 0.0693 IC
Voo PON Decomposition Rate at 0°C (to DON) 0.30 [day
Vepr Temperature Coefficient for PON Decomposition (to | 0.0693 IC
DON)
Kno Nitrification Rate at 0°C 0.30 Iday
Knt Temperature Coefficient for Nitrification 0.0693 I'C
S Vertical Current Velocity 0.36 m/yr
C/Nppy C/N Ratio of Phytoplankton 6.6
C/Nzoo C/N Ratio of Zooplankton 4
C/Ngac C/N Ratio of Bacteria 4.8
C/Npom C/N Ratio of POM 6.5
C/Nsgp C/N Ratio of SR-POM 7.5
KpomsB Rate of Bacteria Uptake 2 1/(mg/L)/day
Kgs10 Bacteria Respiration Rate 0.35 1/day
Ke>srp Rate of SR-POM Formation 0.035 1/day
Ksrp>10 SR-POM Decomposition Rate 0.008 1/day
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