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In this study, changes in the magnetic field and electrical conductivity across 

the Caspian Sea Basins were investigated using the Princeton Ocean Model 

(POM). In this model, bathymetry, temperature and salinity and atmospheric 

flux data were collected from GEBCO08, WOA and ECMWF databases, 

respectively. This model was implemented for ten years (2009-2019), and 

temperature, salinity and current velocity were extracted from the model output 

to calculate the electrical conductivity and simulate the magnetic field 

anomalies of the Caspian Sea. The calculated electrical conductivity indicates 

that the dominant factor in electrical conductivity was temperature. In the study 

area, the highest and lowest electrical conductivity were in the southern Caspian 

basin (SCB) with a value of 2.3 S/m in summer and in the northern Caspian 

basin (NCB) about 0.8 S/m in autumn. Also, the results show the highest and 

lowest magnetic fields in the SCB were 16 nT in March and 12 nT in November, 

respectively. The distribution of magnetic field anomalies with different values 

in the middle Caspian basin (MCB) can also be observed for all months. 

According to the results, the dominant factor in the magnetic field anomalies is 

the current velocity, which has the most effect on the magnetic field in the 

western part of the Caspian Sea. 
 

Keywords: 

Magnetic field anomaly 

Electrical conductivity 

Electromagnetic induction 

POM model 

Caspian Sea 

 

 

1. Introduction 
Electro-magnetic induction due to the flow of 

conducting seawater in the Earth’s magnetic field has 

been a subject of research interest for many years [e.g.: 

1, 2, 3, 4, 5, 6]. There has been a recent increase of 

research activities [e.g.: 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18].  The oceans play a special role in this 

induction due to their relatively high conductivity 

which leads to large lateral variability in surface 

conductance. The ocean-induced magnetic field is the 

smallest component of the Earth's magnetic field, and 

is five orders weaker than the Earth’s magnetic field 

[18, 20]. These ocean magnetic signals are generated 

by sea interactions with the Earth’s magnetic field.  The 

magnetic field observed near the Earth’s surface shows 

the interference of different magnetic field components 

[21]. The Earth’s core field, known as the main field, 

generates more than 90% of the geomagnetic field 

measured at the Earth’s surface. The Earth’s magnetic 

field is generated by the movement of conductive 

material in the liquid part of the Earth’s core, called 

Geodynamo, and refers to the core field. The Earth's 

surface magnetic field, generated by the Geodynamo 

core, resembles a dipole in the center of the Earth with 

a magnetic field ranging from 30,000 nT at the equator 

to more than 60,000 nT in the polar regions [22]. 

Another source of magnetic field is ocean dynamics. 

The oceans produce a magnetic field because the salty 

sea-water is a conductive fluid with a mean value 

between 3 to 4 S/m. Electrical signals detectable above 

the ground are due to seawater movement and ocean 

circulation caused by winds on the sea surface and 

differences in density due to changes in temperature 

and salinity. This combination of magnetic fields is the 

main subject of this research and is discussed in more 

detail. The studies show that the change in the electrical 

conductivity of seawater affects the characteristics of 

increasing and decreasing electromagnetic fields [23].  

The electrical conductivity of the seawater in turn is 

mainly dependent on seawater temperature and salinity 

distribution [24]. which can be estimated using the 

Apel (1987) approximation [25], where temperature is 
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the dominant component [26]. The seawater electrical 

conductivity can be considered constant or variable 

with time; often variable electrical conductivity is 

considered instead of constant electrical conductivity 

distribution in the ocean [27]. As the oceans pass 

through the Earth’s main magnetic field, the ionic 

content in the oceans generates electrical currents 

which flow across the world's oceans and produce 

magnetic fields called secondary magnetic fields. 

Electric currents that generate secondary fields are 

induced in the oceans by two different processes: (a) by 

time varying external magnetic fields, and (b) by the 

motion of the conducting ocean water through the 

Earth’s main magnetic field [19]. An important 

question to be answered by such studies is whether the 

magnitude of the ocean induced magnetic field, (b), is 

sufficient for detection by present magnetometers. 

Magnetic field measurements at the ocean showed that 

this amount reached several nanotesla. In situ 

measurements at and below the ocean surface 

demonstrated that this magnitude reaches many tens of 

nanotesla [28]. Ocean eddies near Tasmania induce up 

to 25-nT magnetic fields at the sea surface. However, 

present numerical models predict much lower values. 

Stephenson and Bryan (1992) found the vertical 

component, bz, of the field at the sea surface to be of 

order 1 nT, while Tyler et al. (1997) and Vivier et al. 

(2004) reported field magnitudes within a few 

nanotesla. At the sea surface, in several spots south of 

Australia, at the satellite altitude its maximum value is 

6 nT, also much larger than in the earlier studies. 

Similar calculations using ocean data products from the 

1 °-resolution version of the ECCO-MIT model yield 

20 nT as the maximum amplitude of the surface field, 

and 4 nT at 430 km [29]. Tyler et al. (1997) obtained 

the anomalies of the magnetic field in Antarctica and 

concluded that the changes in the magnetic field were 

about 2 nT at a depth of 20 m, 10 nT at a depth of 100 

m, and up to several tens of nanotesla at lower depths. 

Researchers are interested in understanding the 

magnetic field produced by the ocean for a number of 

reasons. First, the ocean's magnetic field has become 

interesting for many oceanographers to study more 

about ocean currents. Secondly, the ocean's magnetic 

field is also relevant to geophysicists studying 

geological structures under the ocean [4]. However, the 

detection of the presented signals in satellite-based 

magnetometer measurements may be challenging 

today [30]. Nonetheless, the precision of the 

observations might improve with longer observation 

time series, by future processing improvements or 

through future magnetometer satellite missions. In 

addition, terrestrial magnetometers should be used. The 

expected changes at sea level (or ocean bottom) are of 

the order of several 0.1 nT and should be detectable by 

magnetometers on land, at ocean bottom, by deep sea 

telecommunication cables or in induction-based 

Tsunami early warning networks [31, 32, 33, 34]. The 

electrical conductivity of seawater samples on the 

southern shores of the Caspian Sea was measured at 

about 23 dS/m [35]. So far, no research has been done 

on the magnitude of the magnetic field in the Caspian 

Sea basins. In this research, for the first time, in a 0.08 

°-resolution version of the POM model, oceanographic 

parameters such as temperature, salinity and current 

velocity were extracted and then they were used as 

inputs to study changes in magnetic field and electrical 

conductivity in the three Caspian basins. Tidal motions 

are not included in this analysis, because the tides in the 

Caspian Sea are negligible. 
 

2. Methodology 

2.1. Study area  

The Caspian Sea is the largest lake in the world. All the 

features of the Caspian Sea, including size, depth, 

chemical properties, as well as circulation and 

thermohaline properties, classify it as a deep inland 

sea.  In 2016, the average level of the Caspian Sea was 

measured to be -27.43 m against the surface of the 

Atlantic Ocean [36]. The Caspian Sea has a 

longitudinal geometry (1000 km long and 200 to 300 

km wide) and has three northern, middle, and southern 

basins (Figure 1). The maximum depth in the northern 

basin is 20 m while the maximum depths in the middle 

and southern basins are 788 m and 1025 m, respectively 

[37]. Sea surface temperature in the NCB reaches 

below zero in winter and 25-26 °C in summer. In the 

southern Caspian basin (SCB), it occurs from 7-10 °C 

in winter to 25-29 °C in summer. The Caspian Sea has 

little salinity. In the deepest region, salinity changes 

reach about 12 psu to 13.5 psu [38, 39]. The elongated 

geometry and specific topography in the Caspian 

basins, acted upon by variable wind forcing and 

baroclinic effects result in spatially and temporally 

variable currents in the Caspian Sea. Despite strong 

variability of the sea currents, the general circulation 

has been described to be cyclonic. Especially standing 

out among these were the six instrumental surveys 

along the western coast of the MCB, carried out in the 

years 1935–1937 [40], showing predominantly 

southward currents along the western coast of the 

MCB, modified by wind-driven currents close to the 

surface [37, 41].  
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Figure 1. Caspian Sea [34] 

 

2.2. Numerical system 

The Princeton Ocean Model (POM) is a numerical 

ocean model on sigma coordinates, a right-angled 

curved horizontal grid, free surface boundary 

conditions, as well as turbulence and wave sub-models. 

It can be used for a wide range of issues such as 

circulation and mixing process in rivers, estuaries, 

continental shelf and slope, lakes, semi-closed and 

open oceans [42]. It uses the Mellor and Yamada 

(1982) turbulence closure scheme [43], while the 

horizontal viscosity terms are provided by the 

Smagorinsky (1993) parameterization [44]. Numerous 

applications of this model in the modeling field in 

oceans and seas have been studied in different parts of 

the world by many international researchers [45, 46, 

47]. Message passing interface Princeton Ocean Model 

(mpiPOM) was developed by Advanced Taiwan Ocean 

prediction (ATOP) and is optimized for the needs and 

resources of the ATOP system [48]. It is desirable in 

terms of computer economy to separate vertically 

integrated equations (external mode) from vertical 

structure equations (internal mode). This technique, 

known as mode splitting [49], permits the calculation 

of the free surface elevation with little sacrifice in 

computational time by solving the velocity transport 

separately from the three-dimensional calculation of 

the velocity and thermodynamic properties. It generally 

uses the Smagorinsky diffusivity formula for horizontal 

diffusion [50]. The numerical technique for solving the 

temporal part of the equations is based on the mode 

separation method in which the external and internal 

modes equations are solved in two and three 

dimensions, respectively. It generally uses the 

Smagorinsky diffusivity formula for horizontal 

diffusion [50]. The numerical technique for solving the 

temporal part of the equations is based on the mode 

separation method in which the external and internal 

modes equations are solved in two and three 

dimensions, respectively. In this study, the mpiPOM 

version is used  for the Caspian Sea. The model domain 

is 36.40-47.50 °N and 46.50-55.00 °E with a horizontal 

resolution of 0.08 ° × 0.08 ° (in co-latitude and 

longitude) and 35 sigma levels. To apply the parallel 

processing (mpi), four cores were considered with the 

computational grid 68 × 52 (Eq. 1). 
 

𝑛𝑝𝑟𝑜𝑐 = [(𝑖𝑚𝑔𝑙𝑜𝑏𝑎𝑙 − 2)/(𝑖𝑚𝑙𝑜𝑐𝑎𝑙 − 2)] × [(𝑗𝑚𝑔𝑙𝑜𝑏𝑎𝑙 − 2)/

(𝑗𝑚𝑙𝑜𝑐𝑎𝑙 − 2)]                                                                        (1) 
 

Where 𝑖𝑚𝑔𝑙𝑜𝑏𝑎𝑙 = x-grid cells for modeled domain, 

𝑗𝑚𝑔𝑙𝑜𝑏𝑎𝑙 = y-grid cells for modeled domain, 

𝑖𝑚𝑙𝑜𝑐𝑎𝑙 = x-grid cells for each processor, 𝑗𝑚𝑙𝑜𝑐𝑎𝑙 = y-

grid cells for each processor, and 

𝑛𝑝𝑟𝑜𝑐 =processors (i.e. num_of_nodes). The external 

time step is set to 5 s and the internal to 150 s. Surface 

fluxes use the 6-hourly atmospheric analyses from the 

European Centre for Medium-range Weather Forecast 

(ECMWF) at 0.125 °-resolution. The parameters used 

are 10 m winds, precipitation, evaporation, heat flux, 

and short and long wave radiation. Also, temperature 

and salinity data are used from World Ocean Atlas 

(WOA2005) at 1 °-resolution, and bathymetry data 

from General Bathymetric Chart of the Oceans 

(GEBCO08) at 0.5 °-resolution. The monthly average 

of Naval Research Laboratory (NRL) data was used for 

the data of the rivers (Volga, Kura and Ural) [51]. The 

model was run for 10 years from 2009 to 2019. After 

spinning up of 10 years, the model outputs were saved 

daily. In this study, we analyzed a year (2018) of model 

outputs. Salinity, temperature and current profiles have 

been extracted from model outputs. They were finally 

used to calculate the electrical conductivity into 

different layers of the Caspian Sea. 
 

2.3. Stability and validation of the model 

To check the stability of the model, salinity changes 

over time are shown in Figure 2a, which shows good 

stability after seven years of model implementation. To 

validate the output of the model, according to the 

measurement data available in 1996 [52], this model 

was implemented for ten years, from 1988 to 1997 [53].  

Comparison of model output and in situ measurement 

data show that they are in good agreement. (Figure 2b). 

The comparison station is located at 41.5 °N and 50 °E 

(Figure 1_A). 

 

 

 

 

A 

B 

C 

D 
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Figure 2. Stability (a) and validation (b) of the model  

 

2.4. Electrical conductivity and Magnetic Field 

To investigate the temporal and spatial distribution of 

electrical conductivity, using the salinity and 

temperature values extracted from the POM output, 

the electrical conductivity can be estimated using the 

method described by Apel (1987; Eqs. 2-5). 
 

𝜎(𝑇, 𝑠) = 𝜎(25, 𝑠) 𝑒𝑥𝑝( − 𝛽𝛥)                                        (2) 

𝛥 = 25 − 𝑇                                                                 (3) 
𝛽(𝛥, 𝑠) = 2.033 × 10−2 − 1.266 × 10−4𝛥 + 2.464 × 10−6𝛥2 −

𝑠(1.849 × 10−5 − 2.551 × 0−7𝛥 + 2.551 × 10−8𝛥2)         (4) 
𝜎(25, 𝑠) = 𝑠(0.182521 − 1.46192 × 10−3𝑠 + 2.09324 ×

10−5𝑠2 − 1.28205 × 10−7𝑠3)                                        (5) 
 

Where σ is the conductivity of seawater. 

The computation of electromagnetic induction is 

based on the equations of electromagnetic induction 

by Maxwell in 1865 for a moving medium.  
 

a) Ampere’s law                        𝛻 × B⃗⃗ = μ0J     (6) 

b) Maxwell - Faraday’s law       ∇ × E⃗⃗ = −
∂B⃗⃗ 

∂t
 (7) 

c) Gauss's law                             ∇ ⋅ B⃗⃗ = 0 (8) 
 

Where B⃗⃗  is the main magnetic field, E⃗⃗  is the electric 

field, J  is the electric current density, and 
0  is the 

vacuum permeability coefficient. In addition, the 

generation of electric currents due to a moving 

conductor with the presence of electric and magnetic 

fields is described by Ohm's law. 

j = σ(E⃗⃗ + u⃗ × B⃗⃗ ) (9)  
 

Where σ is the seawater electrical conductivity and u⃗  
is the velocity of seawater. By applying the Ohm's law 

to the Maxwell-Faraday law, the equation (10) is 

obtained, and also, the general equation of 

electromagnetic induction  (Eq. 11) is derived from the 

combination of the equations (6)-(10):  
 

∇ × (
J 

σ
− u⃗ × B⃗⃗ ) = −

∂B⃗⃗ 

∂t
                                               (10) 

1

𝜇0
∇ × (

1

σ
∇ × B⃗⃗ ) − ∇ × (u⃗ × B⃗⃗ ) = −

∂B⃗⃗ 

∂t
                           (11) 

 

The maximum error for temperature for depths less 

than and more than 50 meters is about 5% and 12%, 

respectively, and also the maximum error for salinity 

is about 17% (at a depth of about 200 meters), but the 

average errors for temperature and salinity is less than 

10%. As the comparison of the results show, there is a 

good agreement between the annual mean of the SST 

satellite image (Figure 3a) and the findings of the 

present study (Figure 3b). 
 

2.5. Thin-Shell Approximation 

The physical model which will be the basis of our 

calculations is that of a spherical shell whose outer 

radius is the surface of the oceans and whose inner 

radius corresponds to the maximum depth of the 

oceans.  

a 

b 
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Figure 3. Annual mean climatic field of the SST (°C) a) Satellite image (https://oceancolor.gsfc.nasa.gov/) b) Model output in the 

Caspian Sea  

 

Therefore, the atmosphere above the shell and the 

crust below the shell are perfect insulators, a good 

approximation known as a complete insulator [2]. The  

conductivity of seawater depends on both temperature 

and  salinity and this may play a role in the variability 

of the  oceanic magnetic and electric fields. The full 

magnetic field is divided into two parts (see Eq. 12), 

Earth's main magnetic field due to electric currents in 

the Earth's core (F⃗ ), of which only the radial 

component Fz is important, and the secondary 

magnetic field (b⃗ ) is the magnetic field induced by 

electric currents generated in the ocean's velocity [4, 

29]. 
 

B⃗⃗ = F⃗ + b⃗                   (12)  
 

It will not consider domains including the Earth's core 

so the source currents for F


are zero in the region 

where (Eq. 11) is to be solved. Therefore: 
 

0F =


 (13) 

 

Assuming the environment is quasi-static, the electric 

field E⃗⃗  can be written as a potential scalar gradient. 

The characteristic magnitude of the magnetic field at 

the sea surface is estimated as the equations (14, 15) 

[29]: 
 

b = μ0𝐹𝑧𝑆                                                                 (14) 

S = ∫ σuHdz
0

−h
                                     (15) 

 

Where uH is the horizontal velocity and S is the 

electric conductivity flux. In order to compute σ(z) 

and S we used vertical profiles of ocean current 

velocities observed at two locations and 

climatological data on ocean temperature and salinity. 
 

2.6. IGRF Magnetic field model  

The International Geomagnetic Reference Field 

(IGRF) is an established numerical model used to 

calculate the large scale, internal  part of the Earth’s 

magnetic field at times between 1900.0 A.D.  and 

present, at locations on or above Earth’s surface [54, 

55, 56]. It is produced and maintained by a team of 

geomagnetic field modelers under the auspices of the 

International Association of Geomagnetism and 

Aeronomy (IAGA) Working Group V-MOD and is 

derived from observations collected by satellites, at 

magnetic observatories, and during magnetic surveys. 

It is used by scientists (e.g. in studies of space weather 

or in investigations of local magnetic anomalies) and 

also by commercial organizations and private 

individuals who often use the geomagnetic field as a 

source of orientation information. The IGRF model is 

reviewed every 5 years to be as accurate as possible 

[57]. To derive the radial component of the Earth’s 

geomagnetic field, we used the IGRF magnetic field 

model. In this study, the IGRF model has been 

configured by a spatial resolution of 0.16  ̊for 36.40-

47.50 °N and 46.50-55.00 °E. The vertical 

geomagnetic component (Fz) data are extracted as the 

monthly mean for 2018. 
 

3. Result and Discussion 

3.1. Surface Electrical Conductivity 

In this study, after spinning up of 10 years (2009-

2019) and using the model outputs (temperature, 

salinity fields and currents), changes in magnetic 

field and electrical conductivity were studied in 

the Caspian Sea. The spatial and temporal 

distribution of electrical conductivity indicates 

that electrical conductivity has varied at different 

geographical locations.  

a b 

https://oceancl/
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Figure 4. Monthly changes in electrical conductivity in the Caspian Sea  

 

Figure 4 shows the monthly surface distribution 

of electrical conductivity in the Caspian Sea. In 

winter, the lowest electrical conductivity was 

observed in January with a value of 1.65 S/m and 

the highest electrical conductivity was observed 

in March with a value of more than 1.75 S/m. In 

Jan Feb Mar 

Apr May Jun 

Jul Aug Sep 

Oct Nov Dec 
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this season, the maximum electrical conductivity is in 

the SCB. In spring, the electrical conductivity 

increased compared to winter, with the electrical 

conductivity of 1.85 S/m and 1.2 S/m in April and 

June, respectively. The electrical conductivity changes 

in April and May were approximately similar in the 

middle and southern Caspian basins, but it increased 

in the MCB in June (Figure 4). In summer, due to 

increasing temperature, more electrical conduction 

changes are observed than in other seasons.  In this 

season, the highest electrical conductivity (2.3 S/m) 

was observed in the SCB. In autumn, as shown in 

Figure 4, due to the decreasing temperature compared 

to summer, the electrical conductivity decreased in the 

NCB from 0.9 S/m in October to 0.8 S/m in November 

and December (Figure 4). Similarly, the electrical 

conductivity in the SCB also decreased according to 

the results, so that in December, the electrical 

conductivity reached 2 S/m.  
 

3.2. Structure of vertical electric conductivity 

For a more detailed study of the electrical 

conductivity, the vertical structure of the electrical 

conductivity from the sea surface to seabed was 

calculated for three positions B (45.79 ̊N, 50.71 E̊; 7m 

depth), C (41.12 ̊N, 50.71 ̊E; 235m depth) and D 

(37.37 N̊, 50.71 E̊; 735m depth) (see Figure 1a) in 

February and July. The results of the analysis in the 

three basins show that in the SCB, there are relatively 

intense changes in electrical conductivity from the 

surface to a depth of 300 meters (Figure 5). In 

February, in this basin, the electrical conductivity and 

temperature decreased to a depth of about 70 meters 

(thermocline layer) and then it increased to a depth of 

300 meters, due to the constant temperature and in 

proportion to the increasing changes in salinity, and 

from 300 m up to the seabed, similarities in 

temperature and salinity are almost unchanged. In 

July, the electrical conductivity and temperature 

decreased to a depth of about 100 meters (thermocline 

layer) and then is almost unchanged up to the seabed. 

As a result, electrical conductivity  changes in the cold 

season are affected by changes in temperature and 

salinity, but in the hot season it is mainly affected by 

temperature changes.  
 

 

Figure 5. The electrical Conductivity, Temperature and Salinity Profiles in February (Left) and July (Right) 

 

Southern Basin 

Middle Basin 
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Figure 5. Continue 

 

According to Figure 5. the electrical conductivity 

profiles in the MCB show that in February, electrical 

conductivity  changes from the surface to the seabed 

are increasing due to small changes in temperature, 

according to the increasing changes in salinity. But in 

July, they are reduced due to large changes in 

temperature and according to the trend of temperature 

changes. Also, the dependence of electrical 

conductivity on salinity in the NCB is greater than 

temperature. In this basin, salinity changes are greater 

than temperature changes due to the Volga River and 

shallow water.  As a result, the electrical conductivity 

has changed according to the trend of salinity changes. 

In February, electrical conductivity and salinity 

decreased to a depth of 3.5 meters and then increased 

with increasing depth to the seabed. In July, the 

electrical conductivity changes are increasing, 

according to the trend of salinity changes. 
 

3.3. Monthly changes of magnetic field 

According to equations (6)-(15), the monthly temporal 

and spatial changes of the magnetic field in the 

northern, central and southern Caspian basins for 2018 

have been studied (Figure 6). The monthly changes 

of the magnetic field in most of the Caspian Sea 

are less than 1 nT (of the order of 0.1 nT). Its 

average value in some deep regions is about 3 and 

6 nT in the middle and southern basins of the 

Caspian Sea, respectively. The highest magnetic 

field is in the SCB. The magnetic field anomaly 

in the Caspian Sea is more intense in the southern 

basin in winter. In spring, the magnetic field 

anomalies reduced compared to winter in the 

MCB and NCB.  In the spring, magnetic field 

anomalies are reduced in the MCB and NCB 

compared to the winter. This decrease in magnetic 

field is more intense in MCB than in NCB. In 

summer, the magnitude of the magnetic field in 

the MCB was much lower than winter and spring, 

about 1 nT - 2 nT in August. In autumn, the 

magnetic field intensely increased in the MCB 

(about 5 nT. The results show that in all months 

the highest magnetic field anomaly occurred in 

the SCB, so that in March, a magnetic field of up 

to 16 nT was observed in the SCB. 

 

Northern Basin 

Jan Feb Mar 

Figure 6. Monthly changes of Magnetic field in the Caspian 

Sea 
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Figure 6. Continue 
 

It shows the lowest magnitude of magnetic field 

anomalies in October and November with a value 

of approximately 12 nT in the SCB. But the 

highest magnetic field changes are observed in the 

MCB in all months.  The magnetic field anomaly 

is a function of the electrical conductivity flux and 

current velocity. To calculate the magnetic field 

anomaly using the sum of layers of electrical 

conductivity flux ∫ σuHdz
0

−h
 from surface 0=z  to 

depth hz −= , it can be concluded that the 

maximum magnetic field anomaly obtained in the 

Caspian Sea is a function of depth and sea current. 
 

4. Conclusion 
The Princeton Ocean Model was used to determine the 

parameters required to simulate magnetic fields in the 

Caspian Sea. This combination makes it unique to not 

only calculate the induced magnetic signals but also to 

evaluate the influence of oceanographic factors on the 

magnetic induction process. The electrical 

conductivity distribution of the SCB showed that the 

lowest and the highest of surface electrical 

conductivity were 1.65 S/m in January and 2.3 S/m in 

August and September, respectively. These findings 

were in good agreement with the values measured by 

Dordipour et al. (2004). In July and February, changes 

in electrical conductivity, in the SCB and MCB, are 

Apr May Jun 

Jul Aug Sep 

Oct Nov Dec 
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proportional to temperature changes, while in the 

NCB, it is proportional to changes in salinity. The 

expected changes at sea level (or ocean bottom) are of 

the order of several 0.1 nT (Saynisch et al. 2016) 

which is in good agreement with the magnetic field 

changes in the NCB, due to the shallow depth. Also, 

the magnetic field anomalies in the southern and 

middle basins, due to the deep-water depth, are in 

relatively good agreement with the magnetic field 

changes in the Ocean (Glazman and Golubev, 2005; 

Tyler et al. 1997). The results show that the amount of 

magnetic field anomalies in the NCB was the lowest 

due to the shallow depth. The magnetic field 

anomalies are relatively intense in parts of the 

southern and middle basins. Spatial and temporal 

changes in the scattering of the magnetic field in the 

MCB compared to other basins show that the magnetic 

field anomaly has temporal and spatial variability and 

is affected by sea currents.  In SCB, the highest and 

lowest magnetic field anomalies were observed in 

March 16 nT and November 12  nT, respectively. 

According to the results, the current velocity and depth 

are the most important factors in changing the 

magnetic field in the Caspian Sea, which has the most 

effect on the magnetic field in the western half of the 

Caspian Sea. The highest magnetic field anomalies in 

this study (16 nT) are in relatively good agreement 

with the magnetic field anomalies in South Australia 

(20 nT) as well as in parts of Antarctica (10 nT at 100 

m depth) (Glazman and Golubev, 2005; Tyler et al. 

1997). This discrepancy can be due to differences in 

the thermohaline structure, current velocity and also 

the vertical component of the Earth's magnetic field in 

each of the research areas. 
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