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Abstract

The ecosystem of the Egyptian Mediterranean coastal area between longitudes 29°45' E and 33°45' E was sea­
sonally investigated. The obtained data sets for a variety of environmental variables were previously interpolated 
over the studied area, and used in the coupled physical-biological model Fin-Est. Here, the model has been 
implemented to solve the central problems in case of modeling local areas and the handling of open boundaries 
and initial conditions, which almost have significant influence on the results, of both the hydrodynamic and the 
ecosystem models calculation. In the present study, a multi-step calculations procedure was used in applying the 
3 D coupled model at first for the entire Egyptian Mediterranean coastal area. Then, it runs for local areas ob­
taining the initial conditions and the open boundary ones from larger area calculations. In particular, the zoom-in 
approach was used for the detailed study of the Eastern Harbour of Alexandria city-Egypt (model grid step = 50 
m.) selected from the larger Alexandria Sea (model grid step = 1.25 Km), which in turn was chosen from the 
Egyptian Mediterranean coastal area (model grid step = 12.5 km). The sensitivity of the model simulations to 
both physical and biological main factors of the studied areas is tested. Both climatic conditions and land sources 
effects are considered among the model forcing factors. The resultant simulations are compared with the actual 
measured values of the parameters. The model sensitivity test results are discussed in the context of the model’s 
capabilities and limitations, and with reference to the available knowledge of the ecosystems of the study areas.

Introduction

Management of coastal areas represents the key issue 
in the natural marine resources conservation policies. 
(Roberts and Polunin 1993; Dayton et al. 1995; 
Salomon et al. 2002). Indeed, sustainable manage­
ment of coastal resources is found to be in urgent 
need of concrete information concerning the response 
of nature to both natural and man-made changes in 
the environmental forcing factors and loading 
(Pitcher and Pauly 1998; Tamsalu 1998). During the 
last few decades, numerical models have demon­
strated their high capabilities in simulating and pre­
dicting such changes, especially due to the fast and

accelerating progress in computer technology (Laev- 
astu and Larkins 1981).

The necessity of coastal resources conservation 
polices or management polices or both is quite pro­
nounced especially in developing countries, where, 
extensive urbanisation and industrial activities have 
caused increase in the coastal nutrient supply and 
consequently the development of eutrophication phe­
nomena in specific areas. So, it becomes necessary to 
have a better understanding of the hydrodynamic and 
the ecosystem features of such areas. Indispensable 
for this are not only field surveys, but also the use of 
numerical models as a powerful tool in evaluating 
measures to be taken for anticipating any impact on
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the studied ecosystem (Taguchi et al. 2002). Follow­
ing the comprehensive review of coastal marine eco­
system modelling published by Fransz et al. (1991) 
different efforts have been paid to improve the sensi­
tivity and the complexity of aquatic ecosystem mod­
els based on certain concepts regarding the linkage 
between the hydrodynamic and biological sub-mod­
els. On the European level, the ERSEM (European 
Regional Seas Ecosystem Model) was developed by 
Baretta et al. (1995), which is similar to the first ver­
sion of the FinEst (Finnish-Estonian) model applied 
in the Baltic sea (Ennet et al. 1989). The FinEst model 
has been also applied in the Mediterranean coastal 
water with a special attention to the Egyptian coastal 
area by Elamza et al. (1998).

In the present study, the area of the Egyptian coast 
selected for ecosystem modelling extends between 
longitudes 29°45' N and 33°45' E and comprises 
about 75% of the entire continental shelf of the Egyp­
tian coast, to a water depth of about 35(M 00 m. The 
ecosystem parameters of the chosen area were mea­
sured during 1982-1986 by the Oceanography De­
partment, Faculty of Science, Alexandria University, 
Egypt, financed by a US Aid Project. Diverse envi­
ronmental parameters covering physical, chemical, 
biological and geochemical aspects were seasonally 
measured along 10-12 transects, each with 25-30 
sampling stations (Elamza 1995). The parametric data 
were earlier utilised in an ecosystem Fin-Est model. 
Elowever, the application of the data was limited to 
the correlation of the various parameters over the 
study area. In addition, preliminary modelling for 
winter conditions provided concordant simulated re­
sults for the algae bloom around a discharging estu­
ary of the Rosetta branch of the River Nile. High 
nutrient concentrations were also predicted and an 
explanation for the winter bloom on the Egyptian 
Mediterranean coastal area was developed (Elamza et 
al. 1998).

The aim of the present contribution is to imple­
ment the 3D-coupled physical-biological model and 
its application on the Egyptian Mediterranean coastal 
area as a simulating and predictive operating tool. 
Specifically, the model is focussed on a small selected 
target area, and the resulting features of this area are 
compared with those of the surrounding region. For 
this purpose, a software program was developed al­
lowing any target area to be interactively chosen from 
the computer monitor. After setting the grid step re­
ducing factor the program automatically creates 
model input files for the target area. The target area

chosen is the Eastern Elarbour of Alexandria, Egypt, 
with grid step = 50 m. This harbour forms part of the 
larger Alexandria Sea (model grid step = 1.25 Km), 
which is itself a component of the Egyptian Mediter­
ranean coast (model grid step = 12.5 km). A test was 
designed to explore the sensitivity of the model for 
certain physical and biological main parameters for 
the study areas.

Features of the study area

The Egyptian coastal area forms a distinct segment of 
the North African coast, as it incorporates the Nile 
Delta Region (NDR). The delta has formed from sed­
iments transported during flooding of the Nile, which 
occurred annually until 1960’s when the floodwaters 
were regulated by the construction of the Aswan High 
Dam. The appearance of winter algae blooms, in the 
years following freshwater flood regulation reinforces 
the unique character of this part of the coastline, in 
terms of its ecosystem behaviour (Dowidar, 1984, 
1988). The winter algae bloom development along the 
Egyptian Mediterranean coast was attributed mainly 
to the high discharge of nutrient rich freshwater from 
land run-offs (Nile river included) during winter sea­
son (> 40% of annual total flow). That flow is con­
tributes to both dilution of water salinity and increase 
of nutrients concentrations, consequently stimulating 
algae bloom development (Elamza et al. 1998). Such 
factors made the ecosystem features along the Egyp­
tian coast unique among the other Mediterranean 
coastal areas since the Aswan High Dam construction 
until now.

The city of Alexandria extends along the Mediter­
ranean coast, and supports a large population (about 
4.5 million inhabitants), which doubles during sum­
mer vacation time. The city has the largest commer­
cial harbour in Egypt, as well as several fishery har­
bours, among which the eastern harbour was also 
exploited as a site for the discharge of untreated sew­
age from the city until 1973. Thereafter, primary 
treated sewage was discharged in large volumes, due 
to the increase in the urban population.

The main hydrographic and ecosystem features of 
the different study areas used in the Fin-Est model 
implementation may be summarised as follows:
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Table 1. Location and discharge water characteristics of the main land-runoffs and the winter season discharge percentages.

Sources Location Discharge 

km3/y 1

Winter

%

Salinity

ppt

Nutrient loads

Lon.
deg.

Lat.
deg.

N
e /y 1

P
P /y 1

Lake. Mariut 29.82 31.20 2.3 40 6 90.85 11.41
Lake Idku 30.20 31.33 0.4 40 4 16.16 2.03
River Nile 30.37 31.50 3.5 90 2 138.17 17.35
Lake Burullus 31.00 31.62 2.2 40 5 87.14 10.94
N.Delta drains 31.28 31.55 3.5 40 4 138.17 17.35
Lake Manzalah 31.48 31.46 5.2 40 5 205.44 25.80
TOTAL - - - - 676.37 84.88

Hydrographic features

The main topographic and hydrologie features char­
acterising the Egyptian Mediterranean coastal area 
are:

1. a wide shelf area with shallow coastal depth. This 
is mainly a result of the deltaic sediment build-up 
since ancient times; and

2. a huge volume of freshwater is discharged along 
the studied coastal area, mainly from land-runoff. 
The freshwater is derived not only from the River 
Nile water, but also from agriculture and sewage 
water reaching those coastal lakes that are con­
nected directly or indirectly to the Mediterranean 
coastal area.

A list of the land-runoff water sources and their 
locations is presented in Table 1. Discharge rates for 
each source show higher values during the winter sea­
son compared with other seasons. The main contribu­
tor to the winter disharge is the Nile flood (through 
the Rosetta branch), which represents up to 90% of 
its annual discharge.

The annual total load of nutrient salts from land 
sources, is estimated to be 676.4 tons year-1 dissolved 
nitrogen and 84.9 tons year-1 dissolved phosphorus. 
These loads are carried by 17.1 km 3 year-1 of dis­
charge water from various land-runoffs, giving an 
overall flow rate of 453 m 3 sec-1 (Table 1).

The measured physical, chemical, and biological 
parameters were plotted against sample geographical 
position for each station: water temperature, water- 
salinity, macronutrient (N 0 3-N, NH4-N, P 0 4-P, 
S i0 2-Si), chlorophyll-a, Secchi-disc readings, light 
attenution coefficient, primary productivity, and Zoo­
plankton standing crop. Correlations between these

parameters were investigated on seasonal basis, as 
mentioned above. The result is the outlining of ho­
mogenous fields showing the spatial seasonal distri­
bution of each parameter over the studied areas 
(Hamza 1995). Although a significant reduction in the 
volume of discharged freshwater has been achieved 
during the last 5 years, it is very important to run this 
model based on existing historical data, so as to sim­
ulate the actual change in the ecosystem due to the 
reduction in the nutrient load. However, it is recogn­
ised that the reduction in discharged water is unlikely 
to have an immediate effect on the living biota, be­
cause the bottom sediments are capable of storing 
nutrients from previous high discharges loaded with 
both organic and inorganic materials.

Ecosystem features

The main features that characterize the ecosystem of 
the Egyptian Mediterranean coastal areas are:

1. A- seasonal variations in water salinity ahead of 
NDR, during the autumn and winter seasons. The 
water-salinity values are mostly lower (average 
surface-water salinity = 3.84%) than for the sur­
rounding offshore area (average surface water sa­
linity = 3.91%).

2. B- estimated N:P ratios have higher values during 
winter (N:P range = 45-60) compared with other 
seasons (N:P range = 5-15), indicating phospho­
rus as a limiting factoring in winter. In contrast, 
the western side of the NDR is nitrogen limited 
during the other seasons (Dowidar 1984).

3. C- Both algae biomass (chlorophyll-a), and Zoo­
plankton standing crop values have higher concen­
trations (averages = 4.5 mg m -3, average = 3 x IO3 
Ind. m -3, respectively) during the winter season
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compared with the other seasons (range = 0.5-1.5 
mg m -3, range = 1-2 x IO3 Ind. m -3, respec­
tively).

4. D- A marked algae bloom in winter is mainly lo­
calized around the NDR and extends eastward. It 
is also important to mention that, seasonal primary 
productivity distribution in this area have high val­
ues during the autumn and winter seasons (aver­
age = 6.0 and 3.25 mg C m -3, respectively) com­
pared with the other two seasons (range = 0.5-1.5 
mg C m -3).

The above features have been presented as evi­
dence (Dowidar 1988), confirming the effects of the 
regulation of the Nile floodwaters by the High Aswan 
Dam. The effect of the nutrient-rich Nile water dis­
charge is discernible until almost the end of winter, at 
which time a high algae biomass has developed, as­
sisted by climatic conditions.

Eastern harbour

The Eastern Harbour is a shallow (average depth of 6 
m), semi-closed basin, which is sheltered from the sea 
by an artificial water-break interrupted by two open­
ings, El-Boughaz and El-Silsila, that provide commu­
nication between the harbour water and the waters of 
the Egyptian Mediterranean coast. The surface area of 
the harbour is estimated to be 2.53 x 10s m 2. The 
harbour has limited variation in its surface water sa­
linity maintained by a daily discharge of about 0.25 x 
10s m 3 of urban sewage through a single pipe close 
to the surface water level. This voluminous discharge 
has resulted in a high nutrient load, not only as a dis­
solved component, but also within the sediments, 
which may be considered as the renewable nutrient 
source for the harbour ecosystem, especially if the 
sewage discharge flow is cut. The existing high nu­
trients concentration in the water has led to an in­
crease in eutrophication of the harbour ecosystem. 
Since, the eastern harbour is used as a fishery port, a 
considerable amount of oil and grease also find their 
way into the sediments. To remedy these problems 
restoration programmes have been designed for the 
harbour environment before attempting recovery of 
the archaeological monuments found in its basin and 
imbedded in its polluted sediments.

Model description

Basic equations

The hydrodynamic-ecological model used is based on 
the 3-D free-surface primitive equation system which 
is written in reference surface following a  (sigma) 
coordinates. The governing equations of the model 
are the horizontal momentum equations for velocity 
components u, v under Boussinesq approximation; the 
hydrostatic approximation of the equation for the ver­
tical velocity w; the continuity equation for incom­
pressible fluid; state equation; transport-diffusion 
equation for temperature T, salinity S  and biochemi­
cal tracer C. In Cartesian a  coordinate system they 
have the following symmetrized form (Zalesny 1996; 
Zalesny and Tamsalu 2000).

(1)
r  d  i

N,ƒ)
CD

D----- A u — D p  = —D 8 ~  +  F u
d t dx

r  d  i

N,ƒ)
CD

D----- A v + Dfu = — D 8z~  +  F v
d t dy

1 dp 3 D  3 Du 3 Dv deo
 =  D t ,—  + ----- + ------- +  —  =  Q;b = f(T ,S );
p 03<r 31 dx dy 3<r

' d
D  A

d t
T =  0;

' d
D  A

d t

=  0 ;

  j jE c o

d
D  A

d t
C

Here /)  
1 dp

dcf> 1 
D—  =  -

d t  2

dD(f)

dt

dDv(f) 
 -I

3y

Po dx 

1 dp

Poty

dep 
D—

dt

1 /  db dZ
-  Z  b —
2 \  dx dx

1 /  db d Z
-  Z b—
2 \  3y 3y

\FV

dDuef)

dx 

3cy

deP 
Du—

dx

3cj) dwef)
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Ae#» = -----—  + - p j d —  + — p j d —

der D der dx * dx dy * dy
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_ Z + Ç(x,y,t)

D (x,y,t)
Z  is the original downward vertical coordinate;
Z = Der -  £; ’Ç(x,y,t) and D(x,y,t) are reference func­
tions, for example 'Ç(x,y,t) may be a surface elevation 
and D{x,y,t) a total thickness of fluid: D = H  + £, 
H(x,y) is the bottom relief; ƒ  is the Coriolis param­
eter; vv and are vertical and horizontal turbulent 
diffusion coefficients respectively, F eco describe bio­
chemical processes.

For better description of the biological processes 
in the upper euphotic layer we use a double <j  coor­
dinate system dividing the marine basin into two parts 
with respect to the vertical, D¡ and D 2, and introduc­
ing two corresponding a

Zj + £ z2 + I  
<t, =  — — ;<t2 = ------- ;D1 = h +  £;Z)2 =  H  — h.

D 1
(2 )

Where h is the undisturbed thickness of the upper 
layer. For calculation of vertical turbulent mixing the 
Reynolds-averaged turbulent energy density equation 
is used (see Tamsalu, 1998; Ennet, Kuosa and Tam­
salu, 2000) The corresponding boundary and initial 
conditions are added to the system (1). To solve Equa­
tions (1) with respect to time we use a splitting-up 
method with respect to physical processes (macro­
level of splitting) and spatial coordinates (micro­
level). We represent the operator of the system (1) as 
a sum of sub-operators and reduce the solution of the 
original problem with complicated operator A  to that 
of number of problems with simpler operators A ÿ:

The ecosystem model consists of the plankton 
community, inorganic nutrients, organic nutrients and 
detritus sub-models. Our planktonic community 
model is formed by four size classes of autotrophs 
(An) and heterotrophs (Hn) plus bacterioplankton (B). 
Size-dependent planktonic food-web structure allows 
to reduce the number of model coefficients because 
many of the reaction rates are expressed as functions 
of plankton mass. The number of chosen size-classes 
in the model (4 size classes for autotrophs and 5 size- 
classes of heterotrophs) enables to cover the entire 
spectrum of planktonic organisms in the aquatic eco­
system. This plankton community food web is ex­
pressed here by four triplets, each one formed by one 
heterotrophic predator-grazer, one phytoplankton and 
one Zooplankton prey. In the last (fourth) triplet the 
Zooplankton prey is to be replaced by bacterioplank­
ton. While, in the first triplet predation by fish is sig­
nificant as a controlling factor for mesozooplankton 
and is therefore excluded from the model (see Fig­
ure 1).

Following the general idea of Volterra (1932) we 
wrote the prey and predator plankton community 
equations in the following form (Tamsalu and Ennet 
1995; Tamsalu 1998; Ennet et al. 2000).

' d
D  A

dt

'  d :
D  A

dt

a  = 2 ( 2 > ÿ)i = i j= i (3)

A n = D[(Cangan -  Dam„ -  D arn

-  D aen)An -  Chnx g h nx H nx A l]  

3A"
0 ) n ~ ( 4 )OCT

H n = D[(Chnß x g h n(A l + H :X l)

-  D hm n -  D hrn -  Dhen)Hn

— Chn _ 1x g h n _ 1x H n_ 1xHXX\

To do that we extract two macro-splitting steps which 
describe basic physical processes (1) transport-diffu­
sion of momentum, temperature, salinity and bio­
chemical tracers; adaption of velocity and density 
fields. To resolve 3D transport-diffusion equations ef­
fectively we use splitting with respect to separate co­
ordinates x, y, a. For spatial approximation of the 
Equations (1) we use the combination of A and C 
grids. For transport-diffusion equations, A grid is 
used, and for adaption of velocity and density fields, 
C grid is used.

' d
D  A

dt
B = D[(Cbgb — Dbr — Dbe)B 

-  ChNx g h Nx H Nx B 2\

Flere n = 1,.. ,,N  If n = 1 then H n_} = 0 and if n = N  
then H n+1 = B Can, Chn, Cb are maximum growth 
rate for autotrophs, heterotrophs and bacterioplankton 
respectively; gan, ghn, gb are Michaelis-Menton ki­
netics functions for autotrophs, heterotrophs and bac­
terioplankton respectively; D am n, D arn, D aen are 
mortality, respiration and excretion rates for autotro-
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Four triplet plankton community model
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Figure 1. Four triplet plankton community food web.
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phs, respectively; Dhm„, Dhrn, Dlie„ are mortality, 
respiration and excretion rates for heterotrophs, re­
spectively; Dbr, Dbe are respiration and excretion 
rates for bacterioplankton, respectively; wn is the set­
tling velocity, ß  is the efficiency coefficient. N  is the 
numbers of autotrophs and heterotrophs in the plank­
ton community system (N = 4). The energy flows to 
the plankton community comprises the uptake of dis­
solved inorganic nutrients by phytoplankton and is 
directed from the autotrophs toward heterotrophs 
through grazing; and dissolved organic and inorganic 
nutrients by bacterioplankton and is directed towards 
the larger size-groups of heterotrophs through preda­
tion. Energy is lost through mortality, respiration, ex­
udation, excretion and sedimentation. For parameter- 
isation of the biochemical reactions we use first-order 
(linear) kinetics relationships for mortality, respira­
tion, exudation and excretion; the quasi-linear 
Michaeles-Menten growth kinetics for autotrophic 
and bacterioplankton uptake; and second-order (non­
linear) kinetics for grazing and predation. Here the 
food consumption (uptake) functions are presented by 
a Michaelis-Menten expression for autotrophs (ga„), 
bacterioplankton (gb) and heterotrophs (gh„).

S h „  f T H n '

1
’caz„(A „  +  H n + j) +  A" H"

=fm- W ): m™
DIP D IN D IC

\ca p i +  DIP cani +  DIN caci +  DIC

gb = f n Í -
DIP + DOP

\ CaP: - DIP + DOP can ( 

I

DIN + DON DOC \  

- DIN + DON’cac, + DOC I

M  =  -

Here I  = PAR*I0exp(-az) is the diffuse light, PAR is 
the photosynthetic available radiance (400-700 nm), 
I0 is the global radiation on the water surface, a is the 
extinction coefficient, which is kept as a function of 
the plankton biomass and detritus. DIP = P 0 4 is the 
inorganic phosphorus, D IN = NH4 + N 0 3 is the avail­
able inorganic nitrogen for algae uptake, DIC = CO 2 
is the inorganic carbon. DOP.; DON  and DOC  are dis­
solved organic phosphorus, nitrogen and carbon re­
spectively. The influence of temperature is taken into 
account through a temperature limitation factor (fTA, 
f tb' Í th); caP„. can„, cacn, cai, are the half-saturation 
coefficients for autotrophic uptake and cazn is the 
half-saturation coefficient for heterotroph growth.

The main problem in solving of the plankton com­
munity Equations (4) is the great number of the em­
pirical coefficients, especially coefficients for maxi­
mum growth rate. Using the investigations published 
by Moloney and Field (1991) and Barenblatt (1996), 
Tamsalu (1998) the maximum growth rate, as with all 
other biochemical reactions needed in describing the 
plankton community, is dependent on plankton bio­
mass:
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Table 2. Model parameters.

Parameter Value Unit Description

ca 6.0 g ^ d - 1 Coefficient for autotrophs uptake
ch 6.0*ca g 1/4d -‘ Coefficient for heterotrophs ingestion
dm 0.05 - Proportionality coefficient for mortality
de 0.05 - Proportionality coefficient for execudation or excretion
dr 0.025 - Proportionality coefficient for respiration
cc 0.11 G/g Carbon fraction in biota

cp = cc/42 G/g Phosphorus fraction in biota (calculated by using P:C ratio)
cn = cp*7.2 G/g Nitrogen fraction in biota (calculated by using N:P ratio)

cza 0.49 g23/23m -3 Half-saturation coefficient for ingestion
cea 0.0018 g3/3m -3 Half-saturation coefficient for carbon uptake

epa = cca/42 g3/3m -3 Half-saturation coefficient for nitrogen uptake (calculated by using P:C ratio)
can = cpa*7.2 g3/3m -3 Half-saturation coefficient for nitrogen uptake (calculated by using P:N ratio)

Dd 0.05 d -1 Maximum decay rate of particulate substance
dn j 5.0 d -1 Maximum nitrate nitrogen denitrification rate
dn2 10.0 d -1 Maximum nitrite nitrogen nitrification rate
dn3 0.1 - Maximum ammonium nitrogen nitrification rate

ß 0.75 - Efficiency coefficient
co1 4.47 - Oxygen consumption of nitrification
CO  2 1.14 - Oxygen consumption of denitrification
CO  3 1.45 - Oxygen consumption of detritus decay
co4 1.80 - Oxygen production of plankton growth and oxygen consumption of plankton respiration

Can

C K ■ = ■

Cb

ca xM a n 1/4 

c h x M h ~ 1/4 

caxM b ~ 1/4
r  a

dm

= ca\ dr }Ma„ 

de

dm

= ch{ dr }Mh„ 

de

= ca \ I Mb ~ 1/4 
de

Damn

Dcirn

Daen _

Dhm„

D hrn

Dhe„

(5)

Following Moloney and Field (1991) the half-satura- 
tion coefficients are also mass-dependent functions

capn epa

cann ■ =  ■ cna ■Ma2/S

_cacn _ cea

(6)

caz„ = c z a x M a f25

Fiere ca,ch,dm,dr,de,cpa,cna,cca,cza are universal co­
efficients; Ma, Mb and Mb are body mass of the au­
totrophs, heterotrophs and bacterioplankton respec­
tively (see Table 2). By this parameterisation the 
number of fitting coefficients was decreased 5 times. 
The dead autotrophs and heterotrophs become dead 
organic matter-detritus {Det), which is sinking to the 
bottom and decomposed the inorganic nutrients 
( D d e t ) .

' d
D  A

dt
Det = D[dm E  (Canx A n + Chnx H n)

dDet
- D detx D e t \ - w det——  (7)

der

D det = dd*cgtd*( 1 -  exp(-0.75*O 2 + 0.14)), (see 
Kinnunen and Nyholm (1982)) Where dd is the max-
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imum detritus decay, cgtd is the temperature factor 
and w det is the detritus sinking velocity.

The model contains two compounds of phospho­
rus: i.e., phosphate phosphorus (PO 4) and dissolved 
organic phosphorus (DOP). The nitrogen block con­
sists of nitrate nitrogen (N 0 3), nitrite nitrogen (N 0 2), 
ammonium nitrogen (NH4) and dissolved organic

nitrogen (DON). Besides the phosphorus and nitrogen 
the model contains two compounds of carbon, i.e., 
carbon dioxide (C 0 2) and dissolved organic carbon 
(DOC). The available for autotrophs growth dissolved 
inorganic phosphorus (DIP = P 0 4), nitrogen (DIN = 
N 0 3 + NH4) and dissolved inorganic carbon (DIC = 
C 0 2) will be calculated as follows:

dD --A  dt

P04 \ °p \
no3 cn
no2 = D cn
nh4 cn
C02 / \ cc

yn1
0
1 -ynl

V / 
/ e‘ \

yn2
0
yn3

1\ /

\° /  
/°\

Gb

D ^ ,x D e t  +

w
(lDr„ + Drb)

+ D

/» \Dn2 — Dn1
Dn3 — Dn2 
Dn,

\» /
(8)

Gan = Canx g a nx A n;Gb = C b xg b xB ;D rn = D arnx A n +  D hrnx H n;Drb = D b rxB

cp, cn and cc are phosphorus, nitrogen and carbon 
fraction in biota respectively, ex is the proportionality 
coefficient. D nI is the nitrate nitrogen denitrification, 
Dn2 and Dn3 are nitrite nitrogen and ammonium ni­
trogen nitrification, respectively.

D n 1 = dn1*cgtn*exp(-1.2*02); * N 0 3; (see Kin- 
nunen and Nyholm 1982)

D n2 = dn2* cg tn * (l-exp (-l.5 * 0  2))*1V02; (see 
Kinnunen and Nyholm 1982)

d
D  Adt

/  DOP \  

DON 
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D n3 = dn3*cgtn*(l- e x p ( - \5 * 0 2))*NH  4. (see 
Kinnunen and Nyholm 1982). dnv  dn2, dn3 are em­
pirical coefficients and cgtn is the temperature factor. 
The DOP, DON  and DOC, which are used by bacte­
rioplankton will be calculated by the following equa­
tions:

Gb + (1 -  ß) 2  Ghn + Y¿D en + D eb

^ 1  — ^1 \

i -  ei D ^ x D e t

\ 1 -  e i /

(9)

Ghn = Chnx g h nx ( A l  +  Hl);D en = Daenx A n + Dhenx H n;Deb = D b exB  

yp = DOP! (DOP + P 0 4);yn1 = N 0 3/(N 0 3 +  NH4);

yn 2 = N 0 3/(N 0 3 + NH4 + DON);yn3 = N H J (N 0 3 + NH4 + DON);

yn4 =  1 — yn 2 -  yn 3
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The dissolved oxygen will be calculated as follows

N +  1

co4 2  (ß an ~  t)ar tl ~  Dhr — Gb) —
n= 1

— co3x.Ddet — co2xD n2 — c o \x D n 3

(10)

d
D-----A O II b

dt

Here co1, co2, co3, co4 are empirical coefficients. The 
bottom sediments components are organic matter 
(Detf), phosphorus (P 0 4s) and nitrogen (N 0 3s, N 0 2s, 
NH4s) compounds and oxygen ( 0 2s). They are de­
scribed as follows:

°\° /

! V° \

vm

V .  / /

Dets

p o 4S cpy D ^
n o 3S

> = <
Dn2s — D nls

n o 2S l)n >,s ~  D n2s

n h 4S c n /D i e i s - Dn4s

°2S — co3XDdetS — co2XDn2S — coi XDn3S

a t)

D dets = dd*cgtd*(l -  exp(-0.75*O 2S + 0.14))*Dets 
D nls = dn3*cgtn* exp (- 1 .2*02S); *N 03S; D n2S = 
dn2*cgtn*(l -  exp(- 1 .5*02S))*N 02S; D n3S = 
dn3*cgtn*(l -  exp (- 1 .5*02S))*NH4S. Where w d is 
the sediment accumulation velocity, vv are the diffu­
sion coefficients, p ^  are the dimensionless distribu­
tion coefficients defined as the proportion between the 
concentration of the adsorbed and dissolved constitu­
ent, respectively (Ruardij and Van Raaphorst 1995). 
On the surface of the bottom sediments 0 2S = 0 and 
for other components 3<p/3z = 0

Linking o f models with different grid resolutions

Continental shelf areas are well known for their eco­
logical, economical and scenic values. Wise use of the 
marine coastal zones must particularly take account 
of the ecological aspects. For effective management 
of coastal zones, characterisation of trends taking 
place in the aquatic environment is necessary. The 
only way to simultaneously analyse the physical, 
chemical and biological processes, for predicting the 
outcomes of different scenarios, is to use mathemati­
cal modelling. To apply the model to local marine 
coastal zones, it is necessary to use small grid steps, 
perhaps less than 100 m. However, with such small 
grid steps, it is technically impossible to include the 
effects of the surrounding marine areas that will have 
significant impact on the local processes in the study 
area.

Thus one of the more complicated problems in 
coastal area modelling is the handling of open bound­
aries and initial conditions (Aksnes and Lie 1990). 
Setting of open boundary conditions and initial con­
ditions has significant influence on the results of both 
the hydrodynamic and ecosystem model calculations. 
One solution might be the coupling of the models. In 
this case we first calculate results for a larger area 
where the open boundaries are shifted relatively far 
out to sea. Then we run the model for some smaller 
area (zoom area) within the latter larger area and ob­
tain the open boundary from previous results.

Much model input data is needed in applying the 
program to specific zoom areas. For this purpose we 
have adapted software to allow the operator to choose 
the zoom area interactively from the screen, set the 
grid step reducing factor, then run the program to 
create the following input files:

• Bottom relief data. Due to grid step reducing, 
the zoom version has new grid points, different 
to those of the main version, for which depths 
will be interpolated from the main version data.

• Meteorological data. On the basis of longitude/ 
latitude coordinates the new meteorological in­
put data files will be created.

• Rivers and pollution load data. River and pollu­
tion data relevant to the zoom area will be se­
lected from the main version. The river and load 
zoom grid points will also be calculated.
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Figure 2. The model calculation areas in the Egyptian Coast (I- Egyptian Mediterranean Sea, II- Alexandria Sea, III- Eastern harbour-Al- 
exandria).

• Open boundary data. The zoom version open 
boundary points will be connected to main ver­
sion calculation points by comparing the main 
version grid sea/land points and zoom version 
grid sea/land points.

• Initial data. If the zoom version calculations 
start later than main version, then zoom version 
initial data will be read and interpolated from 
main version results.

The program was assigned to calculate results for 
small areas wherein the initial and open boundary 
conditions were derived from the analytical results for 
larger areas. The model simulations were performed 
on three scales for the following areas (Figure 2): I -  
the whole Egyptian Mediterranean Sea, II -  Alexan­
drian sea area and III -  Eastern Harbour area in A l­
exandria.

First the entire Egyptian Mediterranean Sea area 
was considered and these results were used to define 
open boundary conditions for the Alexandrian sea cal­
culations. Finally, a small area, Eastern Harbour of

Alexandria, was considered, with the open boundary 
conditions being obtained from the results of the Al­
exandrian sea calculations. All these calculations 
made use of year 1997 meteorological data from the 
NOAA CIRES Climate Diagnostics Center, Colorado.

A brief description of the method used to calculate 
the open boundary conditions for the small calcula­
tion area is presented below:

• The first step -  calculations fo r  the entire Egyp­
tian Mediterranean Sea. The calculations relate 
to an area bounded by longitudes 29.0° E to 
34.8° E and latitudes 30.7° N to 32.3° N. The 
model grid size was 52 x 16 in the East and 
North directions, respectively, with a grid step 
of 12.5 km. Twelve vertically stacked layers (6 
in the upper layer and 6 in the lower layer) were 
used in the calculations. The number of model 
calculation points in each horizontal layer was 
513. For the open boundaries (10 calculation 
points from East and 43 calculation points from 
North in one layer) the value constants for
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model variables were set. Calculations were run 
modelling one year with 10 minute time steps; 
the model variables were stored for each 6 
hours.

• The second step -  calculations o f the Alexan­
drian Sea area with open boundary conditions 
derived from the entire Egyptian Mediterranean 
Sea calculations. For the Alexandrian Sea the 
model area was selected from the first-step cal­
culations grid as shown in Figure 2. Grid size 
was 83 x 53 in the East and North directions, 
respectively. 12 vertically stacked layers were 
used. The number of model calculation points in 
each horizontal layer was 3194. The grid step, 
at 1.25 km, was chosen to be one tenth of the 
first-step grid. During calculations of the open 
boundaries (49 calculation points from the East, 
81 calculation points from the North and 9 cal­
culation points from the West in each layer) the 
model variable values were input for each layer, 
every 6 hours, from the previous entire Egyptian 
Mediterranean Sea calculations results. The 
model period was two months.

• The third step -  calculations fo r  the Eastern 
Elarbour in Alexandria with open boundary con­
ditions derived from the Alexandrian Sea calcu­
lations. The Eastern Elarbour of Alexandria was 
chosen as an example of a small study area. This 
time a 50-m horizontal grid step was used. The 
grid size was 40 x 28 in the East and North di­
rections, respectively. 12 vertically stacked lay­
ers were again used. The number of model cal­
culation points in each horizontal layer was 800.

The area considered was so small compared with 
the Alexandrian Sea calculation area that only one of 
the Alexandrian area calculation points was relevant 
to use for Eastern Elarbour open boundary (6 points 
from North). The simulation period was 25 days. Dur­
ing calculations these six open boundary points were 
linked to Alexandrian Sea calculation results. In the 
calculations of the Eastern Elarbour the baroclinie part 
of the circulations was not used (Fu = F v = 0 in 
Equation (1)), because the hydrostatic approximation 
does not work for this small grid.

Numerical results and discussion

Egyptian Mediterranean Sea

Initially the calculations were carried out for the en­
tire Egyptian Mediterranean Sea. To minimise the un­
duly large influence of open boundaries for the 
coastal zone, the open boundary from North was set 
more than 100 km from the coast. Comparing the 
calculated distribution of temperature, salinity, nutri­
ents and phytoflagellates for the middle of January the 
coastal zones with off shore zones the remarkable in­
fluence of the river Nile becomes quite evident (Fig­
ure 3), along with other point sources of salinity and 
nutrient concentrations. The three cross-sections of 
the salinity profiles (Figure 4), extend c. 30 km from 
the shore and to depths of 200 m. The calculated P 0 4, 
NH4, phytoplankton and Zooplankton concentrations 
during January-M arch (Figure 5) are compared with 
actual measured data (Hamza 1995). This period was 
chosen because the plankton growth actively during 
winter in Egyptian Mediterranean Sea. The measured 
data represent the monthly mean concentrations and 
they can be regarded as representative values. To 
avoid the overwhelming effects of nearby nutrient 
sources on concentrations, the comparison point was 
chosen far from shore. The calculated P 0 4 values are 
quite similar to the measured values, while calculated 
NH4 values are consistently lower than measured 
ones. The reason for the latter is that in this period 
the calculated phytoplankton concentration was 
somewhat higher than normal, leading to more inten­
sive use of NH4, because of the nitrogen limitation 
conditions (Morcos and El-Rayis 1973). Also the 
comparatively higher calculated Zooplankton concen­
tration is caused by higher phytoplankton growth. The 
phytoplankton calculation in Figure 5 represents the 
sum of net-phytoplankton, nanophytoplankton, 
phytoflagellates and picophytoplankton. The calcu­
lated Zooplankton is the sum of mesozooplankton, 
microzooplankton, nanozooplankton and zooflagel- 
lates. Nutrients uptake by bacterioplankton system is:
1. of dissolved inorganic nutrients and 2. of the dis­
solved organic nutrients uptake by bacterioplankton. 
The high Zooplankton concentration (Figure 5) could 
be explained by the energy flow from bacterioplank­
ton.
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Figure 3. Distribution of calculated ecosystem parameters along the Egyptian Mediterranean coastal area.
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Figure 4. Calculated vertical distribution of salinity in three selected cross-sections.

Mediterranean Sea surrounding Alexandria

In these calculations the open boundary values were 
adopted from the entire Egyptian Mediterranean Sea 
calculation results. Thus the open boundary point 
model variables were made to vary with time, in ac­

cordance with values for these points calculated for 
the entire Mediterranean Sea. The calculated phy­
toplankton and Zooplankton concentrations are pre­
sented in three near-shore points (Figure 6) which 
include: 1 -  close to Lake Mariut inflow, 2 -  close to 
Alexandria, 3 -  near the Nile inflow.
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Figure 5. Comparison between measured and calculated values of nutrients and plankton concentrations at a selected grid step.

The plankton growth at these inshore points is 
strongly influenced by nutrient sources. Compared 
with offshore areas (Figure 5) the growth rates in the 
inshore areas are significantly higher. The calculated 
concentrations for different plankton size classes in­
dicate that the phytoplankton dominated by the small 
size classes. The phytoplankton biomass is mainly 
comprised of phytoflagellates and picophytoplankton. 
The reason here is that their ability to utilizing avail­
able nutrients and to fit with existing environmental 
conditions are much higher compared with netphy- 
toplankton and nanophytoplankton, and so they can 
use the nutrients more efficiently.

Eastern harbour o f Alexandria

For this most detailed scale model, calculations of the 
phytoplankton concentrations were made for a 25-day 
model period during January. Two points represent­
ing the nearby discharging sewage site (point no. 1),

and on the opposite side of the discharging sewage 
pipe (point no. 2), were selected for comparison. The 
results (Figure 7), indicate a high plankton concen­
tration toward the nearby sewage site, where pico- 
plankton represent the dominant group of the phy­
toplankton community. Such patterns may change 
seasonally because of changes in physical parameters.

On the other hand, the pattern of nutrient (P 0 4-P, 
NO3-N, NH4-N) concentrations during January is in­
dicative of the high nutrients load that is discharging 
almost into the harbour basin due to heavy rains 
drainage through sewage net-system (Figure 8). This 
load could be diluted, utilised, deposited and also dif­
fused into the open water through the El-Boughaz 
harbour opening. Time series simulations of the cal­
culated nutrients have also indicated slightly higher 
concentrations at the discharging point site as com­
pared with the selected opposite site (Figure 9).

The results obtained from this modelling exercise 
have shown the success of the developed zoom op-
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Figure 8. Distribution of P 0 4 and N 0 3 concentrations in the Eastern harbour during winter.
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Figure 9. Comparison between the concentrations of nutrient salts at the sewage discharging point (1) and the opposite point (2) in the 
Eastern harbour.

tion in the coupled 3D physical-biological model. In­
deed, it proves its reliability in the calculation of nu­
trients and concentrations by providing similar results 
to the measured values in the Eastern harbour (Ab- 
del-Moati 1996).

Conclusions

The most important steps for developing a model that 
explains local features in the coastal ecosystem of the

Egyptian Mediterranean, using zoom techniques, are 
summarised below:

One of the more complicated problems in coastal 
area modelling is the handling of open boundaries and 
initial conditions. The chosen open boundary condi­
tions and initial conditions have significant influence 
on both the hydrodynamic and ecosystem model re­
sults. The solution employed here is to couple the 
models in such a way that the open boundary values 
of the smaller scale model are obtained from the pre­
vious larger scale model results.
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In selecting a particular zoom area it is necessary 
to collect a lot of model input data. For this purpose 
software was developed which allows for automatic 
creation of input data files for the chosen zoom area. 
In the Egyptian Mediterranean coastal area, especially 
near to the shore, phytoplankton communities are 
dominated by small size classes of phytoplankton -  
phytoflagellates and picophytoplankton. The reason 
may be that their growth rates are much higher com­
pared with netphytoplankton and nanophytoplankton, 
due to their more efficient use of nutrients. In addi­
tion, the continuous discharging of land source efflu­
ents with high concentartions of suspended matter 
and the resulting instability in the water column, and 
the intensive grazing by fish fry and Zooplankton on 
the larger phytoplankton size classes, could favour the 
small size class dominance.

Using the mass-dependent parameterization for 
biochemical reactions (Moloney and Field 1991) the 
number of fitting parameters was decreased from 30 
to 6. As a result, the plankton community equation 
system could be solved in a mathematically correct 
form. While a simple plankton community submodel 
needs very complicated parametrizations as well as 
calibrated coefficients, depending on environmental 
conditions, the mass-dependent parametrization for a 
size-dependent plankton community food web is sim­
ple and has a universal character. In our dataset the 
phytolankton community was taxonomicaly ranked 
according to their size classes.

It is unlikely that the existing plan to reducing the 
freshwater discharge from the Nile River will signifi­
cantly affect the nutrients concentration in this area, 
especially because large quantities of primary treated 
sewage are still being discharged. However, the ex­
pected increase in the average water salinity may oc­
cur, if the freshwater discharge is reduced. This in 
turn may affect the community structure of the living 
biota -  an outcome that can have both positive and 
negative impact on the fish productivity in this area. 
For this reason 3D coupled physical-biological model 
application with updated information could play a 
significant role in predicting and simulating the effect 
of the changing conditions.

Last, this work is the first step in the creation of 
an operational aquatic ecosystem model for coastal 
environment management and forecasting man-made 
impact on the ecological features of the studied area.
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