
Calculating the water and heat balances of the 

Eastern Mediterranean basin using ocean modeling 

and available meteorological, hydrological and 

ocean data.

By

Mohamed Shaltout

Lars Arneborg

Anders Omstedt

(Department of Earth Sciences, University of 

Gothenburg, Sweden)



•Eastern Mediterranean basin is a semi enclosed basin with 
negative water balance. Sicily Strait (149 km Wide) formed 
the only connection between the Eastern and Western 
Mediterranean.
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Bathymetric chart of Eastern Mediterranean basin



• Eastern Mediterranean water circulation and oceanographic 
condition are mainly controlled by the air-sea interaction, 
land-sea interaction (river runoff), diapycnal mixing and the 
exchange through Sicily strait.

• Eastern Mediterranean will be regarded as only one natural 
basin with in and out flows through the Sicily Strait. The 
model will be driven by available meteorological and 
hydrological data and validated by available oceanographic 
data. Based on the calculations, conclusions will be drawn 
with regard to the water (salinity) and heat (temperature) 
balances. 



Objectives of present study

1.Study water exchange through Sicily Strait. 

2.Predict long-term change of vertical temperature and salinity 
distribution. 

3.Examine heat and water balance for Eastern Mediterranean 
basin. 



1- Surface current flow calculated based on satellite sea level data

2- Water balance based on ocean modeling and available data

3- Heat balance based on ocean modeling and available data

4- Validation through NCEP Data and in situ ocean data

Methods of analysis



Results
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Calculated Daily surface geostrophic current system near the strait 
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Surface geostrophic current speed near Sicily strait 
during different daily date. (calculated from 
Satellite sea level data)



Calculated average surface geostrophic current speed across the strait.

Calculated surface flow (Qin)



1-long term monthly mean profile

PROBEEMED model results are examined by analyzed the modelled and observed 
long term monthly mean profile of surface temperature and salinity and Evaporation



Calculated monthly, yearly and 5-year average values of E (m/sec) for the Eastern basin.

Monthly scatter plot of calculated and observed Evaporation for the Eastern basin



Calculated monthly mean values



Water masses for all the entire Eastern basin

Validation



Water balance
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Eastern basin monthly net heat flux and solar radiation to the open water surface (a) and heat loss (b).
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4-Summary and conclusion 

1-This work analyzed the Eastern Basin heat (temperature) and water 
(salinity) balance for the period start from early 1958 to June 2009 in 
relation to current climate condition and exchange through Sicily strait. 
Modeling results are validated with independent data sets of salinity, 
temperature and evaporation observations. 

2-It's clear from this work, how the individual terms of water and heat 
balance changes with time and how the climate change signals affect heat 
and water cycle. Individual values of water and heat components are 
illustrated in figures and tables. There are obvious monthly and annually 
variation in most of water and heat balance cycle.

3-There are climate change trend during the study period. The sea surface and 
salinity increases, the sun radiation decreases as well as the net heat loss 
from the water surface increase.

4- Annual positive trend of Floss (about 9 Wm-2/year)is balanced by net water 
flow (Fin -Fout) to produce heat balance in the Eastern basin.



Finally we can say that:-coupling 
meteorological data, land resource into 
ocean model (PROBEEMED) provides a well 
estimating of temporal heat and water 
cycle.

5-Temperature and salinity of Eastern basin are in good agreement with 
observation. Eastern Mediterranean monthly sea surface temperature show 
a trend of 0.084 oC/decade, while surface salinity show a trend of 
0.012psu/decade.
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Water exchange through Sicily strait.
This exchange is considered as two layer exchange, Surface flow 
(Qin) from western Mediterranean basin to Eastern and lower 
flow (Qout) from Eastern to Western at sill depth.
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Modelling the Eastern Mediterranean basin

Water and heat balance for Eastern basin is studied using a one 
basin model with vertical resolution for the period 1958-2009 
(PROPEEMED). The model simulates the properties of the Eastern 
basin depending on horizontally averaged adjective-diffusive 
conservation of volume, heat, momentum and salinity. Two 
equation turbulent model is also modeled in this model

� PROPEEMED (PROgram for Boundary  layers in the Environment for Eastern 
MEDiterranean)

� This model can be classified as an ‘Equation solver for one-dimensional transient 
or two dimensional steady, boundary layers.

� Ekman layer and developing channel flow are example of such boundary layers

� Characterize turbulent mixing of the flow in a mathematical term is well modeled 
using  two equation turbulent (K-ε model) to calculate mixing coefficient.

� Turbulent model with momentum equations form the basis of the hydrodynamical 
part of the mathematical model. 
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The conservation equation for salinity reads:

The conservation equation for heat reads:





Heat balance

dH/dt=As *(Fin-Fout-Floss)

Floss is the total heat loss through the surface (W/m2) and calculated simply as

sensible 
heat 
flux

latent heat 
flux

net long wave 
radiation

heat flux 
associated with 
precipitation 

solar radiation to the open 
water surface

neglectedNet heat flux 
(Fn) 


