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Abstract 

In this investigation, three-dimensional modeling of temperature, salinity and density using 

MIKE 3 numerical modeling was performed in the Caspian Sea. In order to consider 

interactions between the atmosphere and sea surface layer, mean monthly re-analysis data 

were used from NOAA site including relative humidity, total cloud cover, precipitation, 

evaporation and pressure, also wind velocity components and air temperature at sea level 

from ECMWF site. The mean monthly temperature and salinity fields in the Caspian Sea in 

the August were imposed to the model as the initial conditions. The model was implemented 

for three months from the beginning of August until the end of October 1995. The model 

results in the surface layer are compared with the mean monthly sea surface temperature 

obtained from the Oceanwatch site and shows relatively good agreement. The temperature 

and salinity patterns in all the layers have an increasing trend from north to south. 

Thermocline profiles are deeper in the southern part of the Caspian Sea than middle part. 

Density pattern in the Caspian Sea has a many changes than sea temperature and salinity in 

different layers. 
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1. Introduction 

The Caspian Sea which in Iran incorrectly referred to as the Khazar Sea (for a historical 

discussion, see [1], is the largest inland water body on the earth planet, occupying a deep 

depression on the boundary of Europe and Asia. A major difference between the Caspian and 

other large inland water bodies is its meridian orientation and great length (1,200 km), 

resulting in large differences in climate over the sea and especially over the catchment area; 

the northern shores are subject to extreme continental climate, while the southern and 

southwestern coast is in the sub-tropics. The Caspian Sea lies between 4713’ and 3634’ 

north latitude and between 4638’ and 5444’ east longitude. The average breadth of the 

Caspian from the west to the east is 330 km. The surface of the Caspian is about 379,000 км
2
, 

and its volume is about 78,000 км
3
 of brackish water [2]. The maximum depth of the Caspian 

is 1025 m, and the average depth is 184 m. This sea is commonly divided into three portions: 

the northern, middle and southern parts. The northern part of the sea covers about 80,000 км
2
. 

It is relatively shallow, averaging about 5-6 m in depth.  The middle part of the Caspian Sea is 

a separate depression totaling about 138,000 км
2
 in area. The average depth of the middle 

Caspian is 190 m, and its greatest depth is 788 m. The southern part of the Caspian Sea, 

having a total area of about 168,400 км
2
, is separated from the middle by the Absheron ridge 

which is a continuation of the main Caucasus range. The deepest part of the Caspian Sea is in 

the South Caspian. The Caspian Sea plays an important geopolitical role in the region by 

causing special natural conditions and contains rich natural resources such as biological and 

mineral [3]. In the other hand, in recent decade's discussion of using new and renewable 

energies instead of oil and gas resources because of its environmental issues aim the 

researchers to have a better knowledge about it. Therefore, its study is central to the interest 

not only for near-Caspian states, but far beyond them as well. The natural regime of the 

Caspian Sea is formed under the dominant influence of external factors such as riverine runoff 

and atmospheric activities. Some of the main chemical and abiotic parameters in the 

ecological studies of the marine areas such as temperature, salinity and density play an 

important role in the dynamics of marine communities. Today's implementation of numerical 

models based on solving governing equations is an obvious need for a better understanding of 

phenomena and environmental engineering, because the field measurements of temperature, 

salinity and density are costly business in terms of time and cost. To obtain the patterns of 

temperature, salinity and density of water bodies in large scales such as Caspian Sea, we are 

going to solved currents equations and dispersion of temperature and salinity equations with 

normal numerical methods base on field data collected. These methods cause to bring down 

costs of the field measurements. The Caspian Sea as the largest lake in the world is so poor in 

the modeling of hydrological processes by the researchers. However, lack of appropriate and 

sufficient field data make a lot of problem for us to extract useful information from the 

numerical models and use it in the ecological investigations. Because, lack of regular and 

appropriate data for imposing of initial conditions to the models and also lack of temperature, 
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salinity and density data in the offshore and near-shore, are important limiting factors in 

studies and researches in the Caspian sea to calibrated and verificated models. The aim of this 

research is the implementation of a three-dimensional pre-compiled mathematical model to 

determine temperature, salinity and density structure of the Caspian Sea in the different layers 

in short time period using reanalyze data of NOAA and ECMWF-ERA40 sites and 

comparison of the model results by Oceanwatch [4]. For this purpose, MIKE 3 model was 

used. Also by obtain the true coefficients for model setup and use them to longer timescale, 

we can use this model for future physical and chemical oceanography and environmental 

studies. 

 

2. Materials and Methods 
The three dimensional, baroclinic model MIKE 3 is a non-hydrostatic numerical modeling 

system developed for a wide range of applications in areas such as oceans, coastal regions, 

estuaries and lakes. The hydrodynamic (HD) module is the basic module in the MIKE 3 Flow 

Model. It simulates unsteady three-dimensional flow, taking into account density variations 

due to temperature and salinity variations, bathymetry and external forcing such as 

meteorology, tidal elevations, currents and other hydrographic conditions [5]. In a three 

dimensional hydrodynamic model for flow of Newtonian fluids, the elements of mass and 

momentum conservation, conservation of salinity and temperature and equation of state 

relating local density are required. The governing equations consist of seven equations with 

seven unknowns. The mathematical foundation in MIKE 3 is the mass equation and the 

Reynolds-averaged Navier-Stokes equation in three dimensional, including the effects of 

turbulence and variable density, together with the conservation equations for salinity and 

temperature. 
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Where, ρ density, sC speed of sound in water, iu the velocity in the ix -directions, ij Coriolis 

tensor, P the fluid pressure,
 i

g the gravitational vector, Tv the turbulent eddy viscosity, 

Kronecker delta, k the turbulent kinetic energy, TS,  the salinity and temperature, 
TS DD , the 

associated dispersion coefficient, t  Time, SS  the respective source-sink terms and thus 

differs from equation to equation, the salinity, temperature and pressure are related to the 

density through the UNESCO definitions [6]. In most three-dimensional models the fluid is 

assumed incompressible. This is solved through the hydrostatic pressure assumption whereby 

the pressure is replaced by information about surface elevation. In order to retain the full 
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vertical momentum equation an alternative approach has been adopted in MIKE 3 model. 

This approach is known as the artificial compressibility method in which an artificial 

compressibility term is introduced whereby the set of equations mathematically speaking 

becomes hyperbolic dominated [7, 8]. The hydrodynamic module of MIKE 3 makes use of 

the so-called Alternating Direction Implicit technique to integrate the equations for mass and 

momentum conservation in the space-time domain. The equation matrices, which result for 

each direction and each individual grid line, are resolved by a Double Sweep algorithm. The 

turbulence is modeled in terms of an Eddy Viscosity and a bed shear stress. In this study, we 

used mixed 1D    , 2D Smagorinsky Turbulence model for determined horizontal and 

vertical eddy viscosity. The horizontal eddy viscosity is determined by Smagorinsky formula 

[9].  

     √                                                                               

    
 

 
(
   

   
 

   

   
)                                                                  

   Are the velocity components in the   -directions [10, 11, 12, 13].   Is a length scale for the 

vertical direction, a 1D     modelis that applied. 

     

  

 
                                                                         

  the turbulent kinetic energy,   the dissipation rate of turbulent kinetic energy,    is an 

empirical constant. In this investigation, in order to Eddy viscosity modeling in the horizontal 

plane, we used three different Smagorinsky coefficients in three areas of the Caspian Sea 

(North=0.3, Middle=0.4 and South=0.5; respectively).   

The bed stress is specified in terms of a drag coefficient formulation according to the relation,  
       

 
    

 |  |                                                                 

        is the bottom shear stress,    the first computational speed encountered above the 

bottom.    is the drag coefficient, when using the mixed 1D     , 2D Smagorinsky closure 

model, the bed drag coefficient reads: 

 

   [
 (  

  

    
)

   (
    
  

)  (  
  

    
)
]                                                         

 

   Is the vertical extent of the bottom grid cell,   is von karmans constant,    is bed 

roughness length scale. MIKE 3 is a finite difference model with constant grid spacing in x, y 

and z directions, and therefore model area has to be rectangular in horizontal plane. The 

model uses bathymetric data obtained from the ETOPO2 datasets [14]. The coastline and the 

bathymetry digitized data were used from the Navigation Map of the Caspian Sea published 

by the Navigation and Oceanography Department of the Defense Ministry of the USSR in 

1987. (Scale 1:1000000, Mercator projection). The coastline was corrected in some details 

using the image from the satellite "Resurs" made in 1997. Resolution of the image was 150 m. 

The vertical datum is defined as mean sea level. We used the structured grid for the domain 

mk:@MSITStore:C:/Program%20Files/DHI/MIKEZero/bin/M3Nested.chm::/m3hd_Ref45.html#wp1114087
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and the model grid area covers the entire Caspian Sea. The bathymetry included 85×120 

rectangular grids with grid size 10 km in the both zonal and meridional directions. Number of 

vertical layers was 102 with vertical grid spacing 10m. Totally, model used 71739 

computational points in the domain. The Courant number represents stability of model 

problems. The Courant number is defined as      
  

  
 , where    is the time step,    is the 

grid spacing in one of the horizontal directions and c is the wave celerity given by   √  , 

For the model of Caspian Sea, a grid spacing of 10000 meters and time step of 600 second 

produced a max Courant number of 5.6. Meteorological forcing in the most hydrodynamic 

models is undertaken by defining wind stress or pressure fields. In this work the wind data 

including wind speed (m/s) and wind direction (degree) in 10 meter high from the sea surface 

as varying in space and time available from a re-analysis data of ECMWF-ERA40 was used 

[15]. The other hand, surface pressure (hpa) obtained from NOAA site (National Oceanic and 

Atmospheric Administration) [16]. The time step data were monthly according to modeling 

period and the resolution was 2.5 degree latitude × 2.5 degree longitude, 85×120 rectangular 

local grid with grid size 10 km in the both zonal and meridional directions in both data series. 

Since, the Caspian Sea has 11 degree latitude so the Coriolis force considering in three 

dimensional modeling in this basin as vary in domain based on the geographical information. 

In areas not covered by ice the surface stress,  ̅            is determined by the winds above 

the surface. The stress is given by the following empirical relation: 

  ̅   
 
  |  | ̅                                                                       

Where    is the density of air,    is the drag coefficient of air, and  ̅          is the wind 

speed 10 m above the sea surface. The friction velocity associated with the surface stress is 

given by  

     √
    |  | 

  
                                                        (11) 

The wind friction in surface is varying with wind speed, so in order to affect the wind friction 

factor with wind speed variation we used The empirical formula proposed by Wu [17,18] in 

order to parameterization of the drag coefficient:  
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where            |  
̅̅ ̅̅ | are empirical factors and | ̅| is the wind velocity 10 m above the sea 

surface. The default value for the empirical factors are              ,             

    , |  
̅̅ ̅̅ |         and |     

̅̅ ̅̅ ̅̅ ̅|        . In this investigation, it is not possible to take 

into account the effect of the ice coverage due to simulation period (August to October 1995). 

Discharge of five main rivers to the Caspian Sea (Volga, Ural, Terek, Kura and Sefidrud) as 

source terms, water outflow to the Kara-Bogaz-Gol as sink terms and also Coriolis forcing as 

varying in domain included in the model [19]. The salinity of river-flow waters was taken to 

be zero PSU [20]. The boundary conditions in the air-sea interaction model and at the upper 
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boundary of the sea are specified on the basis of mean monthly reanalysis data obtained from 

ECMWF-ERA40 and NOAA from first of the August 1995 to the end of the December 1995. 

Precipitation and evaporation rate (mm/day) obtained from NOAA and then included to the 

model as varying in time and domain. The heat in the water body can interact with the 

atmosphere through heat exchange. The heat exchange in the MIKE 3 is calculated on basis of 

the long wave radiation, the sensible heat flux, the short wave radiation and the latent heat 

flux. In order to including heat exchange in this model, we specified the air temperature at 2 

m above the sea surface (in   obtained from ECMWF-ERA40), the relative humidity (in % 

obtained from NOAA) and clearness coefficient (in % obtained from NOAA) as varying in 

time and domain. We specified constants in Dalton's Law (=0.125) and Wind coefficient in 

Dalton's Law (=0.225) for the latent heat flux, Sun constants in Angstrom's Law (=0.295), the 

time displacement and the local standard meridian for the time zone. The short wave 

penetration is dependent on the visibility, which was specified as Light extinction coefficient 

(=1.5). It was necessary to specify the initial spatial distribution of salinity and temperature 

throughout the domain. Values were constructed in a three-dimensional grid encompassing 

the entire domain, based on the climatic fields of the salinity and temperature in August 1995 

at depths of 0, 30, 50, 100 and 200 m. The dispersion of salinity and temperature in equations 

(3) and (4) is assumed to be proportional to the effective Eddy Viscosity with the factor of 

proportionality being 
 

  
 the dispersion factor.    is the Prandtl/Schmidt number. It must also 

specify the dispersion limits for each grid direction by defining the dimensionless dispersion 

coefficient for direction j as: 

   
      

       
  

                                                            (13) 

where     is the grid spacing in the j'th direction. 

 

3. Results and discussion 
3.1. Overall information 

For realization of model calculations, we used mean monthly of Sea Surface Temperature 

images from Oceanwatch site in during of modeling period. The comparison of model results 

shows good agreement with SST images in surface layer in three basins. With respect to 

extension of the Caspian Sea and unable to determine the patterns of all layers, we described 

temperature, salinity and density structure  only in 4 layers (depth of 0, 30, 50 and 200 m) on 

September 1995.  

 

3.2. The temperature patterns in the Caspian Sea basin 

The maximum temperature in this modeling was equal 27.2   in the Caspian Sea basin 

(figure 1). The temperature investigating shows that the temperature slowly decreasing with 

moving from southern parts of the Caspian Sea to the northern part. Volga estuary has 

minimum temperature and there is the highest temperature in the southeastern part of the 

Caspian Sea than the other parts of it because of its hot and dry climatology conditions. In 30 

m depth, the maximum modeled temperature was equal 17.47   and it can be seen in 

southern and southeastern parts of the Caspian Sea. The temperature decreases with moving 

mk:@MSITStore:C:/Program%20Files/DHI/MIKEZero/bin/M3Nested.chm::/m3hd_Ref45.html#wp1114087
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from south to the end part of the middle Caspian. The minimum temperature calculates in 

middle Caspian Sea and was equal 16   (figure 2). 

 

  
Figure 1. mean monthly temperature pattern at 

surface layer of the Caspian Sea in September 

Figure 2. mean monthly temperature pattern at 

depth of 30 m in the Caspian Sea in September  

 

The maximum temperature in depth of 50 m calculated by the model at the south Caspian Sea 

basin and it was equal 12.45 . The temperature decreases with moving from south to the end 

part of the middle Caspian Sea. The middle part of the Caspian Sea has minimum temperature 

and is equal 11.61  (figure 3). The maximum temperature at depth of 200 m calculated at the 

southern part of the Caspian Sea basin and it was equal 12.45 . With moving from south to 

the end part of the middle Caspian Sea the temperature decreased. The minimum temperature 

is belonged to middle part of the Caspian Sea and was equal 5.89  (figure 4). The 

Thermocline layer beginning about 30 m depth and continues to 100 m in middle and south 

Caspian basin. The temperature in the Thermosphere layer is 26.75  and in the 

Psychrosphere layer are 7.59 . The temperature is permanent from 100 m to deeper parts, 

approximately 7 . There is no Thermocline in north Caspian because it locates in shallow 

water zone.  

 

http://www.cnbjournals.com
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Figure 3. mean monthly temperature pattern at 

depth of 50 m in the Caspian Sea in September  

Figure 4. mean monthly temperature pattern at 

depth of 200 m in the Caspian Sea in September  

 

3.3. The salinity patterns in the Caspian Sea basin 

Salinity values in the surface layer increasing by moving from north to south of Caspian 

basin.  A minimum salinity value is equal 1 PSU due to Volga estuary in the north Caspian 

basin. A maximum salinity value is equal 12.66 PSU in the southeastern of the Caspian Sea 

basin.  Generally, the salinity variation in the surface layers and in southern areas has more 

homogenizes with respect to north and middle Caspian basin (figure 5). In 30 m depth, the 

salinity values increases by moving from north to south of the Caspian basin. A minimum 

salinity value is equal 12.49 PSU in the end of middle Caspian. In the south of Caspian Sea, 

maximum salinity is 12.75 PSU in southeastern area. Generally, the salinity pattern in this 

layer and in southern areas have more homogenizes with respect to middle Caspian basin 

(figure 6).  

  
Figure 5. mean monthly salinity pattern at the 

surface layer in the Caspian Sea in September 

Figure 6. mean monthly salinity pattern at depth of 

30 m in the Caspian Sea in September  

http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com
http://www.cnbjournals.com


Journal of Biology and today's world                        2012, volume 1, issue 1, pages: 51-62 
 

59 | P a g e  
 

 

In 50 m depth, salinity values increases by moving from middle area to southern area of the 

Caspian Sea. Minimum salinity value is equal 12.71 PSU in the middle Caspian basin. 

Maximum salinity value is equal 12.78 PSU in the southeastern of the Caspian Sea. 

Generally, the salinity pattern in this layer and in southern an area has more homogenizes 

with respect to middle Caspian basin (figure 7). Salinity distribution in 200 m depth of the 

Caspian Sea representing that there is no significant variations in this layer. Whiles, the 

deeper parts of the southern Caspian are a little salty with respect to the middle Caspian 

(figure 8). 

 

  
Figure 7. mean monthly salinity pattern at depth of 

50 m in the Caspian Sea in September 

Figure 8. mean monthly salinity pattern at depth of 

200 m in the Caspian Sea in September  

 

 

3.4. The density patterns in the Caspian Sea basin 

In the surface layer, density values has an increasing trend by moving from north to south and 

minimum density is 1004.89 
  

   in west northern of the Caspian Sea (figure 9). The density in 

the north Caspian basin due to inflow of Volga and Oral has very variety. The south of the 

Caspian Sea, density has more permanency and east southern of the Caspian Sea caused on 

meteorological conditions has more density values with respect to the other areas. By moving 

to the deeper parts and 30 m depth, density value has basic variations. The middle Caspian 

Sea has more density in comparison with the other areas (figure 10). Density value increasing 

is very significant in the east of the middle Caspian Sea.  The density value is more in the east 

southern of the Caspian Sea with respect of the west southern of the Caspian Sea. The density 

gradient in this layer is 2 
  

   more than surface layer.    
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Figure 9. mean monthly density pattern at the 

surface layer in the Caspian Sea in September 

Figure 10. mean monthly density pattern at depth of 

30 m in the Caspian Sea in September  

 

 

3
th

 layer in 50 m depth has an increasing density value equal 3
  

  . In this layer maximum 

density is belong to northeastern parts of the middle Caspian Sea due to upwelling in coastal 

areas. Density value in south of the Caspian sea has a little increasing than middle Caspian 

(figure 11). In 200 m depth, density decreases by moving from the middle Caspian to the 

south Caspian (figure 12).     

 

 

  
Figure 11. mean monthly density pattern at depth 

of 50 m in the Caspian Sea in September 

Figure 12. mean monthly density pattern at depth of 

200 m in the Caspian Sea in September  
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4. Conclusion 
The aim of this investigation is three-dimensional modeling of temperature, salinity and 

density in the Caspian Sea in during the short period (3 months, August to October 1995), by 

using the satellite data from NOAA and ECMWF-ERA40. For this purpose MIKE 3 

numerical model was used and mean monthly result of modeling was compared with mean 

monthly sea surface temperature obtained from Oceanwatch site. Modeling result show that 

temperature patterns in different layers have a decreasing trend by latitude increasing from 

south to north part of the Caspian Sea. Thermocline layer thickness was decreasing from 

southern to northern part of the Caspian Sea, such that in boundary areas between middle and 

north Caspian and especially in North Caspian due to depth decreasing and water mixing in 

neighboring layers, Thermocline layer thickness disappearing. This result is in a very good 

agreement with Nasimi [21] in same duration. Also for salinity and temperature was seen the 

increasing trend by moving from north to south Caspian. This increasing trend preserve in all 

layers. Just in rivers estuary salinity has significant varifications. Density factor in the 

Caspian Sea has very irregular, because this parameter has much dependency to three other 

factors i.e.; salinity, temperature and pressure. It means that with a little varying in each of 

those three factors, value of density will be change. In the other hand, density also depended 

on the stratification. These causes that density patterns were differ in different layers.  

 

 

References 
 

[1] Reza, E. 2007. The name of North Iranian Sea, Iranian and Islamic Research Center 

Publishers 149p. 

 

[2] Froehlich, K., Rozanskib, A. K., Povinecc, P., Oregionic, B., and Gastaud, J. 1999. 

Isotope studies in the Caspian Sea, Sci. Total Environ., 237–238, 419–427. 

 

[3] Kostianoy, A.G., and Kosarev, A.N. 2005. The Caspian Sea environment. Springer-Verlag 

Berlin Heidelberg. Pp: 5-31. 

 

[4] http://www.oceanwatch.pifsc.noaa.gov 

 

[5] Manual of MIKE 3, "Coastal Hydraulic and Oceanography Hydrodynamic Module, 

Scientific Documentation," Danish Hydraulic Institute (DHI Software), 2007. 

 

[6] UNESCO. 1981.  The practical salinity scale 1978 and the international equation of state 

of seawater. 1980, UNESCO technical papers in marine science. 36.  

  

[7] Chorin, A.J. 1987. A numerical method for solving incompressible viscous flow problems. 

J. Comp.  Physics, 69: 1-48.  

http://www.oceanwatch.pifsc.noaa.gov/


Journal of Biology and today's world                        2012, volume 1, issue 1, pages: 51-62 
 

62 | P a g e  
 

[8] Rasmussen, E.B. 1993. Three dimensional hydrodynamic models, In Abbott, M.B, and 

Price, N, A. (eds), Coastal, Esturial and Harbour Engineers Reference Book. Chapman and 

Hall, London.  

 

[9] Smagorinsky J, 1963. General circulation Experiments with the primitive equations. 

Monthly weather review 91: 91-164.  

 

[10] Aupoix, B. 1984. Eddy viscosity subgrid scale model for homogeneous turbulence, in 

modeling of turbulent flow. Lecture notes in Physics. Proc. Sophie-Antipolis. France. 

 

[11] Horiuti, K. 1987. Comparison of conservation and rotational forms in large eddy 

simulation of turbulent channel flow. Journal of Computational Physics. 71. Pp: 343-370. 

 

[12] Leonard, A. 1974. Energy cascades in large-eddy simulations of turbulent fluid flows. 

Advance in Geophysics. 18, pp: 237-247. 

 

[13] Lilly, D.K. 1966. On the application of eddy viscosity concept in the inertial subrange of 

turbulence. NCAR Manuscript, no, 123. National Center for Atmospheric Research. Boulder. 

Colorado.  

 

[14] http://www.ETOPO2.net 

 

[15] http://www.ECMWF.int  

 

[16] http://www.ngdc.noaa.gov 

 

[17] Wu, J.1980. Wind-stress Coefficients over sea surface and near neutral conditions- 

Arevisit, J. Phys. Oceanogr., 10, 727-740. 

 

[18] Wu, J. 1994. The sea surface is aerodynamically rough even under light winds, 

boundary layer metheorology, 69, 149-158. 

 

[19] Sharbaty, S. 2012. Comparison of MIKE 3 Model and Princeton Ocean Model in Wind 

driven Current patterns under same conditions for the Caspian Sea, Canadian Journal on 

Computing in Mathematics, Natural Sciences, Engineering and Medicine. 3 (3), 60-66. 

 

[20] Knysh, V.V., Ibrayev, R.A., Korotaev, G.K., and Inyushina, N.V., 2008. Seasonal 

variability of climatic currents in the Caspian Sea reconstructed by assimilation of climatic 

temperature and salinity into the model of water circulation. ISSN 0001-4338, Izvestiya, 

Atmospheric and Oceanic Physics, Vol. 44, No. 2, pp. 236–249.  

 

[21] Nasimi, S., and Ghiasi, R. 2006. A three-dimensional model of water circulation and 

temperature structure in the Caspian Sea. J. Earth Space Phys. 32:21-35.  

 

http://www.etopo2.net/
http://www.ecmwf.int/
http://www.ngdc.noaa.gov/

