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Abstract: The marine ecosystem model has been established on the basts mathemat-
wal simulation for the material transformation through compounds of the system.
The phosphor cycle is chosen as an example for eco-hydrodynamic model. In the
cycle, phosphorus element is transformed through five compounds (Phytoplankton,
Zooplankton, Detritus, Dissolved Organic and Inorganic phosphorus) by different
bio-chemical processes. The eco-hydrodynamic model has been established on the
basts turbulent diffuse model in combination with the material transformation model
(as phosphor cycle model). The general model is analyzed into simple models, which
are applied to the sea area of Binh Thuan-Ninh Thuan province and Tam Giang-Cau
Hai lagoon of Thua Thien-Hue province. The obtained resulls are very important to
study the biological and ecological characteristics of marine plankton communities,
to simulate and predict the variation of living and non-living compounds, especially,
to monitor the marine environment and ecosystem.

1. Introduction

Recently, mathematical models and numerical methods have been widely used for
researching the marine ecosystems. One of those is to solve the Eco-hydrodynamic prob-
lems that have been established on the basis of combination between diffusion model and
the model of material transformation in the marine ecosystem. The results coming from
the application of the model allow us to look totally and optically at the development
tendency of the system under the influence of the marine thermo-hydrodynamic condi-
tions. The results also allow us to determine the basic and general relationship in the
marine ecosystem, to predict the variation of living and non-living compounds in the sea,
especially to monitor marine environment and ecosystem.

[n this paper, some kinds of marine ecological model and Eco-hydrodynamic model
are introduced. The applications of these models to Binh Thuan-Ninh Thuan sea area
and Tam Giang-Cau Hai lagoon in order to study characteristics and variation of com-
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pounds of marine ecosystem, especially primary productivity and in order to study the
ecological effects of physical, environmental conditions show that the good results have

been obtained.
2. Equations of the models

Marine Ecological Model

The marine ecological model has been established on the basis of mathematical sim-
ulation for the material transformation through the compounds of the marine ecosystem,
in which the living compounds are only limited by phytoplankton and zooplankton. In this
study, the phosphorus transformation cycle is chosen as an experiment for application of
the Eco-hydrodynamic model. In the cycle. the phosphorus (an essential element for life)
is transformed through five compounds C';(i = 1...5) by different bio-chemical processes
K;(j =0..7), fig. 1 [1}. The cycles for transformation of other elements are considered in
the same way. Combining the cycles to each other, we have the general model for material

transformation in the marine ecosystem.
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Fig. 1: Schema of phosphorus transformation cycle in marine ecosystem
Mathematical model to simulate dynamic of material transformation in the cycles
is following:
difdl = R = 1.an) (1)
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where (', is the biomass (or concentration) of " compound; R; - the total speed of
variation of biomass (or concentration) of i'" compound. For phosphorus transformation
cycle, the mathematical model is following:

Aot = By =1y = B K= bilal 50
dCy /dt = Ra|(bCy + b3Cs)ba Ky — K3 — K5|C)
dCs/dt = Ry = K4Cy + KsCp + (5,C) + b3Ca)(1 = by )bg K2Ca — b3 K2C3Cs — KoCs
dCsy/dt = Ry = (b;Cy + b3C3)(1 — bp)(1 — by )by K2C, + bsbg K3C3 + bebg KeCa+
bbby KOy — KOy
It = iy = Ry & 1 = Balbai0ily +:0 <BeibaRaCy + (=t b ks Gy ~beKiC
(2)

The speeds of K; depends on environmental conditions, they can be determined by
using some empirical formulae, as follows [4, 5, 6]:

Ko(1/day) = PoExplQo(T — 20) — Up.Ln(M P)|
Ky (1/day) = K| max- min[A, B,C, D]

! if S-0

? Kamax-5(2 = 5/51)/5 if 0<S<S
Ko(m” /myg.day) = ‘ I
f\2|uux If .‘_';'] < e, < 52

Ky maxfll + Pv‘\_(f)' e 52” if 5.8
Ky(1/day) = Py ExplQy(T — 20) — Us.Ln(M 7))
Kis(1/day) = Pys.exp(QasT —Uss.T)
f(ﬁ.?( I ',"gfa‘ty] ”37 EJ‘I}(QG‘T]‘)

where:
Ry max (1 /day) = Exp(QT - Uy)

: _ PO, : N _ SOy
A e I_‘;.I-‘}'J ] = pynm eyl 1 el e et WP ey L) = oy
2,72.C0* 2, T200+ P+ + POy N+ N Si % 48104
N NHy + NOy + NOy

S (.-‘1 | (.“!

X.Exp|0,08(Timin — T) i P eFo
Kamax =¢ X if Tmin €T € Tinex
X.Ezpl0,08(T — Triax )| — Q2T = Thnax) if T > Thnax
X = 0,000682 Exp|—Us. Ln(MZ)]

In the empirical formulae: T'(°C') is the environmental temperature; Tinin, Tmax(°C)
- the minimal and maximal temperature in the optimal temperature interval for growth
of zooplankton population, respectively; @, Q= (cal/cm?/min) - energy of photosynthet-
ically active radiation and half-saturation coefficient of light intensity, respectively; e -



10 Doan Bo

base of natural logarithm; POy, N Hy, NOg, NOy, SiOs(mgP. N, Si/m?) - concentration
of phosphate, ammonium, nitrite, nitrate and silicon, respectively (here, POy is compound
C'5); Px,Nx, Si* (mgP, N, Si/m*)- half-saturation coeflicient for the salts of phosphor,
nitrogen and silicon, respectively; S, S2 (mg) - optimal interval of food concentration of
zooplankton; Mp, Mz - the mean size of phytoplankton cell and zooplankton individual,
respectively; Py, Qi Uk (k = 0...7) - experimental coefficients

FEeo-hydrodynamic model

By adding the functions R, of system (2) into the equations of diffusion model, the
general model to simulate for time and space variation of compounds under the influence
of thermo-hydrodynamic processes can be obtained, as follows:

; . aC,
skl P e BN 7 oo R0 )"
: ; Ay

i act ¢ aC ) Al
— T ."1 I'“:‘"—I‘ T A i"'“_'_‘ '''' A 4 ‘ti‘
c")r(!‘ Hr)Jféiy(L E?y)ldz(d*f:))

where U, V|, W are the components of velocity of current in the x,y, z directions, respec-
th

(3)

compound (W; = 0 for dlb‘\'ﬂ!\ ed compounds);
th

tively; W, - the sedimentation velocity of
Ay, Az, - the horizontal and vertical turbulent diffusion coefficients of i"" compound. The
boundary and initial conditions are chosen suitable with the normal diffusion model.
The input values are velocity and direction of current, diffusion coeflicients, water
temperature, intensity of photosynthetically active radiation at the water surface, con-
centration of POy, N Hy, NOy, NO3, Si03... depending on the objective of study and the

source data, the model can be simplified for some certain cases of study.

3. Some study results

Dynamic model for material transformation in the phosphorus cycle

The model (2) with initial conditions C; = C? at t = tg is solved by Runge-Kutta
method. The solutions are the time variations of biomass (or concentration) of the com-
pounds in the phosphorus cyele. The biological productivity of plankton community and
the ecological effects of autotrophic and first heterotrophic hierarchy are also calenlated
from the model.

The mentioned model is named PMOD and has been applied to the sea area of
Binh Thuan-Ninh Thuan province in order to study the annual variations of compounds
of phosphorus cycle [1]. The results are depicted in figure 2.
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—a— Inorganic Phosphorus (mgP/m3)

30 4

1 2 3 4 5 6 7 B 9 10 11 Month

Fig. 2: The annual variation of compounds of phosphorus cycle
at the sea area of Binh Thuan-Ninh Thuan province (results estimated by PMOD)

The Model of competition in marine plankton communities Separating first two
equations of the system (2), we have model of competition in marine plankion communi-
ties (the model is called PLAMOD). The model is the same as the model of " prey-predator”
relationship of Voltera, Where, zooplankton is considered as "predator” and phytoplank-
ton as "prey”. In the model, the concentration of detritus (C's) is determined through the
value of BOD or COD. The PLAMOD has been applied to Tam Giang-Cau Hai lagoon,
Thua Thien-Hue province in order to study the daily variations of biomass and biologi-
cal productivity of plankton community [3]. The input values of the PLAMOD are the
environmental data at 24-hours continuous stations. The results are depicted in figure 3.
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Fig. 3: Daily variation of biomass and primary productivity
of phytoplankton at Thuan An Stations (Tam Giang-Can Hai lagoon)
in October 1995 (results estimated by PLAMOD)
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Two-dimensions model for distribution of the compounds i phosphorus
cycle

Integrate equation (3) in the vertical direction from free surface to depth D and
consider the steady state, diffusion coeflicient is constant, to have the two-dimension steady
model, This model is named P2DMOD, as follows:

ac; oC; BRC;, 50
S ALI ~ ¥ + ¥ ¥ +

e WY sl
or dy Oa? Ay?

(W + W,)C;
D

—I" }f] (4)

The boundary conditions used in this model are: aC; + b(OC,/dL) = aC'?, with
- 0 if at the solid boundary, a = 0 and b
is the unit vector normal to the open boundary, C7

a=1andb 1 if at the open boundary, L
is the given value of C; at the solid
boundary. In the case of having no values C7 we can use the condition aC,/dn = 0 (n is
the unit vector normal to the solid boundary).

The P2DMOD can be reduced to solve the competition problem in the plankton
community. In this case, system (4) includes 2 equations, one for phytoplankton, another
for zooplankton, R; and H; are first two equation from system (2). The model has also
been applied for Binh Thuan-Ninh Thuan sea area in order to estimate ecological role of
upwelling in the primary production process [2|. The input data got from investigation in

upwelling sea area in 8/1992. Figure 4 shows the results.
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F1g. 4: Distribution of biomass of phytoplankton (A), of zooplankton (B) in the surface layer
and total of primary productivity (C), of secondary productivity of zooplankton (D) in 1m?
water column of the photosynthetically layer in Binh Thuan-Ninh Thuan sea area
in Aug. 1992 (results estimated by P2DMOD)
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One-dimension model for vertical distribution of the compounds in cycle

The governing equations:

2, 87 3, 0C; _ 2
(Wi H;)r"} oL (A/'( ) b Ry (5)
]z

EJ‘?: Az

Boundary condition:

- At the free surface (z = 0),C;, = Cy (C,y is the given values). If there are no
given values (', the balance condition is applied: A. (9, /0z) - W,C; = 0.

- At the level z = D (D) is under boundary ol photosynthesis layver): if there are
the given values C,p, the equation will be taken as (', - (', p; if there are not, we assume
that the vertical gradients of compounds are zero (JC, /82 = 0). If D) is bottom in the
deep-water area, where the light can not reach, the biomass can be taken to be zero
() = Cy = Q).

This model is called PIDMOD. The results of application of this model for Binh

Thuan-Ninh Thuan sea are shown in figure 5.
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Fig. 5: Vertical profile of primary productivity of phytoplankton at Binh Thuan-
Ninh Thuan sea area in Aug. 1992 results estimated by P1DMOD)

4. Conclusion

The Eco-hyvdrodynamic model has been established on the basis of turbulent dif-
fusion model in combination with the phosphorus transformation model. Four simplified
forms of the model were also given, as follows: the model for material transformation in
the phosphorus cycle (PMOD), the model of competition in marine plankton communities
(PLAMOD), the two-dimensions model (P2DMOD) and one-dimension model (P1DMOD)
for distribution of the compounds in phosphorus cycle.

The models were applied to the sea area of Binh Thuan-Ninh Thuan province and
Tam Giang-Cau Hai lagoon of Thua Thien-Hue province. The received results are very
important for studying the biological and ecological characteristics of marine plankton
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communities and also for simulating and predicting the variation of living and non-living
compounds, especially, for monitoring the marine environment and ecosystem.
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TAP CHi KHOA HOC DHQGHN, KHTN, t XVI1, n”2 - 2001

SU DUNG MO HINH TOAN TRONG NGHIEN CUU HE SINH THAI
VUNG BIEN BINH THUAN-NINH THUAN VA DAM PHA TAM GIANG-CAU HAI

Doan Bo
Khoa Khi tugng Thuy van & Hai duong hoc
Dai hoc Khoa hoc Tu nhién - Dai hoc Quéc gia Ha Noi

Mo hinh sinh thdi bien duge xay dung trén co s& mo phéng todan hoc qua trinh
chuyén hod vat chat qua cac hgp phan cia heé. O day, chu trinh chuyén hoa phosphor
da duoc xay dimng lam thi nghiém cho viéc trién khai bai todn sinh thdi-thuy dong lue.
Trong chu trinh, nguyén té phosphor dugc chuyén hoa qua 5 hop phan (thire vat noi,
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dong vat noi, chat van, phosphor hima cor v vo co hoa tan) nhér cac qua trinh sinh hoa
khac nhau. Mo hinh sinh thai thuy dong hre durge xay dirng trén co sér két hop moé hinh
chu trinh chuyén hoa vat chat (& day la chu trinh phosphor) vai mo hinh klméch tan roi,
no cho phép danh gia anh hrdng cua cace dieu kien vat 1y, moi truomg téi chien hirdng
phit trién cia hé sinh thai vimg bien nghien e,

Mo hinh chung dwrgre phan tich thanh cde mo hinh gian don va cde mo hinh gian
dom nay da duge trien khai tai viimg bien Binh Thuan-Ninh Thuan vi viing dam pha
Tam Giang-Cau Hai (mé hinh dong lue sir chuyén hod vat chat trong chu trinh phosphor,
mo hinh canh tranh trong quan xé plankton bién, mé hinh 2 chieu ngang, 1 chien thang
dirng phan ba cide hgp phan eda chu trinh phosphor vi nang suat sinh hoe plankton). Céc
két qud nhan dwuge rat co y nghia trong viec nghien ciru dinh legng cac dac trung sinh
hoc. sinh thai hoc quan xa plankton bién, tinh toan va dir bao bién dong cac hop phan
vo sinh, hitu sinh, dac biét trong viéc kiém sodt moi trirgng va hé sinh thai bién. Nhimng
két qua nay cing md ra trien vong sir dung cdc mé hinh todn va cic phirong phap sé
trong nghién ciru hé sinh thadi ving bién nhiét ddi Viét Nam.



