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A Numerical Prediction of Nutrient circulation in
Hakata Bay by Sediment-Water Ecological Model(SWEM)
by
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Abstract

In order to predict nutrient circulation in Hakata bay, we have developed an ecosystem
model named the Sediment-Water Ecological Model (SWEM). The model, consisting of
two sub-models with hydrodynamic and biological models, simulates the circulation
process of nutrient between water column and sediment, such as nutrient regeneration
from sediments as well as ecological structures on the growth of phytoplankton and
zooplankton. This model was applied to prevent eutrophication in Hakata bay, located in
western Japan. The calculated results of the tidal currents by the hydrodynamic model
showed good agreement with the observed currents. Moreover, SWEM simulated
reasonably well the seasonal variations of water quality, and reproduced spatial
heterogeneity of water quality in the bay, observed in the field. According to the
stmulation of phosphorus circulation at the head of the bay, it was predicted that the
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regeneration process of phosphorus across the sediment-water interface had a strong
influence on the water quality of the bay.

Keywords : Sediment-Water Ecological Model (SWEM), Eutrophication, Phosphorus
circulation, Hakata Bay
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Table 1 Parameters used

model of SWEM

Sz AwEe o
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in the hydrodynamic

Parameter Symbol Value Unit
Time step FaNs 20 sec
Coriolis parameter F 8.1x10 1/sec
Gravitational G 9.8 m sec 2

acceleration

Horizontal eddy A A
X

100 m?/ sec

viscosity
Sea surface friction B
coefficient Ya 0.001
Internal friction 0.005 _

coefficient

Bottom friction
coefficient

7b

=g/c?;
¢ is Chezy’s coef.

sea surface ;=G (s, 5, )

(a) coordinate system of model
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(b) vertical grid system and calcufation terms

Fig. 3 The coordinate system (a) and vertical grid
sssystem and calculation terms (b) in the

numerical model.
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Fig. 4 Schematic views of material circulation flow in the SWEM model.
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Table 2 Mathematical formulation of the bio-chemical processes used for the ecological model. Suffix
i beside the variables denotes layer positions : 1 for surface layer of water, 2 for bottom
layer of water, 3 for upper layer of sediment,

4 for lower layer of sediment, respectively

Phyto1 (PA)

dPA | [di=Cip  PA -Ep, PA1-Dp  PA1-R 1 PA -G, 2P,
-WpPA,

dPA I Gp) PA-Ep PAy-12p PAS-R . PA -G, ZP,
-Wp(PA,-PA))

Phyto2 (PB)

dPB/dr=GpaPB-EpyPB ) -DpyPB -R oo PB -G 75 ZP,
-WpPB,

dPB/di-GpyPBy-LipnPBo-DpyPBy-R)PBy-G 7, ZP;
SWp(PB,- P

Zoo-plankton {ZP)
d7 1\ 1dr=F pa Ny Gz ZP ) +F pwNy Gy ZP <D, 70,
dZPa.’dr—prNYU( l/]/‘ 2+ f‘pryu(!z')ZP*)'DzZPz

Detritus (Det)

dDety/dr=F pyDp  PA+F pyDpa PB + D2 ZP 1 +0.35Fp Gz
ZP,+0.35Fpy Gy, ZP,-KpyDet,-WpDet

dDety/dt=FpwDp PA prDmPBz‘*‘DZsz""O‘:; 5SFpwGzy
7Py +0.35Fpy (G727 P3-KpDety-Wi(Dety-Det,)

DOP

dDOP /dt=FppEp, PA | +FppEp;PB+0.35FppG, 7,
+0.35Fpp G727P1-KopDOP +FpKpDet +Lpgp

dDOPdt=Fppkip, PA,+FppEp,PBy+0.35FppG 7, ZP;
+0.35F pp G 22P 3-KopDOP+F ,pK s Dety

DiP
ADIP {/d1=-F ppGp) PA | -FppGppPB 1 +FppRe  PA,
+FppR e PRy +KopDOP  +Loip
dDIPy/dt=-FppGpy PAz-FpmePBz‘*’Fpde PA,;
+FppRPB,+K pDOP,+Kpay TOP ha/hy
+YAQADM(DIP-DIP)/(0.5hs3hy)
ADIP/dr=Dpg(DIP - DIP (0. 5hy Hy )+ Kp/@ N EA -
DIP3/@)-AgaDy(DIFy-DIP,)/(0.5hshs)
S TOP,+(Kp/m N ER3-1.3B00Oy)
i 5 /(DIP;+DIP3o))
dDIP,/dr—DM(DIPq-DIP,,)/(O Shyt)+Kiopa TOP,
+(Kypl@) EP 4-DIP /a1

DON

dDON /dt=T pptip PA4 +FpnEpaPB+0.35Fpn G ZP,
+0.35Fpy GZEZPI'KONDON i +FZNKDDCH+LDON

ADONYdt=F ppEp  PA+FpnEpa PB;+0.35Fp Gy ZP>
"’OJSFPN Gzzzp:rKONDONZ‘FFZN KDL)ClZ

NH N (NH)

dNT L dt=FppyGipy PA 1 F 21 /(F 2 +F 22)-FpnGpaPB Py
fFy+ sz)*FPNRclPA[*‘:PNRez"*in*K(>NDON|

KenNH +y

ANV dr=-F oG PASF 11(F 71 +F 12)-FonGpaPRoly,
KFyy+Fya )+ FpR ot PA s+ FpyRoy PBy+KoNDON,
“KenNH;

ANHA/di=Dpf(NH4-NH; )/(0.Sh3Hy)-Dyy(NH; -N1H,)
£0.5h3hy) K 3 TON 3 H{K pn/e0 S EN3-NHy/a)
-KenNH;

ANH et Dy N1 13-NH)/(0.5hHz) +Koons TON
KenNHg HKpn/o ) ENg-NH/a)

NO,-N (NO)
dNO/d "-FPNG,)Il'A,l“zz/(}"z‘+F23)-FPNGPQPB|Fyg
A¥yy tFyg) +KenNH-KgNO 1 +Lnos

AN dr=-FpGip PASE 22/(F 21 +F 22)-FpagCipa PBaF v
HFy 1 +F )t K o NH3- K NO 2+ D NO3-NO )
A0.5h3h,)

ANO/ =D (N 4-NO3 (0. 5h H,)-Dyg( NO3-NO )
H{0.5h3h3) +K oy NH3-KNO;3

ANO =Dy (NO3-NO ,)/(0.5hyFl,)+K - NH,
“KNNO,

cOD

dCOD,/di=FpcEp, PA+FpcEpsPBy+0.35FpcG 2, ZP,
+0.35FpcG 3 ZP+FpcKpDet-KCOD; +con

dCODdt=FpcEp PA+FpeEps P 1 035FpeCiy  ZF,
+0.35FpeG 202 P5+FpcK pDety-K-COD,

TCOD,=0.59(F py(PA, +PB )+ ZP, + Iet; 1 COD,

TCODZ=0.59(F py(PAy+ PBy)+ZP; +Dety)+COD,

DO
dDO /dt=F pGpy PA+F pGpa Py -K o COD,
“FpoReiPA{-FpaR;PB -4 5TKNH,
+3.43KNO | +Byyi(Houws-DOY)
dDO/dr=FpaGp PA>+FpGip,PBy-KCOD,
-FpoRe i PA-FpaR o PBa-4 ST NH,
+3. 43KNN02 'demDM(rcoiDO x*DOg)
/0.Shhy)-R o Kpgy TOP3hy/hy
dDO/dt=R g Dt 04 DO 4153104 1/(0.5h31 1)
"Ry Dt(Fe3DO3-DO2)/(0.5h3hs)-R ppKy o3 TOPs
-4 57K enNH3+3.43KyNO;
dDO 4/dr=R g, D a(r 63D 031540, )/(0.5h4l 1)
“RopK s TOP 44, TK NN H,+3.43KNOg
dOp/d=-KpyyOpDO/(DO3+ DO )+ R Kpyp A DO,
ADO,+DO,)
dANIAr=KppOMDO (DO 3+D030)-Rx KpapAn DO,
ADO,+DO,)

TOP
ATOP/dr=FppW pPAx/(Yhy )+ Fpp WpPBy/(vhs 1+ F W Dety
/(Y13)-K 403 TOP3- W TOP3/hy
dTOP/dt=-Kio04 TOPs+ W TOPy/hy- Wy TOPy/hy
K} TOP,

TON
ATON/di=Ry s TOP,
dTONdr= Ryp TOP,

Sediment adsorbed phosphorus
dEAs/dt=-Kgp(EA;-DIP3/0)

dER y/dr=-Kg(ER3- 1300} DIPy/(DIP3+DIP;,))
dEP4ldi=-Kgp(EP4-DIP y/a}-KpEP,

Sediment adsorbed nitrogen
dEN;/dt=-Kgn(EN3-NH/a)
dEN y/dr=-Kg(EN4-NH, /)

Loons Lpors Epips Lands Lvoss Leop: Input foadings from
outside

h,: layer thickness, suffix / means surface layer of water

(1), lower layer of water (2). upper layer of sediment (3).

lower layer of sedimemt (4). Hz: Total thickncss of

sediment layer (=hy+hy)
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Table 3 Definition of symbols and the values of preset parameters
Symbals Definitions Setting parameters _Symbols Definitions Value Una
Gpy  [Growth rate of Phyto! Graa FriFia (Fy tEy2)Fy Ep  [Excretion rate of Phyto-pl. 0.05 -
Gps  [Growth rate of Phyto2 Guaz FroFua (FtFpy)Fo Dp Mortality rate of Phyto-pl 001 tday
Giaxy  |Maximum growth rate of Phyto | 0.23-exp(0.0993-T) R. Respiration rate of Phyto-pl 0.01 fday- C
Grax2 [Maximum growth rate of Phyto 2 1 8(T/10- expl] O-T/1MF3E  wp  {Settling rate of Phyto-pl. 02 nvday
Fy,  |Dependence term on temperature(T) [T725-exp(1-T/25} wp  [Settling rute of Detnis 03 m/day
Fya  [Dependence term on temperature{T)  {(T/10-exp(1-T/10)) Wz Filtration rate of Zoo-p! 0.35 { img/day
Fia  |Dependence term an hight imtensity(1) 1K .+, (Kjy =1 Skluxy Kyp [Saturation cffects of Zoo-pl 006 mp//
ki [Dependence term on hight intensity(l) H/Kyy exp(l-1Kyy,), (K= 15ktuxy Nyy |Growth efficiency of Zoo-pl 03 -
Fy.Fz; [Half saturation term of Nii, NH4AKppatNHA), Dpz  [Mortality rate of Zoo-pi. 004 tiday
(Kype=0.03 mg 1"y Kzp |Saturation effects of Zoo-pl 006 mg!
Fya.F7a [Half saturation term of NO5 (NO3AK,3+NO3)Rye3. Kpg  [Decomposition of Detritus 003 Lrday
(Kpo3=003mgt") | Kong [Decomposiion of DON 004 trday
Fp  [Half sateration term of DIP DIPAKp+DIP), Keno  [Nitrification coefficient 006 tday
(Kp=0.003 mg ") Kno  {Denitrification coefficient 02 Fiduy
Ryoy  [Ratio of mitrate uptake exp (-14.0-1 462-NH4) Bakki  JReaeration rate cocfficient 1.0 m/day
Epy Eps fExereton of Phytol and Phyto2 GpiEp, Gp2Ep Fpw  [Dryweight/Chl-a ratio oD -
Dp,.Dps [Monality of Phytol and Phyto2 Dyprexp(0.0693-T) Fpe  [COD/Chi-a ratio of Phyto-pl. 0 59Fpw
R, .R¢; [Respiration of Phytol and Phyto2 ReT Fpn  |N/Chl-a ratio of Phyto-pl 6022
Wp  [Settling of Phyto-pl. wp/h Fzn  [N/Dryweight ratic of Detritus Q0547 -
Gy;  |Grazing rate of Zoo-pl with Phytol.  1G PA/PA+PB) Fpp  |P/Chl-a ratio of Phyto-pl 0.833 -
Gya  |Gracing rate of Zoo-pl with PhytoZ |Gz PBAPA+PB) Fzp  P/Dryweight ratio of Detritus 000757 -
Gz (Graung speed of Zoo-pl Gz Kyp{PA+PB) Fze [CODMyryweight ratio of Zoo-pl.| 039 -
KKzp+H{PA+PB)) Fpe  ICOD/Dryweight tano of Detritus 059 -
Gye  |Grazing term of Z.00-pt pz (T25-exp(1.0-1/25))1 © Fpo  |DO/Chi-a ratio of Phyto-pl 2 26F ¢ -
3y  [Mortahity of Zoo-pl. Dypz-exp(0.0693-T) h Layer thickness m
Kp  (Decomposition of Detntus Kpeexpl0.0693-T) [+ Adsorption equilibrium constant | 0.25 a/mi
W [Setthng of Detritus wp/h Y Porosity of sediment 0.78 -
KON jDecomposition of DON Kono €xp(0.0693-T) © Volume/Weight ratio 1.3636 miig
Kor  [Decomposiion of DOP KON of porc water/dry mud
K¢ jDecompositon of COD Kon 8 Activity of oxidized layer 03 -
Ko  |Decomposition of TX) Kon2 26 for Stored-Phosphorus
Ky {Denitrification rate of NOy Kpo(1.03T-18) Rym  [Revising fuctor of Dy for *1X0" 30
(2-DOWDO+2)) to that for "DIP"
Ken o INanfication rate of NHy Keno( 103718y DIPyy  [Michaelis constant of DiPy 10 mg/!
(DOADO+1.0)) D03 jMichaehs constant of DOy 10 mg/i
Ry |Revising factor of Kyp 1 04+Crxcos((2 7 /365) DOw  [Michaclis constant of DOy 10 mg/l
“(day-290)) Kgp, Ky |Adsorpuion or desorption 0.0001 Lisec
Kpp |Pecomposition rate by benthos if DO4>0 then rate cocflicient
0.02/(D0OLADO0,40.1)) Kg Precipitation/dissolving rate coefl | 0.1 Kgp Vsce
-exp(0.15(T-15)) Kmp  [Production rate of "OM" 0.03 t/day
else Kpg =0 Kpp | Diminishing rate of *OM” a0l }iday
Kuns |Decomposition of TOP4 0.05-exp(0 0693 T) Cpx  jRevising coeff of Ry 03 -
Kiops {Decomposition of TOP, 0.1 Kigp3 K¢ |Production ratc of EP, 0005 1iday
Kgny  Pecomposition of TON; Kiopa Ky Production rate of TOP, 0003 Hday
Kpms  |Decomposition of TON, Kiops Wy |Sedimentation rate Q0004 m/day
Aga  [Revising factor of DIP releasing iTOM > AM then Ryp  [Conversion factor N/P 724 -
1.0/(1.0+2.0-exp(2 0-(OM Rop  {Conversion factor DO/P 143 —
-AMY(OM+AMY)) Ron  {Conversion factor DO/N 197
i OM=AM, Aga=1/3 Dy [iffusion coeft w sedument Javer
HOM<AM, Aga—1.0 Diffusion coefficient of DIP 0000042 | m-day
Yoo Feod JREVISING tactor of diffusion coeft of {if DO1<0, 1305 Diffusion cocfficient of NE{-N | 0000090 | m/day
DO n bottom sediment DOy >0, 1 3=1 0 Diffusion coefficient of NOg-N | 0000093 | m/day
if DO, <O, 1o4=0.5 Duffuston coefficient of DO Q00000 | mday

DO4 >0, reoq=10
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pses(solid line) on M; and S; tidal
constituents and observed ones (broken
line) at the upper layer in St. 3 and St. 5.
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